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Abstract 

A general synthetic method is presented for the preparation of a series of 

meso-phenyloctamethylporphyrin-linker-quinone compounds for investigation of 

intramolecular photoinduced electron transfer rates by picosecond fluorescence 

spectroscopy. Distance effects were investigated through the incorporation of zero, 

one, or two bicyclo(2.2.2]octyllinker units separating the -porphyrin and quinone. 

Addition of one bicyclo(2.2.2]octyl linker decreases kET by at least a full order 

of magnitude. The addition of a second bicyclo(2.2.2]octyl linker unit decreases 

the electron transfer rate by 500 to 2::1700. Investigation of solvent effects on 

the electron transfer rate, as obtained from the picosecond fluorescence lifetimes 

of the compounds, indicate weak solvent dependencies as expected for electron 

transfer from a neutral initial state. Conversely, dramatic solvent dependencies 

are expected for the back transfer rates in these compounds. Investigation of 

temperature effects on the electron transfer rate revealed a relatively tempera

ture insensitive electron transfer rate (nuclear tunneling). This is the first syn

thetic porphyrin-quinone compound to date to exhibit electron transfer quenching 

at low temperatures. The nonexponential emission decays of samples at 77K in 

frozen solvent matrices are proposed to arise from an ensemble of rotational con

formations between the porphyrin donor and the benzoquinone a~ceptor, which is 

well described by an angle-modulated decay analysis. The dependence of kET on 
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the precise geometric orientation of the donor and acceptor reinforces the nonadia

batic nature of these transfers. Exothermicity effects for a structurally homologous 

series of porphyrin-benzoquinones prepared by the general synthetic method in 

four solvents of varying polarity indicate large changes in the electron transfer 

rate with small changes in the driving force at low exothermicities, followed by 

a relatively aGo insensitive region. At the highest exothermicity case studied, a 

modest decrease in the electron transfer rate was observed. No dramatic evidence 

for the inverted region was observed for the photoinduced electron transfer from 

the porphyrin excited singlet transfer to the quinone acceptor over the range of 

exothermicity studied (0.5 ~ aG~el ~ 1.1 eV (benzene)). A comparison of the 

results with classical and semiclassical theories is pr~sented. 
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Introduction 

The conversion of solar energy to chemical energy is an exceedingly critical 

electron transfer (ET) pathway which is the major input of energy into the bio

sphere. The process of photosynthesis requires the input of light-energy, carbon 

dioxide, and an oxidizable substrate. Green plants, algae, and cyanobacteria utilize 

water as the oxidizable substrate producing oxygen and reducing carbon dioxide 

to carbohydrates in the presence of chlorophyll and light. 1' 2 

hv 
------tJIP~ {CH20) + 02 + H20 + 112 kcal/mole 

chlorophy 11 

Other bacteria capable of photosynthesis substitute sources other than water for 

their reducing equivalents, such as hydrogen sulfide, various other sulfur com-

pounds, or organic compounds. 2 The general requirement of an alternative sub-

strate to water distinguishes the bacterial photosynthetic process from the higher 

plants. 

The functional apparatus of a photosynthetic organism, collectively called the 

photosystem {PS), consists of light harvesting components, specialized assemblies 

of proteins and prosthetic groups called reaction centers {RCs), a host of chemical 

intermediates, and the structural protein and membrane components and is shown 
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Figure 1. Schematic representation of in vivo bacterial reaction centers (from 

reference 1, p. 86, Figure 4). 

schematically in Figure 1. The higher plants utilize a coupled dual photosystem 

arrangement termed photosystem I (PSI) and photosystem II (PS II). The general 

scheme for this arrangement (Figure 2) is called the Z scheme.3 ' 4 Photosystem I 

is designated as P700, indicating light-induced absorbance changes at 700 nm, and 

the analogous designation of PS II is P680. P700 is the primary electron donor in 

the photochemical activity of PS I, 5 and shows reversible photooxidation behavior 

upon red light exposure. Excitation of PS ll (P680) reaction center yields the 

oxidized P6so+, which is subsequently reduced by electrons from water oxidation. 

Similarly, excitation ·of PS I (P700) gives rise to P7oo+ which is reduced via an 

intersystem electron transport chain from PS ll.6 
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Figure 2. Z scheme of photosynthetic electron transport (from reference 1, p. 13, 

Figure 3). 

It has long been known that the reactions of oxygen-evolving photosystems 

have been of two types, those activated by photons (light reactions) and those 

which occur in the absence of light (dark reactions). 6 The light reactions involve the 

intermediacy of a series of oxidation-reduction components forming the electron

transport chain, and occur in the RCs of PS I and PS II. The primary events of 

the light reactions occur in the femto- to nanosecond regime, consisting of the 

absorption of light, transfer of excitation energy to the RCs, and photo-induced 

charge separation within the RC by the excitation e,nergy. A vectoral arrange-
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Molecular structure of chlorophyll a. Replacement of CH J by CHO in ring II gives 
chlorophyll b. and replacement of CHCH 2 by Q-CHO in ring I gives chlorophyll d. 

Figure 3. Molecular structure of chlorophyll derivatives. 

ment of electron acceptors allows an extremely efficient transfer of electrons to 

secondary acceptors resulting in an electrical and proton gradient across a mem-

brane. Secondary events, occurring in the nanosecond to second timescale, couple 

these potentials7..g to the production of high-energy intermediates (ATP), 10 , 11 

evolution of oxygen, and the transport of ions across membranes. Finally, dark 

reactions occurring on longer timescales utilize the chemical energy stored in high-

energy intermediates (ATP, NADH, NADPH) to drive enzymatic reactions that 

ultimately lead to the reduction of carbon dioxide to carbohydrates. 2 

The possession of at least one of the eight types of chlorophylls appears to be 

universal in photosynthetic organisms. The chlorophylls all have a similar molecu-

lar structure (Figure 3) and are closely related both structurally and biosyntheti-
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cally to hemes, with the exception that the central chela ted metal is magnesium 12 

instead of iron. Some minor differences in structure include the exocyclic ring 

structure and a long hydrocarbon phytol chain in chlorophyll derivatives. 

A major proportion of the chlorophyll content of photosyntheic membranes 

(.....,99%) serves an antennae function in photosynthetic systeiD:S. 2 A battery of 

light-harvesting chlorophylls and other accessory pigments, the chemical nature 

of which is species dependent, increase the efficiency of light collection by absorbing 

light and transferring the excitation to the key sites of photochemistry, the reac

tion centers (RCs) .13 The higher plants rely largely on the chlorophylls for their 

light harvesting function which absorb in the blue and red portions of the visible 

spectrum. Additional pigments also aid in this function including carotenoids 14 , 15 

(long chain polyunsaturated hydrocarbons), and in some species of bacteria and 

algae, phycobiliproteins16 (proteins containing linear tetrapyrrols). The organized 

antennae maximize their functional capabilities by exploiting the differing absorp

tion characteristics of the various chromophores resulting in the ability to utilize 

virtually the entire solar spectrum in some organisms. Energy transfer between 

the antennae chromophores ultimately results in the transfer of excitation to the 

RCs. 

Oxygen-evolving photosynthetic systems consist of two principle sites of pho

tochemical activity known as the reaction centers. Evidence from a number of 

sources including circular dichroism17 (CD), electron paramagntic resonance 18 , 19 

(EPR), electron nuclear double resonance 19 (ENDOR), and other physical meth

ods lend support to the theory that the PS I reaction center is a chlorophyll-a 
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dimer. However, some sources claim that a monomer in a special environment 

more adequately explains linewidths from magnetic resonance experiments. 20 Ex

tensive physical study of P680 has also been underway. 6 The input of excitation 

energy into the reaction center either directly or via the antennae complex results 

in the photooxidation of the primary donor. The vectoral arrangement of electron 

acceptors in the RC then yields a fast and extremely efficient manifold for the 

separation of charge. 

The details of the operation of RCs from photosynthetic bacteria are under

stood in greater detail than those of plants. The bacterial systems are substantially 

reduced in complexity, the coupled dual photosystem arrangement of green plants 

being replaced by a single photosystem in bacteria, but the functional similarities 

are surprising. The more exhaustive study of bacterial systems is largely due to 

technical difficulties in obtaining biochemically well-defined preparations of RCs 

from green plants. The study of plant photosynthetic systems is generally per

formed on subchloroplast fractions enriched in one or the other of the RCs. The 

simpler bacterial systems, however, lend themselves well to purification procedures 

allowing the associated antennae pigments to be stripped off of the bacterial reac

tion centers, hence removing complications due to the spectral signatures of these 

chromophores. It is these bacterial systems which have yielded the greatest insight 

into the inner workings of the photosynthetic electron-transfer chain.21 

The critical components in a bacterial RC22 , 23 are four BChl molecules, two 

bacteriopheophytins (BPheo is a metal-free BChl), and a nonheme ferroquinone 

complex [Q(Fe2+)]. The primary elect~on donor is a so-called special pair24 , 25 of 
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BChl molecules, (P, or BChl2 ), absorbing at 865 and 605 nm in Rhodopsuedomonas 

sphaeroides. In other species of bacteria the absorption shifts slightly: 883 nm in 

Chromatium vinosum and 960 nm in Rhodopsuedomonas viridis. The nature of the 

iron-quinone complex and the role of the iron is not well understood, but is under 

active investigation. A recent study26 indicated that removal of the iron slows the 

electron transfer from the primary quinone (QA) to the secondary quinone (Qs) by 

only a factor of two in the reaction centers from R. sphaeroides. Reconstitution 

with other divalent metals (e.g., Mn2+, Co2+, Ni2+, Cu2+, Zn2+) restores the 

native kinetics for this transfer. The formation and decay of P+I- in RCs from 

R. sphearoides exhibited identical yields (100%) of p+qA for native and Zn2+ 

reconstituted RCs,27 while in the absence of a metal the yield drops to ....... 47%, 

implicating a critical role for the metal in the electron transfer step P+I-QA --t 

P+IQ:A. The possible role of the Fe2+ ion suggested by these authors27 includes 

(a) preservation of the structural integrity of the RC, (b) spin or magnetic field 

effects, (c) alteration of the QA reduction potential by electrostatic interaction, or 

(d) changes in the reorganization energies governing the transfer. 

Analysis of the temperature dependence of the primary reactions in RCs con

tinues to accumulate. While several electron transfer steps appear to show classical 

activation parameters, as in the oxidation of the high potential cytochromes in R. 

sphaeroides, 28 other traJlsfers have been observed to occur at temperatures as low 

as 4K. A key study by DeVault and Chance29 investigated the oxidation of the 

low potential c-type cytochromes in Chromatium vinosum responsible for the re

duction of the photooxidized special pair (BChl) 2 , which shows a temperature 
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independent rate below "'lOOK (Figure 4). Further studies determined that the 

photooxidation of (BChl)2 has been observed to be temperature independent over 

the full temperature range of 4-300K.31 ' 32 Some of the back transfer steps in 

the electron transfer pathway, normally discriminated against in native RCs (e.g., 

(BChl)t·IQA:· -+ (BChl) 2IQA) show curious negative activation energies, i.e., the

rate actually decreases with increasing temperature above 100K.33 ' 34 Bacterial 

systems tend to display negative temperature coefficients for the reverse primary 

reactions, while those of green plants have positive coefficients in the high tem

perature regions. 35 A comprehensive summary of RC temperature effects can be 

found in a recent review. 36 

Historically, the identity of the primary electron acceptor of the RCs was 

linked to technical advances in fast spectroscopy. 21 Early work identified the 

Q(Fe2+) complex as the primary acceptor.37 , 38 The reduced quinone was stable 

on the millisecond time scale, and nanosecond laser pulses were unable to detect an 

earlier intermediate. The first indications that other chromophores were involved 

was the detection of a new transient with a 10 nsec lifetime at room temperature39 

observed when normal photosynthetic electron transfers were blocked, as in the 

prior reduction of the Q(Fe2+) center to q-·(Fe2+). This transient showed ab

sorbance bleaching in the BPheo absorbing regions, and was the first indication 

of a prior step in the electron transfer chain. However, to prove this in terme

diate was not an artifact, it had to be detected under conditions where normal 

photosynthetic electron transfer processes were viable. 

Subsequent studies using picosecond spectroscopic techniques identified a new 
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Figure 4. Temperature dependence of bacterial photosynthetic electron transfers. 

Curves A and B: photoinduced cytochrome oxidation. Curves C and D: reversed 

primary reactions (from reference 30, p. 3, Figure 1.1). 
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intermediate 10 psec after excitation which did not decay between 1Q-200 psec af-

ter illumination even when the Q(Fe2+) center was reduced prior to excitation.40 A 

diagnostic 1250 nm absorption band was experimentally observed when (BChl)t· 

was formed either chemically by the addition of oxidants, or photochemically by 

the illumination of the RCs with 865 nm light, and a key picosecond measurement41 

demonstrated that the rate of formation of this infrared absorption was < 10 psec. 

Even the removal of the Q(Fe2+) center did not effect the 1250 nm kinetics.42 

Another intermediate was clearly implicated in the ET pathway. 

Numerous investigations4o-45 on the picosecond time scale implicated the involve-

ment of BPheo or possibly the monomeric BChl as intermediate acceptors enroute 

to the primary quinone acceptor. The role of the monomeric BChl is not well un-

derstood, and its implication as an intermediate acceptor is still controversial. A 

recent report46 argues that no picosecond study to date has demonstrated convinc-

ingly that p+. BChl-· is a kinetically or spectrally resolved intermediate state. The 

specific spectral features which implicate the monomeric BChl as an intermediate 

acceptor appear to be highly dependent upon excitation flash duration, intensity, 

and polarization, as well as other experimental parameters such as temperature 

and even medium.47 Some of these spectral features implicating the monomeric 

BChl in the ET pathway may well be due to the influences of protein conforma-
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tions or other environmental factors. 48 A summary of the kinetic scheme for the 

photosynthetic electron transfer pathway in RCs is shown in Scheme I. 

Our understanding of the function of R Cs has been obtained largely from a 

myriad of physical techniques which have allowed the identification of key events 

in the electron transfer sequence. Fast spectroscopic techniques have identified the 

intermediates in the ET sequence. The presence of magnetic interactions between 

the oxidized or reduced chromophores have led to the estimation of separation 

distances between the components of the RC. 21 ' 36 While the significance of these 

studies should not be underestimated, crystallographic analysis will ultimately 

provide the definitive insights into the function of the RC. 

A crystal structure49 ' 50 of the RC of R. viridis at 3A resolution has been 

reported which allows the visualization of the chromophores at the atomic level. 

While significant refinements in the structure remain to be completed, this is the 

first detailed look at the orientations and interactions of the RC components, 

and is a key breakthrough toward increasing our understanding of the enormous 

functional success of the photosynthetic unit. 

The crystals are reported to be photochemically active in the crystalline 

state51 ' 52 suggesting only minor perturbations have been introduced by extrac

tion of the RCs from the membrane and the crystallization process. These reaction 

centers crystallize with the attendant c-type cytochrome still attached, allowing 

the orientation of the cytochrome hemes to be determined as well (Figure 5). 

There is an approximate 2-fold rotation symmetry axis relating the two groups 

of chromophores within the RC, one BChl-b of the special pair, one monomeric 
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Scheme I. Kinetic scheme for photosynthetic electron transfer reactions. 
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Figure 5. Crystal structure of the reaction center complex from R. viridus (from 

reference 49). 
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BChl-b, and one BPheo-b. The position of the non-heme iron is on or very close 

to this symmetry axis. The planes containing the BChl-bs of the special pair are 

approximately 3A apart and tipped at ,_ 15°. In close proximity to the special 

pair is another monomeric BChl-b, with a center-to-center distance (Mg to Mg) 

of ,_13A and an angle between planes of ,_70°. Each of these monomeric BChl

b molecules are adjacent to a BPheo-b with a distance between ring centers of 

-11A and an angle between ring planes of -64°. While the tetrapyrrole rings of 

the monomeric BChl and BPheo obey the 2-fold rotation symmetry, parts of the 

phytol side chains do not, and there appear to be significant contacts between the 

BChl-b and BPheo-b via the phytol side chains. The only quinone in the struc

ture is located -7 A from the non-heme iron, consistent with recent EPR studies. 53 

The absence of a second quinone in the structure suggests a strict inequivalence 

in the two otherwise identical electron transfer pathways. As yet this inequiva

lence has not been shown to extend to any asymmetry in the protein backbone 

of the structure. 50 The possibility that one quinone was lost in the preparation 

of the crystals, or that the quinone is disordered can not yet be excluded by the 

authors. The heme groups in the cytochrome subunit are vectorally arranged on 

an axis at -60° to the 2-fold symmetry axis of the RC core. Only the heme 

closest to the special pair lies on this axis with a (heme) Fe-Mg (BChl-b) dis

tance of -21A. Analysis of the protein backbone51 has located a tyrosine residue 

between the closest heme group and the special pair 'Yhich may implicate the in

volvement of the protein side chains in the electron transfer pathway, and may 

call for closer scrutiny of the amino acid side chains in the structure once the full 
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protein sequence is known and these residues can be pinpointed. The remaining 

heme Fe-Fe distances in the cytochrome subunit as they extend away from the 

special pair are -14A, -16A, and -14A. Recent progress has also been made on 

the crystal structure of the RC from R. sphaeroides at 3A resolution, and results 

will soon be available for comparison of the two structures. 54 

The photosynthetic reaction center is a unique assembly competent at ex

tremely efficient charge-separation in high yield (the quantum yield for the pho

tooxidation of (BChl) 2 is 1.02 ± 0.04 in R. sphaeroides 55 ). The extraordinary 

functional success has prompted the development of a, number of synthetic model 

systems which have enjoyed only moderate success at reproducing various aspects 

of the RC function. Clearly our success for adequate modeling of the biological pro

cess requires a fund amen tal understanding of how key parameters affect electron 

transfer rates. Nature has shown us a remarkable example of the efficient use of 

photochemical energy, incorporating a given set of driving forces, donor-acceptor 

distances and orientations into a protein framework. Ideally, if one understood the 

fundamental dependencies of electron transfer rates on these variables, one might 

be able to successfully mimic the biological system. 

Sparked in part by the increasing understanding of electron transfer in biolog

ical systems, the theoretical underpinning of electron transfer reactions in general 

continues to develop. Initial theoretical treatments of ET reactions treated nu

clear motion in a classical franiework.30, 36 Subsequent work has investigated the 

problem in a semi-classical, 56 as well as quantum mechanical30, 57-6° framework, 

and are reviewed extensively elsewhere.36 , 61 The classical treatment originally 
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proposed by Marcus62 was developed over 30 years ago and has been immensely 

successful at predicting ET rate constants in self-exchange and electrode reactions, 

and is briefly discussed below. 

The potential energy surface for a reaction is a function of all relevant nuclear 

coordinates coupled to the reaction. Such a surface would include coordinates 

for all degrees of vibrational, translational, and rotational motion. In addition, 

orientational coordinates of the surrounding medium are also included since the 

averaged equilibrium orientations of solvent molecules may differ for reactants and 

products in an electron transfer reaction due to the transfer of charge, especially 

when the surrounding medium involves an appreciable solvent dipole. A cross

section of this surface in many-dimensional coordinate space along an "effective 

nuclear coordinate" reduces the complexity of a multi-dimensional surface to a sin

gle coordinate analysis. If the reactant and product are considered to be harmonic 

oscillators, the potential energy curves can be described as intersecting parabola 

(Figure 6) along this effective coordinate. In the classical analysis, a reaction is 

only possible if the curves intersect, and a transition from the reactant (R) sur

face to the product (P) surface can be discussed. Two limiting cases exist, one in 

which strong mixing is present between the R and P curves resulting in a large 

splitting between the potential energy curves, and is called the adiabatic limit. In 

the nonadiabatic limit, the reactant and product only weakly interact, and the 

crossing point must be trave~sed many times before crossing to the P surface. The 

application of the Frank-Condon principle would then require that the transfer of 

an electron is instantaneous, i.e., that the nuclei in the "activated complex" do not 



-18-

NON-ADIABATIC : ADIABATIC: 

A C B 

Nuclear Coordinate Nuclear Coordinate 

Figure 6. Nuclear potential energy curves in the adiabatic and nonadiabatic 

limit. 

have time to change either their positions or their momenta during the electron 

transfer event. To conserve energy in the transfer, ET must occur at configura-

tions where the potential energy of the reactant equals that of the product, or at 

the intersection region in Figure 6. 

The calculation of the rate constant for electron transfer is then reduced 

to quantifying the probability of reaching the intersection region and of staying 

on the lower surface. Thermal and vibrational fluctuations result in the system 

being displaced from the equilbrium energy minimum of the R curve to that of 

the intersection region. Once the system has reached the intersection point, the 

probability of transfer is related to -the extent of the coupling of the electronic 

orbitals of the two reactants (i.e., adiabatic or nonadiabatic) which in turn is 
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related to parameters such as separation distance and orientation effects. The 

electron transfer rate can then be expressed61 as 

[1.1] 

where A0'2 has dimensions of collision frequency, 0' being the mean separation 

distance in the transition state of the reaction. The transmission coefficient K, or 

the transition probability for electron transfer per passage of the system through 

the intersection region is a function of the separation distance r of the reactants 

and is generally assumed to vary at large r approximately as exp( -,Br).61 For 

adiabatic reactions, "' ::::::: 1, and for nonadiabatic reactions, "' ~ 1. Finally, the 

rate is dependent on the free energy of activation for the reaction, ~ G+, expressed 

A ( ~Go')
2 

~G+ = wr + 4 1 + -A- [1.2] 

[1.3] 

which relates ~G+ to the "standard" free energy of reaction in the prevailing 

medium, ~Go, the work terms for bringing the reactants ( uf) or products ( wP) to 

the mean separation distance 0', (or r), and the reorganization energy (A) coupled 

to the transfer. The quantity ~G01 thus corresponds to the free energy of the 

reaction when the reactants are at separation distance r. The A term is composed 

of an inner sphere component, related to changes in bond lengths, and an outer 

sphere component, related to bulk changes in solvent orientations. 61 

[1.4]· 
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[1.5] 

2 [ 1 1 1] [ 1 1] Ao = (~e) - + - - - - - -
2a1 2a2 r n 2 €8 

[1.6] 

The paramenters fj and t; are the ith normal mode force constants in the reac

tants and products, respectively, ~qi is the change in equilibrium value of the ith 

normal coordinate, ~e is the charge transferred from one reactant to the other, 

a1 and a2 are the radii of the (spherical) reactants, r is the separation distance, 

n is the solvent index of refraction, and €8 is the solvent dielectric constant. This 

treatment assumes the vibrations within the reactants can be treated as harmonic 

oscillators, and the derivation of the outer sphere component of the reorganiza-

tion energy is based on the dielectric unsaturation approximation61 ' 63 , 64 which 

assumes that the dielectric polarizations around the reactants responds linearly to 

any changes in charge. 

Quantum-mechanical treatments express the nonadiabatic electron transfer 

rate as36 

[1.7] 

where Hab is the electronic matrix element for the electronic coupling of the re-

actant and product states, and is equal to one-half the separation of the R and 

P curves (Figure 6) for a purely adiabatic description. The quantity (FC) is the 

Frank-Con.don factor, a sum of overlap integrals for the vibrational and salvational 

wavefunctions for the reactants with those of the products weighted by suitable 
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Boltzmann factors. In the harmonic approximation and the high temperature 

limit, this results in a rate expressed61 as 

[1.8] 

The implications of equation [1.8] have sparked extensive experimental in-

vestigations of exothermicity effects on electron transfer rates. Shown in Figure 

1 is a plot of kET as a function of driving force (.6.G0
') for an electron transfer 

reaction. The electron transfer rate is predicted to increase until .6.G01 equals the 

reorganization energy(.\) coupled to the transfer, and further increases in exother-

micity are predicted to result in a decrease in kET· Superimposed on the curve 

is a diffusion limited rate plateau which can mask the results from intermolecular 

investigations (see below). The existence of the inverted region has been invoked 

to explain the efficiency of the forward transfers in photosynthetic RCs. If the for-

ward transfers are optimized at a driving force equal to the reorganization energy, 

the back transfers would fall in the highly exothermic region, and the expression 

[1.8] above would predict these rates would be slower, although the driving force is 

considerably greater. Thus, the forward transfers could compete effectively with 

deletarious back transfers. 

Because the nuclear motion is treated classically in equations (1.8] and [1.2], 

this derivation assumes kT is much larger than the relevant nuclear frequency cou-

pled to the transfer, thus presenting a problem in treating low-temperature kinetic 

data. An alternative theoretical approach by Hopfield56 sought to specifically treat 

the possibility of nuclear tunneling at low temperature. This derivation pointed 
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Figure 7. Dependence of the electron transfer rate constant on reaction exother-

micity. 
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out that electron transfer between fixed sites (as in most biological transfers) is 

analogous to energy transfer by the Forster-Dexter mechanism65 , 66 and that the 

rate of electron transfer could be described by 

[1.9] 

where Da and Db are the 'electron removal' and 'electron insertion' spectra, re-

spectively, and are analogous to Forster's optical emission and absorption spectra. 

Assuming these spectra could be approximated by Gaussian distributions, a semi-

classical expression for kET was derived 56 as 

[1.10] 

nw ( nw ) 
Teff = 2coth 2kBT [1.11] 

Low-temperature effects could then be treated with an 'effective' temperature, 

T ef f, in the calculation of the Frank-Condon factor. This effective temperature 

has the behavior of approaching kB T at high temperature, and nw /2 (temperature 

independent) at low temperatures. Equation [1.10] was the first to give reasonable 

quantitative agreement with the low-temperature data of DeVault and Chance on 

cytochrome c oxidation in Chromatium vinosum. 56 

Extensive effort has been underway to develop the theoretical framework nee-

essary to quanitatively predict electron transfer rates. The ultimate success will 

require an intimate knowledge of the effects of key parameters such a exother-

micity, donor-acceptor separation distance and orientations, bridging medium, 
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solvent, temperature, and reorganization energies coupled to electron tranfer reac

tions. All of these effects have been dealt with extensively in numerous theoretical 

treatments of the electron transfer problem. What remains is to develop experi

mental systems which can investigate these parameters systematically for future 

refinements of theoretical treatments. 
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Chapter 2 

Previous Studies 



- 26 -

Intermolecular Studies 

Early attempts to confirm the predictions of electron transfer theory involved 

the study of intermolecular quenching of various donors and acceptors. One of the 

'classic studies in this regard was the work of Rehm and Weller67 who studied the 

fluorescence quenching of a large number of donors and acceptors in fluid solution. 

At low driving forces the electron transfer rates increased considerably, and then 

a plateau was observed. No evidence for the inverted region was observed (Figure 

1). A later pulse radio lysis study by Beitz and Miller68 ' 69 sought to control 

the diffusion aspect of the problem by studying the electron transfer rates in a 

rigid solvent matrix at low temperature. The extraction of kET values required 

significant deconvolutions, and assumptions of randomly distributed donors and 

acceptors. This approach was moderately successful, and hinted at inverted region 

effects in the high exothermicity cases studied. 

The intermolecular approach is plagued with problems of distributions of 

donor-acceptor distances, orientations and diffusion limited rates. These and other 

studies 70 suggest~d the optimum approach for investigations of electron transfer 

parameters is the explicit control of all aspects which govern electron transfer. 

Such unambiguous control of electron transfer parameters is exceedingly impor

tant for comparison with theoretical developments of the last three decades. The 

rigorous experimental control of these parameters in precisely defined synthetic 
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Figure 1. Intermolecular fluorescence quenching study of donors and accep-

tors (from reference 67). 
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systems has become available only recently. In analogy with biological donors and 

acceptors, the focus of discussion in the next section will be on porphyrin-quinone 

model systems. 

Intramolecular Bichromophoric Studies 

The first model system reported in the literature incorporating a linked por-

phyrin-quinone system was that of Tabushi71 (see below). 

I 

1 H NMR clearly indicated the close proximity of the quinone to the tetraphe-

nylporphyrin ring system. The fluorescence from I was observed to be of "very 

low intensity," demonstrating that an efficient quenching pathway for the por-

phyrin excited singlet was available, and was presumed to indicate electron transfer 

quenching. Comparison with previous studies of intermolecular quenching of TPP 

fluorescence by p-benzoquinone indicated the "effective" quinone concentration 
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of I was "'"'4x10- 2M pointing to the advantagous use of an intramolecular sys

tem to achieve high effective acceptor concentrations in an attempt to circumvent 

diffusion limited rates. 

This study was the first 1n a long series of intramolecular porphyrin sys

tems subsequently prepared for the investigation electron transfer rates. The 

list includes porphyrins linked to quinones or other acceptors, 72- 85 face-to-face 

porphyrin-quinones,86-
92 porphyrin dimers or trimers,93- 101 and a porphyrin dimer 

linked to a quinone. 102 , 103 Much of the early work on porphyrin oligomers was de

voted to the spectral characterization of such species for comparison with emerging 

spectroscopic and EPR studies on photosynthetic reaction centers. Later studies 

probed the electron transfer capabilities of such systems. The wealth of porphyrin

acceptor (generally quinone) systems which followed sought to mimic various as

pects of the primary events in RCs, and to study the effects Df various parameters 

on ET rates, such as distance or orientation effects. While these systems had 

succeeded in overcoming diffusion limited rates which can mask the results from 

intermolecular studies, there remained significant problems to overcome. In par

ticular, systems which link an acceptor to a porphyrin via flexible hydrocarbon 

linkers for the analysis of distance effects are plagued with conformational dynam

ics resulting in ill-defined donor-acceptor separation distances and orientations. 

These sytems are characterized by complex emission behavior, often requiring mul

tiexponential analyses to fit the emission data. The ensemble of donor-acceptor 

distances gives rise to a distribution of electron transfer rates which is difficult to 

deconvolute without prior knowledge of the accessible donor-acceptor conforma-
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tions. While these studies are significant in establishing the existence of efficient 

electron transfer quenching pathways from the porphyrin excited state, it is un

likely that quantitative data for comparison with theory will ever be obtained from 

this approach. Only systems which seek to unambiguously control distance and/ or 

orientations will be discussed in detail here. 

A number of systems which followed were successful at limiting the compli

cations of conformational flexibility. Shown below are two such systems. The di-

II III 

rectly coupled porphyrin-quinone system II studied by Netzel80 showed extremely 

fast (>1011 s-1 ) electron transfer quenching attributable to the close proximity 

of the quinone acceptor and is likely an example of an adiabatic transfer. The 

face-to-face porphyrin-quinone system87 , 88 will provide an interesting orientation 

study on electron transfer rates. Preliminary studies indicate biexponential fiuo-
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rescence behavior for III, possibly the result of two stable conformations. While 

an orientation study will be significant, the systems does not easily lend itself to 

exothermicity investigations. 

Bichromophoric Systems 

Recent work investigating photoinduced electron transfer rates in a rigid 

bichromophoric system have been reported. 104 ' 105 The molecules shown below 

were prepared and solvent effects on long distance (5.8 A edge-to-edge separation) 

X y 

1.! X:H; Y:COOC1H1 

1R X=Y=CN 

CH 

2a X=COOCH1 ~ Y=H 

~ X=Y=CN 

ET have been investigated. These molecules show the advantagous behavior of an 

emissive charge-transfer state under certain conditions, allowing a direct probe of 

the energy of the CT state via the solvatochromism of the CT band. The com-

pounds exhibit highly quenched fluorescence from the photoexcited anisole donor. 
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The absorption spectra preclude energy transfer from the anisole excited singlet 

to the substituted ethylene group, implying that electron transfer is the additional 

decay channel responsible for the observed singlet quenching. The molecules are 

so strongly quenched that only limits on the electron transfer rates are available 

for compounds lb, 2a, and 2b making the quantification of the change in kET 

with an increase in the driving force from the alkoxycarbonylethylene to the cya

noethylene acceptor difficult. The molecules have the advantage of a fixed donor

acceptor separation with a minor complication of a slow (on the ET timescale) 

conformational changes, and hence donor-acceptor distances, available with this 

hydrocarbon skeleton. A comparison of electron transfer rates was experimentally 

possible for la in acetonitrile and lb in hexane. Unfortunately, the ambiguity in 

estimating the driving force for the electron transfer in hexane is problematic. 

Electrochemical measurement of the driving for for the reaction in acetoni

trile coupled with the excitation energy resulted in an estimate of t""oJ 1 e V for the 

driving force for electron transfer. A change of solvent to hexane, for which no 

electrochemical measurements are presently available, results in significant com

plications. These authors (and others, see below) utilize a theoretical treatment 

to estimate the driving force for the reaction in solvents of different dielectric 

constant based on redox values for the chromophores in solvents which exhibit 

well-behaved electrochemical behavior (e.g., acetonitrile or dimethylformamide). 

This theoretical treatment is based on the Onsager field modeP06 to estimate the 

solvation energy of the charge transfer state. The orientation polarization of the 
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;olvent in response to the CT dipole was calculated from 

-J.£2 [ ( €- 1 ) ( n2 - 1 ) ] 
Eop = p3ct 2€ + 1 - 2n2 + 1 [3.1] 

where p denotes the radius of the solvation cavity surrounding the molecule, f.-Let 

[s the dipole moment of the CT state, € is the solvent dielectric constant, and n is 

the refractive index of the solvent. 

A number of implicit assumptions in this derivation suggest that the use of 

such a model to calculate driving forces for the electron transfer where very large 

dipole moments are involved (the authors estimate the dipole moment of 2b to 

be """23D in the CT state) extend the theory beyond its useful limits (molecules 

of 0-4D dipole moments). The large dipole moments involved in compounds of 

this type certainly calls into question the applicability of the dielectric unsatu-

ration approximation in any solvent discussions. Clearly one would prefer better 

estimates of the energies of the CT state, ideally where the redox values can be 

experimentally determined in the solvents used in the photochemical studies. In 

the absence of such information, it would be preferable to quantitate changes in 

kET within a single solvent if experimentally attainable. Extensions of this work to 

incremental distance effects are currently in progress, 107- 109 and will be discussed 

in Chapter 5. 

Of the few synthetic porphyrin-quinone sytems designed with well-defined 

donor-acceptor separation distances is the molecule prepared by Wasielewski and 

coworkers110, 111 shown below. This system is one of the first to demonstrate sin-

gle exponential emission lifetimes characteristic of systems having an unambigu-
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ous donor-acceptor separation distance. This allows quantitative determination 

of kET and allows investigation of solvent and exothermicity effects. The quinones 

are linked to the porphyrin via a rigid triptycyllinker which has only limited rota

tional flexibility about the single bond at the porphyrin meso-carbon (the barrier 

to phenyl rotation in tetra phenyl porphyrins is ......, 18 kcal/mole) .112 Three different 

porphyrin-quinones were prepared with the acceptor ranging from benzoquinone 

to anthraquinone, allowing the investigation of exothermicity effects over a driving 

force range of 0.45 e V. Electron transfer occurs from the photoexcited porphyrin 

singlet to the quinone with kET as high as 2.5x10 11 s- 1 in some cases. Measure

ments of fluorescence lifetimes for the three compounds in both the free-base and 

zinc-porphyrin allowed determination of the forward driving force for this system. 

In addition, transient spectroscopy was employed to quantitate the rates of back 

transfer, i.e., from the non-emissive p+.q-· state returning to ground state prod

ucts for the same series. The kET values determined are shown in Figure 2, plotted 

as a function of the driving force for the reaction (P* Q ----+- p+·q-· plotted as •, 

p+.q-· ~ P-Q plotted as •). 

A number of points may cloud the apparent observation of the long-sought 

demostration of a decrease in kET with increasing exothermicity for photoinduced 

transfer originally proposed by Marcus62 some 30 years ago. In particular, the 

authors propose that the exothermicity of the electron transfer reaction can be al

tered by a change in the solvent. The only redox values experimentally measured 

were for the isolated chromophores in butyronitrile. The values for toluene were 

calculated based on the method of Weller113 for estimating the .6.G0 by a change 
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Figure 2. Photoinduced electron transfer rates in porphyrin-triptycyl-qui-

nones: effect of exothermicity. 
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in the solvent polarity. This procedure requires a number of basic assumptions, 

namely that the chromophores can be reasonably approximated by point charges 

in a spherical solvent cavity. While this method has proven successful with a 

number of small molecules, the large delocalized porphyrin cation is not likely to 

be as dramatically affected by changes in the solvent polarity as the more local

ized systems conventionally treated with the Weller method. Classical Marcus 

theory clearly predicts an increase in .-\ 0 with increases in solvent polarity, thus 

only compounds within a given solvent can readily be compared. In addition to 

the changes in solvent, one notices that both free-base and zinc derivatives are 

presented. To include these data within a reaction series, one would be forced to 

accept a constant degree of vibronic coupling for both metallo and free base deriva

tives. The comparison of the forward transfers (P•Q ~ p+.q-·) is undoubtedly 

a different reaction series than the reverse reaction in which a CT state returns 

to the neutral ground state species. Recent theoretical calculations114 proposed 

different distance dependencies for Tab with changes in the energy of the transfer

ring state, as is the case for forward and back transfers. As a result, the forward 

and back transfers cannot be considered as part of the same Marcus plot (note 

the curves connecting the data are not, and should not be connected). Within the 

series, however, the choice of acceptors of varying aromaticity may well call the 

homology of the reaction series into question. One is left to wonder whether the 

slowness of the back electron transfer from, for example ZnTPP+· AQ-· returning 

to ground state, merely reflects the increased delocalization of the anthraquinone 

anion stabilizing the CT state. While this system has some clear advantages over 
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previous flexibly coupled donors and acceptors, a number of questions remain as 

to the applicability of the Weller treatment to porphyrin systems, and to the ho

mology of the reaction series. Similar problems exist for data interpretation in a 

recently reported system claiming to observe the inverted region for photoinduced 

electron transfer in a capped porphyrin-acceptor.91 Again, changes in the solvent 

polarity were employed to alter the reaction driving force. This system has already 

been demonstrated to have conformational problems in which the quinone oxygen 

was shown to provide a fifth ligand to the metallo-porphyrin. 89 , 90 

A donor-acceptor system rigidly incorporating a rigid steroid spacer is shown 

below. The electron transfer in this system was studied by pulse radiolysis. 115 , 116 

The compounds were dissolved in methyltetrahydrofuran and subjected to a high 

energy pulse of electrons. Secondary electrons are then trapped on both the 

biphenyl and acceptor ends of the molecule with equal probability. The transfer 

of the electron from the biphenyl anion to the various acceptors can be followed 

spectroscopically. After correction for intermolecular events, kET for the reaction 

can be quantitated. By studying various acceptors kET can be investigated as a 

function of ~Go (Figure 3). This is the best evidence to date for the existence 

of the inverted region. The question of reaction homology does appear to remain 

in the series, however. One notices the acceptors are all fused aromatics on the 

"normal" region, and quinones comprise the acceptors on the inverted side. Irre

spective of whether these two classes of compounds are homologous, analysis of the 

quinone data alone clearly shows a one order of magnitude decrease in kET with 

increasing exothermicity. The data also points to the disturbing possibility that 
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very high driving force reactions ( "'2 e V) may need to be considered to observe 

the inverted region in this particular case. Clear evidence of the inverted region 

remains to be demonstrated for photoinduced transfers. 

Following publication of the current research, 117 work by Bolton and cowork

ers examined solvent effects in linked porphyrin-quinones characterized by moder

ate85 to maximal118 control of donor-acceptor separation distance, and indicated 

correlations of kET with the solvent index of refraction. Results from these stud

ies will be discussed in comparison with this research later in this manuscript. 

Other notable systems investigating distance dependencies include electron trans

fer through aromatic spacers, 119 inorganic systems incorporating distance changes 

through dithiospirocyclobutane oligomers, 120 peptide linkers, 121 and protein based 

systems.122-131 

Triad Systems 

Recently, systems have been prepared 132-134 to investigate methods of con

trolling back transfer rates through the use of a molecular triad approach. Two 

such systems are shown below. These systems clearly demonstrate the effec

tiveness of this strategy which results in significant stabilization of the charge

separated state and high yield (reT == 2.5 J.lSec, <I>cT "'70% for IV) .133 Similar 

studies on V demonstrated an enhanced yield of the CT state with added elec

trolyte, increasing the yield from 4% to 25%, and the authors suggest that charged 

sites in the protein backbone of the RCs may be responsible for optimizing for

ward electron transfers. 134 This proposal will be directly addressed as refinements 

in the RC crystal structure discussed previously become available. 49, 50 These re-
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Figure 4b. Carotenoid-porphyrin-quinone.134 
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suits imply that carefully constructed systems will ultimately be capable of efficient 

photoinduced electron transfer, allowing the storage of most of the incident pho

ton energy in the charge-separated state (1.39 eV of the 1.95 eV excitation in IV, 

> 1 e V of the 1.8 e V excitation in V). The carotenoid-porphyrin-quinone system 

V demonstrates the added advantage of an inherent mechanism for protection 

of the system from singlet oxygen. The carotenoid component of the molecule 

has been shown to be capable of rapidly quenching the porphyrin triplet state 

by energy transfer such that the yield of singlet oxygen in the presence of the 

carotenoid is substantially reduced. 135 This photoprotection mechanism is im

portant in vivo, 136 , 137 and will certainly be important for synthetic sytems to 

minimize the deletarious effects of such a reactive species. This type_ of system 

appears to be an effective prototype for a robust synthetic light harvesting system. 

A derivative of V has been shown to be effective for photoexcited transmembrane 

electron transfer, providing light-driven catalysis of the thermodynamically spon

taneous oxidation of ascorbate by ferricyanide ion via electron transfer through a 

bilayer lipid membrane. 138 The remaining problems to be overcome include the 

ability to utilize the energy stored in the CT state to drive nonspontaneous chem

ical reactions. 

Experimental Goals 

The goals of this research are the design and synthesis of molecular models 

which allow the investigation of such key electron transfer parameters as (a) dis

tance (b) solvent (c) temperature and (d) exothermicity. A successful intramolec

ular system will link the donor and acceptor such that minimal chromophore inter-
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actions are present to allow individual parameters to be examined with minimal 

electronic perturbations. 
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Chapter 3 

Synthesis 
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Design and Synthesis of Rigidly Linked Porphyrin-Quinones 

The progress in understanding the enormous success of the photosynthetic 

unit will undoubtedly be aided by an increased understanding of the fundamen

tal parameters which control electron transfer reactions in general. Intramolecular 

systems offer distinct advantages to their intermolecular counterparts if unambigu

ous control of aspects such as donor-acceptor separation distance can be achieved 

by rational synthetic design. Further insights may well be gained in investigations 

employing chromophores of direct analogy to photosynthetic RCs. The porphyrin 

chromophore, of which the natural photosynthetic chromophores are directly re

lated, offers numerous experimental advantages over other donor systems. Not 

the least of these are the numerous synthetic routes which have been developed 

over the last century. 139 The large delocalized nature of the porphyrin aromatic 

system is expected to contribute negligibly to the total reorganization energy ( ..\) 

coupled to the electron transfer due to minimal bond length changes associated 

with oxidation of the porphyrin ring system. 140 Other experimental advantages 

include large absorption extinction coefficients, and respectable emission quantum 

yields, facilitating spectroscopic investigations at the low concentrations required 

to minimize intermolecular events. The porphyrin ring system is an extremely 

versatile chelator, and virtually every element in the periodic table has been coor

dinated in the central core, 141 allowing extreme flexiblity for the choice of donor 
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characteristics. The quinone acceptor was chosen for its importance in the biolog

ical realm as the ultimate acceptor in the photosynthetic units. Additionally, the 

reduction potential of the quinone is readily tunable by synthetic introduction of 

various substituents. 

The choice of an intramolecular donor-acceptor target was an effort to avoid 

many of the complications of intermolecular systems previously discussed in Chap

ter 2. The inadequate success of flexibly coupled intramolecular systems for com

parison with theory prompted our initial efforts for incorporation of a spacer unit 

having the characteristics of minimal flexibility and an incremental nature. The 

bicyclo[2.2.2]octane unit appeared to be the ideal linking unit. Extensive study of 

energy transfer in systems linked by one and two bicyclo[2.2.2]octyllinkers142- 144 

suggested this molecular unit would be ideally suited for investigations of photoin

duced electron transfer. The hydrocarbon nature of this linker would additionally 

offer the advantages of high chemical stability and superior "insulating" character

istics to minimize direct interactions of the donor and acceptor chromophores. The 

requirement of minimal chromophore interaction is important for maximal rele

vancy to photosynthetic RCs where the key chromophqres are separated by large 

( -10 A) distances.49 The symmetrical nature of the bicyclo[2.2.2]octane unit is 

highly advantagous in the preparation of oligomers of this linker. The colinear 

arrangement of single bonds attached to the bridgehead carbons insures identical 

geometrical orientations between chromophores as a function of repeating linker 

units in the absence of rotomeric effects. 

The synthetic targets for the study of electron transfer are shown below and 
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consist of an octaalkyl porphyrin linked to a para-benzoquinone via zero, one, or 

two bicyclo(2.2.2]octyl linking units. The bicyclo[2.2.2]octane was chosen as the 

molecular ruler for investigation of incremental 4 A changes (per linker unit) in 

distance on the electron transfer from the photoexcited porphyrin to the quinone. 

The design and synthesis of the single bicyclo[2.2.2]octane linked system was cham

pioned by A.D. Joran, and full characterization of this compound can he found 

elsewhere. 145 The zero and two linker homologs are described herein. 

The octaalkyl porphyrin unit was chosen largely for its superior excited state 

energetics and reasonable synthetic achievability. While a statistical synthetic 

approach is feasible, in which the requisite bicyclo[2.2.2]octyl substituted ben

zaldehyde, benzaldehyde (or tolylaldehyde), and pyrrole are combined to yield a 

tetraphenyl porphyrin analog, the generally low yields for this reaction prompted 

the alternative synthetic approach used here. Tetraphenyl porphyrins have the 

added disadvantage of a higher oxidation potential and lower singlet excitation 

energies 141 which could hamper investigations of highly exothermic reactions for 

probing the existence of the inverted region for photoinduced electron transfers. 

Initial targets in this research were aimed at direct coupling of the bicy

clo[2.2.2]octyl unit to the porphyrin ring, and are briefly described here for the 

benefit of future workers in the field. The steric constraints at the meso-position 

of the porphyrin thwarted several alternative approaches to such a direct cou

pling. The statistical approach described above in which a bicyclo[2.2.2]octane 

substituted at the bridgehead carbon with an aldehyde functionality proved un

successful at competing with the more reactive benzaldehyde reagent, resulting in 
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the exclusive isolation of tetraphenyl porphyrin. Even the reaction of this alde

hydic bicyclo(2.2.2]octane, pyrrole, and the substantially less reactive aliphatic 

butyraldehyde resulted only in the isolation tetra-propyl porphyrin and no evi

dence for incorporation of the bicyclo(2.2 .. 2]octyllinker unit. Numerous alternative 

approaches via synthesis of bicyclo(2.2.2]octyl substituted dipyrrylmethanes were 

also unsuccessful. 145 It is noteworthy that no porphyrins with tertiary substituents 

at the meso--position have been reported in the literature either natural or syn

thetic. A closely related porphodimethene structure has been reported 146 which 

could not be oxidized to the corresponding porphyrin, presumably due to the steric 

bulk of the meso--tert-butyl groups. 

The first system successfully prepared in this research 145 incorporated a phenyl 

spacer unit to reduce steric constraints at the porphyrin meso--position. The gen

eral synthetic approach 147 involves the preparation of a substituted benzaldehyde 

derivative for condensation with a tetra-pyrrolic ac-biladiene148 (see below). The 

condensation of aromatic and aliphatic aldehydes with ac-biladienes had been 

shown to give reasonable yields of meso--substituted porphyrins 149 and suggested 

this approach would be viable. 

While the presence of the phenyl ring results in an ambiguous coupling with 

the porphyrin tr-system, it has been held constant throughout the series and will 

allow the investigation of the incremental distance effects on electron transfer 

irrespective of this complication. It should be noted that although the phenyl 

ring is presented coplanar with the porphyrin ring in Figure 1, it is quite rigidly 

perpendicular to the 1r-system due to the presence of the flanking methyl groups. 
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Figure 1. Porphyrin-quinone series for investigation of incremental distance 

effects on electron transfer rates. Edge-to-edge separation distances (based on 

Dreiding models) are 6, 10, and 14 A for 1-3, respectively. 
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The barrier to phenyl rotation in tetra phenyl porphyrins ranges from I"J 18 kcal/mol 

in the absence of flanking groups at the {3 positions of the pyrrole rings, 112 to ~26 

kcal/mol for ortho substituted meso-phenyl groups, 150 and is expected to be a 

very large barrier in the systems under investigation here. The only rotational 

freedom of the meso-phenyl ring in the compounds under investigation here is a 

"wobble" frequency of undetermined magnitude. 

The synthesis of the requisite bibicyclo[2.2.2]octane precursor is shown in 

Scheme I. The first six steps were known and are a modification of the original ap

proach used by Brown. 151 Minor modifications of the original procedure included 

the use of an alternative decarboxylation procedure152 for substantially increased 

yields of olefin 9. The synthesis of compounds 12-16 followed the original pro

cedures of Zimmerman, et al. 142 ' 143 The conversion of 16 to the required bibi

cyclo[2.2.2]octyl benzaldehyde derivative 20 (Scheme II) represent new chemistry 

and full characterization of the intermediates can be found in Chapter 7. 

Heterofunctionality of the bicyclo[2.2.2]octyl unit is achieved by reaction of 

the key diiodobicyclo[2.2.2]octyl derivative 11 with one equivalent of silver acetate. 

Subsequent steps in the synthesis exploit the reaction characteristics of the differ

entiated ends of the bicyclo[2.2.2]octane unit. A key step in the reaction scheme 

is the conversion of the dimethoxy-bibicyclo[2.2.2]octyl derivative 15 to the iodo

alcohol derivative 16. This is a curiously successful reaction that presumably is 

a consequence of the differing solubility characteristics of the dimethoxy-bibicy

clo[2.2.2]octane starting material and the iodo-alcohol product in the benzene-HI 

emulsion as originally proposed by Zimmerman, et al. 143 This reaction was un-
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Scheme I. Synthesis of bibicyclo[2.2.2]octyl precursors. 

Notes for Scheme I: a) Li/NH3. b) Maleic anhydride, CHC13, ~. c) H2, Pd 

catalyst. d) H20, 1,2 dimethoxyethane, ~. e) Cu20, 2, 2' dipyridyl, quinoline, 

~-· f) 57% HI, ~. g) AgOAc, HOAc, ~. h) KOH, EtOH, ~. i) CH3I, NaH, 1,2 

dimethoxyethane. j) Mg, Et20, NiCh, ~. k) CsHs, HI, ~. 
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Scheme II. Synthesis of bibicyclo[2.2.2]octyl substituted benzaldehyde 20. 

Notes for Scheme II: a) CsHs, BFa, p-TsOH, tl.. b) Fe, Br2, CC14 , tl.. c) 

Dimethoxybenzene, 1,2 dichloroethane, AlBra, tl.. d) n-BuLi, THF, -78° C. e) 

DMF, -78° C. 
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Scheme III. Synthesis of biphenyl aldehyde 24. 

Notes for Scheme III: a) KBr, EtOH, H2S04, H202, A. b) Ethylene glycol, p

TsOH, toluene, azeotrope. c) Mg, THF, Ni(P03)2Ch, A. d) H+, A. 
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successful on the single bicyclo[2.2.2]octane derivative in our hands, but prepa

ration of the diiodo derivative 11 was achieved by treatment of 10 with 57% HI 

at elevated temperatures. The iodo-alcohol derivative 16 could likely have been 

prepared analogously to the single linker derivative by conversion of dimethoxy

bibicyclo[2.2.2]octyl derivative 15 to a diiodo derivative and subsequent treatment 

with silver acetate, but the pioneering work by Zimmerman 143 resulted in a savings 

of two steps in the synthetic sequence. 

Subsequent steps make extensive use of Friedel-Crafts chemistry to sequen

tially functionalize the ends of the bibicyclo[2.2.2]octyllinker with the phenyl and 

dimethoxybenzene groups (Scheme II). The dimethoxybenzene group selected as 

a robust protecting group readily transformed to the quinone functionality. While 

the current synthetic sequence involves a Friedel-Crafts alkylation of dimethoxy

benzene by the bromo-bibicyclo[2.2.2]octyl derivative 18 using aluminum bro

mide as the catalyst, it is generally preferable to use the superior BF 3 catalyzed 

alkylation using bridgehead alcohol derivatives when available. Conversion of the 

bridgehead bromide to the alcohol proved troublesome, and the current synthetic 

sequence relies on the less superior aluminum bromide catalyzed alkylation. Con

version of the bromophenyl derivative 19 to the required benzaldehyde derivative 

20 was achieved by standard metal-halogen exchange conditions and formylation 

with N,N-dimethylformamide. 153 

Initial synthetic efforts examined the possibility of cross-coupling reactions 

involving Grignard reagents or organolithiums to couple the bicyclo[2.2.2]octyl 

unit to aromatic residues following the procedures of Kumada, et al. 154 If a sue-
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cessful coupling had been achieved, this :may have allowed a direct coupling of the 

bicyclo(2.2.2]octyl unit to the porphyrin (e.g., at a (3 position as opposed to the 

meso-carbon). This organometallic coupling procedure was demonstrated to be 

extremely efficient for coupling aromatics with alkenyl reactants or other aromat

ics, but the coupling of tertiary reagents enjoyed considerably less success. Further 

refinements in the Friedel-Crafts reaction conditions and successes in the prepara

tion of the meso-phenyl porphyrins led to the abandonment of this approach. The 

organometallic coupling techniques were successfully employed in the preparation 

of the biphenyl aldehyde intermediate 24 for the preparation of 1, however, and 

the synthetic route is shown in Scheme III. 

The highly convergent syntheses of compounds 1-3 make use of a modified 

Woodward 155 approach to synthesize the key ac-biladiene used in the synthesis. 

The full synthesis is shown in Scheme IV. Significant synthetic improvements on 

the original literature procedures were accomplished by A.D. Joran, resulting in a 

high yielding route which is discussed in detail elsewhere. 145 

The final step in the synthesis is the condensation of the benzaldehyde deriva

tives with the ac-biladiene (Scheme V). The biladiene has only limited stability 

and was never stored for long periods of time. The best results were obtained by 

preparation of the biladiene immediately before condensation with the benzalde

hyde derivatives (e.g., 20 or 24) and discarding any unused material. The bila

diene condensation is a general reaction for the preparation of meso-substituted 

porphyrins 149 and resulted a highly convergent overall synthesis. Solubility prob

lems in the his-linker series resulted in substantially reduced, but tolerable yields 
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Notes for Scheme IV: a) NaH, DMSO, Et20. b) Sodium bis(methoxyethoxy)alu-

minumhydride, toluene, 25°. c) HCl, H20. d) DMF, benzoyl chloride. e) Sodium 

carbonate, H20. f) Ethyl cyanoacetoacetate, diethylamine, benzene, azeotrope. 

g) CH3 I, K2C03 , ~- h) t-Butyl acetate, sodium nitrite, acetic acid -t Zn, ~-

i) DMF, benzoyl chloride. j) Ammonium hydroxide. k) Ethyl cyanoacetoacetate, 

diethylamine, benzene. 1) S02Cl2, CH2Cb. m) SnCl4. n) HCl, H20. o) NaOH, 

MeOH, ~. p) HBr, MeOH, ~. 
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Scheme V. Synthesis of porphyrin-bibicyclo[2.2.2]octyl-quinone 3. 

Notes for Scheme V: a) HBr, HOAc, MeOH, ~'air. b) NaHC03 . c) BI3 , CH2Ch. 

d) Zn(OAc)2•2H20, MeOH, CH2Ch e) Pb02, CH2Ch. 
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of the his-linked porphyrin derivative 3 compared to the zero or mono-linked 

compounds. 

Flash chromatographic purification 156 of the porphyrin was employed to sep

arate unreacted aldehyde (recovered as the dimethylacetal), and biladiene starting 

materials, as well as bilatriene and corrole (from oxidative closure of the biladi

ene) side products. The methyl ethers were then deprotected with boron triiodide 

to yield the porphyrin-hydroquinone. Boron triiodide157 proved superior to the 

earlier reaction conditions employing boron tribromide due to increased yields and 

reduced reaction times. Generally 25-50 equivalents of a freshly-prepared solu

tion of BI3 in dry methylene chloride were required for complete deprotection. The 

use of BBr3 usually required at least 100 equivalents and a 12-hour reaction time, 

and was accompanied by increased porphyrin degradation and lower overall yields. 

The porphyrin-hydroquinone was metallated by standard metallation conditions 

(Zn(OAc)2•2H20/CH30H/CH2Cb), oxidized to the quinone with lead dioxide in 

CH2 Cl2, and subjected to the final purification by flash chromatography to yield 

the zinc metallo-porphyrin-quinones 1-3. 

Synthesis of Porphyrin-Qu£nones for Exothermic£ty Investigations 

To investigate the dependence of kET on reaction exothermicity (~Go ) a se

ries of porphyrin-quinones were prepared by the general route described in detail 

above and elsewhere. 145 Dynamic fluorescence lifetime measurements (discussed 

in Chapter 5) revealed that the single bicyclo[2.2.2]octyl linked derivative exhib

ited a highly quenched emission lifetime corresponding to a fast electron transfer 
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Figure 2. Synthetic porphyrin-quinones for investigation of exothermicity 

effects on photoinduced electron transfer rates. 
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deactivation pathway which can effectively compete with the natural deactiva

tion pathways for the porphyrin excited singlet. A series of derivatives based on 

the single bicyclo(2.2.2]octyl linked compound was then designed to probe the 

changes in kET as a function of of reaction exothermicity. The complete series 

of porphyrin-quinones are shown in Figure 2. To minimize ambiguities in reac

tion series homology, our goal was to maintain the p-benzoquinone functionality 

throughout the series. Reasonable modulation of the quinone reduction potential 

was achievable by preparation of variously substituted quinones. The derivatives 

synthesized were mono- or di-subsituted p-benzoquinones, with substitutents of 

methyl, halogen, or cyano groups. The structurally homologous series was prepared 

by modifications to the highly general route discussed above. The key intermedi

ates required in all cases were the bicyclo(2.2.2)octyl substituted benzaldehydes. 

The methyl-, dimethyl- and cyano-quinone, and unsubstituted derivatives (38, 

39, 44, and 2 or 40, respectively) were prepared by A.D. Joran and are described 

elsewhere. 145 

The synthesis of the bromo-derivative is shown in Scheme VI. The start

ing material for the sequence was the key benzaldehyde intermediate used in the 

preparation of 2. 145 Bromination of this material was accomplished by treatment 

of the aldehyde with bromine in the absence of light. The electrophylic bromi

nation of the dimethoxybenzene group of the molecule proceeded quantitatively. 

NMR analysis of the product indicated the bromine was exclusively para to the 

bicyclo[2.2.2]octyllinker. The purified aldehyde was then condensed with the ac

biladiene to generate the porphyrin-bromodimethoxybenzenederivative. Standard 
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ieprotection, metallation, and oxidation conditions yielded the porphyrin-bicy

:lo[2.2.2]octyl-bromoquinone 41. 

The chloro-derivatives were prepared in a slight modification of the above 

5equence. Extensive investigations encountered substantial difficulties in regioiso

rneric control of the direct chlorination of tert-butyl-2,5-dimethoxybenzene as a 

model compound. 158 Exhaustive chlorination in an effort to prepare a tri-choro 

derivative was also unsuccessful. Presumably the position a to the tert-butyl was 

protected by the steric bulk of this group. An alternate procedure used in the 

preparation of the chloro-quinone derivatives in a synthetic steriod system 115 

was investigated. 148 Addition of HCl to methyl-2,5-benzoquinone as a model 

compound indicated that maximal control of the regiqchemistry of the addition 

was possible with tetrahydrofuran as the reaction solvent. Previous investiga

tions in the literature159 suggested minimal regiocontrol with other reaction sol

vents. Analysis of the HCl addition product to methyl-benzoquinone indicated 

that the chlorine was quantitatively incorporated para to the methyl group within 

the NMR detection limits. This approach appeared to offer the distinct advan

tage of sequential chlorination of the quinone functionality. This high degree of 

regioselectivity could not be reproduced under identical reaction conditions with 

the bicyclo[2.2.2]octyl derivative, however, resulting in the isolation of a 3:2 ra

tio of the para- to meta-chloro derivatives. While this may change the vibronics 

governing the electron transfer for this derivative, it was included in the series for 

direct comparison with the bromo-derivative discussed above. Consistent with the 

model chlorinations, conversion of the monochloro to the dichloro derivative was 



-62-

CHO OMe 

a 
OHC Br 

OMe 

OH 

MeO 
c b 

OHC 

45 OH 47 
OMe 

CHO CHO CHO CHO 

d c d 

0 HO 0 

0 OH 0 OH 
Cl Cl 

48 49 50 Cl 51 

F 

Scheme VI. Synthesis of benzaldehyde derivatives for modified quinone com-

pounds. 

Notes for Scheme VI: a) Br2, 1,2-dichloroethane, 0°C. b) BI3, CH2Cl2, ooc. c) 
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Scheme VII. Synthesis of modified porphyrin-bicyclo[2.2.2]octyl-quinones. 

Notes for Scheme VII: R 1 = -Me, R2 = -Br, R3 = -H. R1 = R3 = -H, R 2= 

-Cl. R1 = -H, R2 = R3 = -Cl. 
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straightforward, and no evidence for scrambling of the chlorine between the two 

remaining ring positions was observed. The full synthetic approach is outlined in 

Scheme VI and VII. 

Electronic Spectra 

The absorption spectra of several of the metallo and free-base porphyrin 

derivatives are presented in Figures 3-13. The spectrum of the [5-(p-tert-butyl

phenyl)-2, 3, 7, 8, 12, 13, 17, 18-octamethylporphyrinato] zinc(II) reference com

pound 145 (ZnPt Bu) is shown in Figure 8 for comparison with the quinone-linked 

compounds. The spectra are well described by the sum of the individual chro

mophores and indicate minimal interactions between the porphyrin and the qui

none. A possible exception may be the directly linked quinone derivative shown in 

Figure 3. The visible bands of the porphyrin appear to have slightly broadened and 

may indicate some interaction is possible in the absence of the bicyclo[2.2.2]octyl 

linker. If the meso-pheny 1 ring is not rigidly perpendicular to the porphyrin 7r

system, it will no longer act as a a-insulating framework, and direct interactions 

through the 1r-system may well be possible. The changes in the visible bands for· 

this compound are considerably weaker than those observed for a directly coupled 

(i.e., lacking the phenylbicyclo[2.2.2]octyl unit) quinone system prepared by A.D. 

Joran 145 which demonstrated dramatic broadening of the porphyrin visible bands. 

The porphyrin-quinones incorporating the bicyclo[2.2.2]octyllinker(s) are free of 

this behavior, and the spectra are virtually superimposable, with the exception of 

the UV band at approximately 250 nm attributed to the quinone absorption. The 
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Figure 3. Electronic spectrum of ZnPOQ in CHC13 • 
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Figure 8. Electronic spectrum of ZnPt Bu in CHCb. 



18 

15 

12 

~ 

E u 
~ 

~ 9 1[')-

b 
)( 

\J) 

6 

300 400 

- 71 -

C\J 
0 
L{') 

500 

(.!) 
r(') 
L{') 

WAVELENGTH (nm) 

~ 
L{') 

600 

Figure 9. Electronic spectrum of H2Pt Bu in CHC13 . 

18 

15 

12 

'E 
u 

I 

9 ~ -rt"> 

b 
)( 

\V 

3 

700 



- 72 -

~ 
15 

27 

24 12 

21 

C\J 
0 
~ 

9 
I "'7" 
E E 

u _u 

~ 
I 

6 -~ (.!) ~ 
I rn 0 b 0 L() 1'-

L() 
)( )( 

6 
\U \J.) 

~ 3 
C\J 
(.!) 

300 4CX) 500 600 700 

WAVELENGTH ~m) 

Figure 10. Electronic spectrum of H2PODMB in CHC13 • 



18 

15 

12 

'E 
u 

~ 9 
10 

I 

Q 
)( 

\U 

6 

3 

300 

L[) 

N 
0 
~ 

400 

-73-

500 

WAVELENGTH (nm) 

L[) 

(.() 
rn 
L[) 

I'-
L[) 

Figure 11. Electronic spectrum of H2P2DMB in CHC13 . 

18 

15 

12 

-I 
E 
u 

I 

9 ~ -!"') 
b 
)( 

\U 

6 

3 

700 



-74-

30 

25 

20 

~E 
(.) 

I E 
u ~ 15 I 

~ ~ I 

0 ~ 

)( 2.0 0 
\LJ 

~ 
)( 

~ \V 10 1.5 

1.0 

5 

0.5 

300 400 500 600 700 

WAVELENGTH (nm) 

Figure 12. Electronic spectrum of PtPt Bu in CHC13 . 



-75-

35 

L[') 

30 rri 
OJ 
!<) 

5.5 

25 5.0 
,..._ 
!<) 
L[') 

- 4.0 
~E 

'E u 
'7 3.5 u 
~ I 

~ ~ Q 3.0 ~ 
I 

X 0 
\U 2.5 x 

\I) 

10 2.0 
~ 
0 
I[) 1.5 

5 1.0 

0.5 

300 500 700 

WAVELENGTH (nm) 

Figure 13. Electronic spectrum of PtP2DMB in CHC13 . 



-76-

minor wavelength changes in this band can be directly attributed to the changes in 

the quinone substituents. Not shown are the effects of increases in solvent polarity 

on the absorption bands in which shifts to longer wavelengths are observed, in

dicative of the 1r-1r• nature of the transitions. These effects are fully documented 

elsewhere. 145 

Nuclear Magnetic Resonance Spectra 

Representative 1 H NMR spectra are shown in Figure 14-18 for the zinc metal

loporphyrins 1, 3, and 41-43. The spectra demonstrate the high symmetry in the 

structures, and the large anisotropic porphyrin and phenyl ring currents spread the 

proton resonances over a full 10 ppm. The porphyrin meso-protons are observed 

at --10 ppm in a 2:1 ratio. The meso-proton opposite the meso-phenyl substituent 

is shifted upfield from the remaining two meso-protons which has been attributed 

to a buckling of the porphyrin macrocycle induced by increased steric bulk at 

the meso position. 160 The AA'BB' pattern of the meso-phenyl substituent is ob

servable centered at --7.9 ppm in the bicyclo[2.2.2]octyl substituted derivatives, 

and downfield in compound 1 which lacks the bicyclo[2.2.2]octyl linker unit. The 

quinone resonances are observed in their normal region for isolated quinones (6.8-

7.4 ppm) and indicated little perturbation by the porphyrin situated some 10 A 

away (edge-to-edge). The methyl groups on the porphyrin ring are located at --3.6 

ppm with the exception of the set of methyl groups which flank the meso-phenyl 

group which are shifted upfie_ld to 2.5 ppm due to close proximity to the phenyl ring 

currents. The AA'BB' doublet of multiplets for the linker protons are observed 
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.n the 2-2.4 ppm region indicative of the quinone oxidation state. The hydro

:J.Uinone and dimethoxybenzene derivatives of the singly linked bicyclo[2.2.2]octyl 

porphyrin compounds exhibit a broad singlet for the linker protons. 145 This behav

lor is not observed in the bibicyclo(2.2.2]octyllinked derivative 3, where a quartet 

of multiplets for the four sets of linker protons are observed for all of the porphyrin 

derivatives (e.g., Figure 19). 

The bromo-quinone derivative 41 (Figure 16) shows two lone singlets for the 

quinone protons consistent with the assignment of the bromine para to the bicy

clo[2.2.2]octyl linker. The spectrum shown is from a repurified sample that had 

been stored for >6 months in the dark, yet the integration of the quinone peaks 

is clearly not the expected 1:1 pattern a~ is observed in freshly prepared material. 

This compound should be routinely oxidized to the quinone immediately prior to 

use, as was the case in the photochemical investigations, to minimize problems 

with possible addition-elimination reactions at the bromo-quinone functionality. 

The monochloro-quinone derivative 42 (Figure 17) shows the quinone pattern 

expected for the mixture of regioisomers discussed above. The dichloro-quinone 

derivative 43 (Figure 18) also shows the expected lone singlet for the quinone 

proton resonance. Finally in Figure 19 a spectrum of the platinum derivative of 

the his-linked dimethoxybenzene derivative 60 is shown. Note the differences in 

the shifts of the meso-protons compared to the zinc metallo derivatives (Figures 

14-18). The only new proton resonances compared to the compounds discussed 

above are the two methoxy groups observed at ""'3.8 ppm. All four sets of linker 

protons can be observed in the 1.5-2.2 ppm region after treatment of the sample 
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with D2 0 to reduce the water peak which obscures this region. 195Pt-1 H couplings 

of 10-15Hz have been observed 161 , 162 in platinum porphyrins, but were probably 

not observed here due to the poor signal to noise of the spectrum as a result of 

the limited solubility of this derivative. 

The 1 H NMR data confirm the expected molecular structures. Full char

acterization of these derivatives and all synthetic intermediates can be found in 

Chapter 7. 
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Figure 14. 400MHz 1H NMR spectrum of ZnPOQ in CD2 CI2 • 
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Figure 15. 400MHz 1H NMR spectrum of ZnP2Q in CD2Cl2. 



-81-

z; 

~ 

....., 

~ 

? 
~ 

) 
~ 

> 

l 

Figure 16. 400MHz 1H NMR spectrum of ZnPlQBr in CD 2 Cl2 • 
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Figure 17. 400MHz 1H NMR spectrum of ZnPlQCJ in CD2 Cl
2

• 
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Figure 18. 400MHz 1H NMR spectrum of ZnP1QC12 in CD2 Ch. 
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Figure 19. 400MHz 1H NMR spectrum of Pt2DMB in CDCI3 /D 2 0. 
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Chapter 4 

Steady-State Methods 
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Steady-State Fluorescence Spectroscopy 

Preliminary studies of the porphyrin-quinones 1-3 designed to probe the in

cremental distance effects on kET were undertaken by investigation of the fluores

cence emission behavior of the compounds. Steady-state comparisons between the 

three quinone substituted porphyrins and a reference porphyrin are discussed here. 

The reference porphyrin chosen was that of a meso-(p-tert-butylphenyl)octame

thyl-porphyrin (H2 Pt Bu or ZnPt Bu) prepared via the general synthetic scheme 

discussed in Chapter 3. Full characterization of this material can be found in ref

erence 145. The kinetic scheme for the deactivation of the photoexcited porphyrin 

is shown in Scheme I. The reference porphyrin provides the critical data for all the 

normal deactivation processes in the particular porphyrin skeleton under study. 

Investigation of the emission characteristics of the compounds 1-3 relative to the 

reference porphyrin will provide extraction of the electron transfer rate constant. 

Superimposed fluorescence emission spectra of the quinone linked derivatives 

1-3 and the reference porphyrin are shown in Figure 1 for the zinc metallo

porphyrin derivatives. Clearly there is a substantial effect on the emission in

tensity relative to the reference porphyrin for the quinone linked derivatives as 

a function of porphyrin-quinone separation distance. Significantly, however, the 

fluorescence emission wavelengths for the bicyclo[2.2.2]octyllinked derivatives are 

unperturbed by the presence of the quinone and only the fluorescence yield is af-
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PLQ 

Scheme I. Photochemical kinetic scheme. 
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Figure 1. Steady-state fluorescence emission spectra of ZnPt Bu, ZnPOQ, ZnPlQ, 

ZnP2Q in benzene. 
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fected. This is in striking contrast to previous reports in the literature of flexibly 

coupled porphyrin-quinone derivatives which the emission spectra show marked 

dependence on excitation wavelength. 77 Compound 1 ( ZnPOQ) exhibits virtually 

complete deactivation of the porphyrin fluorescence. The single bicyclo[2.2.2]octyl 

linked derivative 2 (ZnPlQ) shows considerably more fluorescence than 1, but 

highly quenched relative to the reference porphyrin. The porphyrin-quinone sep

arated by two bicyclo[2.2.2]octyl linkers (ZnP2Q) exhibits a virtually identical 

emission yield as the reference ZnPt Bu. The edge-to-edge separation distances 

between the porphyrin-quinones for 1-3 are 6, 10, and 14 A, and dramatic differ

ences between the fluorescence yields of the compounds are observed. 

The inherent problems associated with a steady-state analysis include diffi

culties in obtaining exactly matched solutions of the reference porphyrin and the 

porphyrin-quinones. In addition, the only experimental discrimination of com

peting processes is based on emission or excitation wavelength, and one must 

assume that the sample is quantitatively present in the quinone oxidation state. 

The presence of any porphyrin-hydroquinone, which exhibits an identical emission 

spectrum and similar fluorescence yield as the reference porphyrin, results in an 

underestimation of the extracted kET values. While extreme care was taken to 

purify the porphyrin-quinones prior to the analyses to minimize this material, it 

is difficult to rigorously insure the samples are free of this background emissive 

component (see discussion of dynamic lifetime measurements below). 

A Stern-Volmer analysis 163 under steady-state conditions for the kinetic 

scheme of Scheme 1 in the absence of an electron transfer deactivati<?n pathway 
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leads to 

[4.1] 

[4.2] 

where Ij is the fluorescence intensity of the reference porphyrin, ro is the_ excitation 

lamp intensity, <»j is the fluorescence quantum yield, and kr, kisc, and kic are the 

rate constants for fluorescence, intersystem crossing, and non-radiative internal 

conversion, respectively. For the porphyrin-quinone compounds, 

[4.3] 

where If is the fluorescence intensity of the quinone-linked compounds. Assum-

ing the rate constants for all other deactivation pathways are constant in the 

porphyrin-quinones relative to the reference porphyrin, and the only new deacti-

vation pathway available for the quinone derivatives is electron transfer, the ratio 

of equation [4.2] to [4.3] yields 

[4.4] 

Since 

1 
To = -:--------

(kr + kisc + kic) 
[4.5] 

where T0 is the fluorescence lifetime of the reference porphyrin, substitution into 

equation [4.4] yields 

[4.6] 
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Indep·endent measurements of T0 for the reference free-base and zinc metallo

porphyrins117 allows extraction of kET from the ratio of the fluorescence intensities 

of the quinone derivatives. The assumptions underlying this kinetic analysis in

clude that (a) the radiative and non-radiative rate constants for the reference 

porphyrin are identical to the porphyrin-quinone compounds, and (b) electron 

transfer is the sole additional deactivation pathway available to the quinone deriva

tives. Assumption (a) was the impetus for the synthesis of the reference porphyrin 

of identical skeletal framework as the porphyrin-quinones. Clearly, comparisons 

with other porphyrin skeletons would call this assumption into question or require 

that these rate constants be explicitly determined. Assumption (b) should also be 

valid at concentrations low enough to minimize intermolecular complications. The 

fluorescence intensities were found to be independent of excitation wavelength and 

concentration (10-6-10-7 M). Absorption spectra taken before and after emission 

measurements confirmed the absence of photochemical degradation. Degradation 

was observed, however, in methylene cJ:lloride and other chlorinated solvents which 

prohibited their use in these investigations. Fluorescence intensity measurements 

for solutions of the reference porphyrin and the quinone derivatives were compared 

back-to-hack to insure minimal changes in the excitation lamp intensity (I0
) dur

ing the course of the experiments. The results presented in Table I for the zinc 

and free-base porphyrin derivatives. 

The extracted kET values presented in Table I should be considered as ap

proximated values only. More quantitative determinations of the electron transfer 

rate constants will discussed in the next chapter. Qualitatively, however, a number 
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Table I. Relative fluorescence yields for H2PLQ and ZnPLQa 

Compound Solventb It /Ijc kETd 

H2POQ CsHs 0.01 6x109 

H2PlQ CsHs 0.80 1x107 

H2P2Q CsHs 0.94 4x106 

ZnPOQ CsHs 0.003 2x1011 

ZnPlQ CsH6 0.27 2x109 

ZnP2Q C6H6 0.97 2x107 

H2POQ nPrCN 0.02 3x109 

H2PlQ nPrCN 0.63 3x107 

H2P2Q nPrCN 0.90 6x106 

ZnPOQ nPrCN 0.035 2x10 10 

ZnPlQ nPrCN 0.26 2x109 

ZnP2Q nPrCN 0.95 3x107 

a where the L number indicates the number of intervening bicyclo[2.2.2]octyl 

units 

b Benzene was distilled from CaH2 prior to use. Butyronitrile was distilled from 

K2C03/KMn04 and then from P20s. 

c Fluorescence yields measured under aerobic conditions relative to the refer

ence porphyrin (see text). The estimated uncertainty in these values is ±10%. 

d Estimated values calculated from Io/I = 1 + kETTo where To (C6H6) = 
17.5x10-9 s, To (nPrCN) = 18.lx10-9 s for H2 PtBu and To (C6H6) = 1.45xlo-9 s, 

To ( nPrCN) = 1.59xlo-9 s for ZnPt Bu. 
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of trends can be obtained from these data. In all cases, an ..-.JlOO-fold increase in 

the extracted kET values are observed for the zinc metallo-porphyrin derivatives 

relative to the metal-free compounds. This is consistent with the changes in the 

oxidation potentials and singlet energies which results in an increase in exother

micity for the electron transfer reaction by ..-.J0.5 e V for the metallo-derivatives. 117 

Clear decreases in rates are observed by the addition of successive bicyclo[2.2.2]oct

yllinker units. The addition of the first linker results in a decrease in kET by one 

to two orders of magnitude. This may reflect a change in mechanism from an adi

abatic to nonadiabatic transfer. The addition of the second linker unit results in 

a further decrease in the electron transfer rate constant by at least another order 

of magnitude. It should be noted that based on the picosecond fluorescence mea

surements discussed in the following section, the rates for the his-linked system 

must be considered as upper bounds. 

The data obtained in the steady-state emission studies demonstrate that mini

mal interactions between the chromophores are possible due to the enforced spatial 

separation by the linker units as indicated by the unperturbed emission spectra 

relative to the reference porphyrin. This result is consistent. with previous dis

cussions of the NMR and absorption spectra which also indicate minimal chro

mophore interactions with the possible exception of the zero-linked compound. 

The presence of the quinone functionality has dramatically affected the fluores

cence emission yield of the porphyrin. Since energy transfer is precluded based on 

analysis of the absorption data, the additional deactivation pathway responsible 

for the observed qu~nching is presumed to be electron transfer. Modulation of the 
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exothermicity of the electron transfer reaction by comparison of zinc metallo and 

free-base porphyrins also is consistent with this proposal. Further quantitative 

determinations of kET for this series is presented in the next section. These re

sults support the design criteria for a successful intramolecular system, i.e., rigidly 

linked porphyrin-quinones held at relatively large separation distances ( 6, 10, and 

14 A edge-to-edge) can exhibit an efficient ET pathway which will allow the in

vestigation of kET as a function of the various critical parameters with minimal 

electronic perturbations. 
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Chapter 5 

Dynamic Methods 
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Picosecond Fluorescence Measurements 

The encouraging results from static emission measurements discussed in the 

previous section prompted the investigation of the time-resolved fluorescence be

havior of the rigidly linked porphyrin-quinones. While the static experiments 

could analyze the sample based on emission and excitation wavelengths , the added 

time discrimination component allows for a more quantitative investigation of the 

electron transfer rates in the series. The general approach is similar to the pre

vious studies in that the emission behavior of each of the quinone derivatives is 

directly compared to the tert-butyl reference porphyrin which lacks the electron 

transfer deactivation pathway but exhibits all other natural deactivation path

ways (fluorescence, intersystem crossing, and internal conversion). As discussed 

elsewhere, 145 ' 164 complications in the emission of the free base porphyrin due to 

the scavenging of adventitious metals as a result of the superior chelation abil

ity of the porphyrin macrocycle resulted in the focus of these studies on the zinc 

metallo-porphyrins. 

Porphyrin samples were chromatographed just prior to the picosecond fluo

rescence lifetime experiments and checked by NMR for purity. Solutions of the 

porphyrins (lo- 5-lo-7 M) in rigorously purified solvents were degassed with 4-5 

freeze-thaw degassing cycles at ::; 10-4 torr. The samples were excited with the 

output from a synchronously pumped, cavity dumped dye laser (Rhodamine 6G). 
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The laser pulses were typically f",J 15 psec in duration and the full output power 

was f",J20 mW. The samples were excited at 570 nm and the emission was observed 

at 580 and/ or 630 nm. Filtered emission was detected at a right angle to the 

excitation pulse through a monochrometer and detected with a fast photomulti

plier using time-correlated single-photon counting techniques. The overall system 

response time is largely limited by the photomultiplier rise time resulting in a 

system response of f",J40 psec. Care was taken to insure the transients observed 

are due to excited state fluorescence and not filter fluorescence. Analysis of the 

emission with a polarizer at 54.7° to the excitation polarization confirmed that 

the observed lifetimes are not due to depolarization effects and were independent 

of concentration in the range of 10-5-10-7 M. Individual fluorescence decays were 

collected on a Tracor Northern (TN-1706) digitizer and transferred to a Compaq© 

personal computer for data analysis. The system response function was obtained 

from the scattered laser excitation pulse of a colloidal solution. The fitting rou

tine deconvolutes the system response function, and allows the fit of up to three 

exponential decays. The complete source code for the analysis routine is available 

in Appendix A. No more than two exponentials (see below) were ever required to 

fit the observed decays, and the quality of the fits were excellent as judged by the 

x2 criterion, 165 which were consistently less than 1.2. A complete description of 

the experimental apparatus is available elsewhere. 166 , 167 

In all cases studied, the reference ZnPt Bu porphyrin exhibited monoexponen

tial decay kinetics. The porphyrin-quinone linked by a single bicyclo[2.2.2]octyl 

spacer (2, ZnPl Q) routinely exhibited biexponential kinetics. The lifetime of the 
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second component was similar to the reference ZnPt Bu porphyrin within the rel

atively large uncertainties in the lifetime for such a minor component, and the 

amount of this component was observed to increase in solvents which were dif

ficult to obtain rigorously dry. Control experiments 145 suggest that the second 

minor component was the porphyrin-hydroquinone derivative, most likely formed 

from the porphyrin sensitized photoreduction of the quinone. 168 Preparation of 

the porphyrin-hydroquinone via borohydride reduction of the porphyrin-quinone 

derivative and chromatographic purification resulted in a fluorescence decay en

riched in the long lifetime component with a lifetime identical to the reference 

porphyrin. 145 Since the reduction potential of the hydroquinone precludes electron 

transfer, one would expect to observe a similar lifetime as the reference compound 

which also lacks an ET deactivation pathway. The major component of the biex

ponential fit of the fluorescence emission is a highly quenched material ascribed to 

the fluorescence lifetime of the porphyrin-quinone derivative. 

Time-resolved studies on the porphyrin-quinone lacking the bicyclo[2.2.2]oc

tyl spacer unit (1, ZnPOQ) revealed an extremely weak emissive component. This 

emissive component grows in with time upon extended irradiation, and exhibited 

a lifetime similar to the reference porphyrin. The probable assignment based on 

the control experiments discussed above is that extended irradiation results in the 

conversion of a small fraction of the sample to the porphyrin-hydroquinone via por

phyrin sensitized photoreduction of the quinone 168 in the presence of adventitious 

water in the sample. This material then fluoresces with a lifetime easily detected 

by the experimental apparatus. This suggests that the fluorescence lifetime of the 
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porphyrin-quinone derivative (ZnPOQ) was less than the system response limits, 

and would require a significantly faster time base to detect emission from this 

material. The emission observed in the steady-state experiments discussed in the 

previous chapter can likely be attributed to this minor porphyrin-hydroquinone 

contaminant, and these results indicate that the electron transfer rate for this 

material is ~10 11 s- 1 , and may reflect an adiabatic limit to the transfer. 

The fluorescence decays of ZnP2Q were adequately described by single expo

nential decays. This may reflect the inability of a slow electron transfer pathway 

to compete with the other natural decay processes of the excited singlet state. For 

example, the intersystem crossing rate for zinc octaethylporphyrin (ZnOEP) has 

been reported as 4x108s- 1 . 169 If the inherent electron transfer. rate is well below 

this value, the predominant decay pathway will be via the triplet (see Scheme I, 

Chapter 4). While the observed fluorescence lifetime was always less than the 

reference ZnPt Bu porphyrin, the experimental uncertainty in these values does 

not conclusively support the assignment of a quenched lifetime, and as such only 

limits on the electron transfer rate can be ascertained for this compound. An 

alternative possibility is that the decay can be described by a biexponential decay 

(as above) with two components of very similar lifetime, and the monoexpone

tial lifetime observed is in fact the weighted average of these two lifetimes. This 

possibility would require an modified fitting algorithm which would analyze the 

lifetimes of the two components based on the results from the monoexponential 

fit. As this procedure would introduce two additional free parameters in the fit, a 

minor improvement in the x2 would not likely be significant, and the uncertainties 
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in the obtained lifetimes would still only allow limits to be placed on the derived 

kET values. Investigations of the electron transfer from the excited triplet state 

for this compound is discussed later in this chapter. 

The fluorescence decays of the ZnPt Bu, ZnPlQ, and ZnP2Q are superim-

posed for comparison in Figure 1, individual decays are shown in Figures 2-4, 

and the results are tabulated in Table I. Considering the previously presented 

kinetic scheme (Chapter 4, Scheme I), the extraction of kET from the observed 

fluorescence lifetimes is straightforward. Since 

1 
To=------

kr + kisc + kic 

1 
T= ---------------

kr + kisc + kic + kET 

the electron transfer rate constant (kET ) can be obtained from 

1 
kET = -

T 

1 

[5.1] 

[5.2] 

[5.3] 

where To and Tare the fluorescence lifetimes for the reference porphyrin (ZnPt Bu) 

and porphyrin-quinone derivatives (ZnPLQ), respectively (other rate constants as 

previously defined). 

The comparison of the mono- and his-linked porphyrin- quinones allows the 

determination of the decrease in kET with the incremental change in distance of 

4 A through the identical hydrocarbon framework. The matrix element governing 

the electron transfer is generally assumed to decrease exponentially with distance56 

resulting in a distance dependence for the electron transfer rate61 such that 

[5.4] 



- 101-

Table I. Fluorescence Lifetimes for Zinc Porphyrins 

compound solvent X~ r, nsec kET, s-1 kmono /kbis t 
ET ET 

ZnPtBu C6H6 1.02 1.47 

ZnPlQ C6H6 1.02 0.064, 1.51 (100:1) 1.5x1010 

ZnP2Q C6H6 0.93 1.45 :=;9x106 ~1700 

ZnPtBu MTHF 1.04 1.66 

ZnPlQ MTHF 1.14 0.090, 1.42 (50:1) l.Ox1010 

ZnP2Q MTHF 1.02 1.61 ::;2x107 ~500 

ZnPtBu nPrCN 1.03 1.59 

ZnPlQ nPrCN 1.16 0.120, 1.64 (10:1) 7.7x109 

ZnP2Q nPrCN 0.99 1.54 ::;2x107 ~390 

ZnPtBu CH3CN 1.03 1.62 

ZnPlQ CH3CN 0.98 0.178, 1.60 (20:1) 5.0x109 

ZnP2Q CH3CN 0.99 1.60 ::;sx106 ~630 

t Ratio of electron transfer rates for mono- (ZnPlQ) to his-linked (ZnP2Q) bicy-

clo[2.2.2]octyl porphyrin-quinones. 
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Figure 1. Time-resolved fluorescence decays of ZnPt Bu, ZnPlQ, ZnP2Q 1n 

benzene at 298K. 
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Figure 2. Monoexponential decay analysis of ZnPt Bu in benzene. 
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Figure 3. Biexponential decay analysis of ZnPlQ in benzene. 
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where k( r) is the electron transfer rate at separation distance r, f3 is the decay 

constant, and ko is the electron transfer rate for the donor and acceptor at the 

contact distance ro. Although only limits on kET can be obtained for ZnP2Q, 

and assuming the reorganization energies for ZnP 1 Q and ZnP2Q are roughly 

constant, the ratio of kET for the two compounds yields f3 2 14 nm -l (a 2 0. 7 

A - 1 ) for propagation across a bicyclo[2.2.2]octyl linker at these redox potentials 

(.6.G 0 
,_ 1 eV). The assumption of a constant reorganization energy for the two 

compounds is not rigorously valid since corrections for coloumbic interactions in 

the charge-separated state are distance dependent, and A0 has a separation dis

tance component (equation [1.6]). These distance dependencies have led to the 

astounding prediction that under certain conditions the electron transfer rate at 

large separation distances may exceed rates for shorter distances. 170 Although 

only limits can be placed on the electron transfer rate in the his-linked system, 

a reasonable estimate for the f3 decay constant can be obtained. Numerous stud

ies have determined f3 values for a variety of systems, and values for the decay 

constant vary from 3-5 nm- 1 for a fluorescence quenching experiment in which 

the donors and acceptors were separated by a fatty-acid monolayer, 171 to f3 ,_ 20 

nm - 1 for reactions between solvated electrons and various acceptors. 172 A review 

of experimentally determined f3 values can be found in reference 61. In general, 

f3 tends to be <10 nm- 1 for reactions in which one of the reactants is electron

ically excited, and the origin of the relatively large value of f3 determined here 

for electron transfer from the photoexcited porphyrin to the quinone is discussed 

below. 
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A recent theoretical calculation 114 for electron transfer through oligomers of 

bicyclo(2.2.2]octane determined the decrease in kET for incremental additions of 

linkers. The method was refined by the analysis of an inorganic system which incor

porated. an incremental d.istance change through a spirocyclobutane framework. 173 

The treatment was developed to predict the energy and bridging spacer effects on 

the distance dependence for nonadiabatic electron-transfer reactions. The tun

neling matrix element governing the transfer Tab was considered to be a function 

of the separation distance between the donor and acceptor, and the energy of 

the transferring electronic state. Hence, different distance dependencies are pre

dicted depending on the particular reaction under investigation. In particular, 

as the energy of the transferring state is closer to the highest occupied bonding 

orbital (HOMO) of the bridge states, "hole transport" is said to dominate the 

charge-transfer process. Similarly, "electron transport" will dominate for energy 

levels close in energy to the lowest unoccupied (L UMO) states of the bridge. The 

problem was formulated in an extended Hucke! framework with the neglect of 

non-nearest neighbor interactions to provide the donor and acceptor wave func

tions which allow the calculation of Tab· The linker units were considered to 

provide a periodic potential through which the electron propagates. Considering 

the carbon backbone only, the distance decay was determined to be independent 

of linker geometries in both the staggered and eclipsed orientations of adjacent 

bicyclo(2.2.2]octyl units, as well as staggered and eclipsed geometries between the 

1r-donor (acceptor) system and the bicyclo(2.2.2]octane linker. The distance de

pendence was shown to depend on the symmetry of the donor and acceptor, how-
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ever, and different effects are expected to be observed for a-symmetry donors than 

for the 1r-symmetry donors studied here as a result of the differences in overlap 

with the bridge orbitals. An interesting prediction from this model is the different 

distance dependence CB) for the forward transfer (P*LQ -+ p+·LQ-·) in relation 

to back transfer (P+·LQ-· -+ PLQ). This is a consequence of the fact that the 

energy transferring state is approximately the average of the porphyrin excited 

singlet energy and the quinone reduction potential, while the back transfer is the 

average of the energy of the charge-separated state and the porphyrin oxidation 

potential. Since the latter value is closer to the HOMO of the linker, the decrease 

of kET with distance is predicted to be less for the back transfer reaction than 

the forward transfer. The prediction for the ratio of electron transfer rates in the 

mono- and his-linked compounds for the forward transfer step is "'"'1500, while 

the ratio of back transfer rates is "'"'60. This dramatic prediction awaits further 

experimental conformation. The ratio of the forward rate constants observed here 

demonstrate a ratio of 500 to 2::1700 in accord with these predictions. 

Recent work on rigidly linked bichromophoric compounds have investigated 

incremental distance effects for electron transfer from a photoexcited naphthalene 

donor transferring an electron to a dicyanoethylene acceptor across a rigid hydro

carbon spacer. 107- 109 These results revealed a decrease in kET of approximately 

one order of magnitude for the incremental addition of two sigma bonds. The as

signment of the exothermicity of the electron transfer was based on the previously 

discussed Weller treatment, but comparison of the acetonitrile data for which elec

trochemical values are available indicate an electron transfer rate of 2x109s- 1 s- 1 
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at ~Go .-.1 eV, within an order of magnitude of the rates observed here. The cal

culated distance decay (,B) for these compounds was ,8 .-.13-17 nm- 1 . Although 

this decay factor is remarkably similar to the estimates for the porphyrin-quinone 

_system discussed above, direct comparison is difficult due to the major differences 

between the chromophore orientations, nature of the bridging linker units, and 

energy of the transferring state. The decade decrease in kET per two a-bond 

increment has also been reported for pulse radiolysis studies on intramolecular 

systems. 174 In contrast, aromatic bridging units have recently been reported which 

revealed a decrease in kET of only 22 to 27 per phenyl group ( 4A) increment. 119 

Solvent Effects on Electron Transfer Rates 

Picosecond fluorescence measurements allow the quantitation of the electron 

transfer deactivation of the porphyrin excited singlet. The high degree of repro

ducibility of the lifetime measurements thus allows an extremely sensitive probe 

for modest changes in the electron transfer rate constant. The study above in

vestigated four solvents of varying polarity. This investigation was broadened in 

scope to determine if kET depends critically on solvent. The results of the solvent 

investigation are tablulated in Table II. A very weak dependence of kET on the 

solvent was observed. The electron transfer rate varies by at most a factor of 50 in 

all of the solvents examined to date. Two control experiments were performed, in 

which the fl. uorescence emission was measured in the presence of added electrolyte 

(TBAP or THAP), i.e., under similar conditions in which the electrochemical 

measurements were performed. Modest decreases in the calculated kET values 
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(""20%) were obtained indicating the presence of the added electrolyte has only 

a minor effect on the overall rate. The absence of electrochemical measurements 

in all solvents investigated hamper the determination of the changes in exother

micity which would affect the observed rates. What is reliably determined in this 

study is the absence of correlation of the electron transfer rate with a number 

of solvent parameters. Least-squares analyses of the results in Table II revealed 

poor correlations with the solvent index of refraction n, n2 , 1/ n2 or the Marcus 

solvent parameter (1/ n2 - 1/ t) .145 The best correlation appeared to be with the 

solvent dielectric constant (correlation coefficient 0.9), confirming the qualitative 

trend of a decrease in kET with increasing solvent polarity. No correlation of kET 

with solvent viscosity was observed. These results contrast with recent reports of 

a correlation of kET with the solvent index of refraction for a moderately flexible 

porphyrin-quinone system linked via a methylene..:..amide spacer. 85 

Future experiments will investigate the temperature dependence of this com

pound near the freezing point of various solvent glasses, 175 where more significant 

changes in viscosity176 can be investigated to compare with the preliminary re

sults found here. A broader range of viscosities may be required to unequivocally 

rule out a modulation of the meso-phenyl "wobble" frequency with solvent, which 

could result in the direct modulation of the Tab (and hence kET ) for this com

pound. 

The observed range of rates could be due to shifts in the exothermicity for the 

reaction, changes in the outer sphere reorganization energy, changes in the coupling 

to the porphyrin 1r-system through the meso-phenyl substituent, or a combination 
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Table II. Solvent Effects on kET for ZnPlQ.a 

compound solvent X~ r, nsec kET, S-l b 

ZnPtBu C6H6+2%pyr 1.00 1.60 

ZnPlQ C6H6+2%pyr 1.08 0.051 1.90x1010 

ZnPtBu o--Xyl 1.00 1.53 

ZnPlQ o--Xyl 1.01 0.082 1.15x1010 

ZnPtBu C6H6 1.02 1.47 

ZnPlQ C6H6 1.08 0.076 1.25x1010 

ZnPtBu C6H6+0.1M THAP 1.02 1.48 

ZnPlQ C6H6+0.1M THAP 1.10 0.091 1.03x1010 

ZnPtBu 2MTHF 1.06 1.66 

ZnPlQ 2MTHF 1.02 0.092 1.03x1010 

ZnPtBu nPrCN 0.98 1.59 

ZnPlQ nPrCN 1.01 0.118 7.85x109 

ZnPtBu p-Dioxane 1.02 1.21 

ZnPlQ p-Dioxane 0.88 0.121 7.44x109 

ZnPtBu CH3CN 1.04 1.64 

ZnPlQ CH3CN 0.98 0.178 5.01x109 

ZnPlQ CH3CN+0.1M TBAP 1.00 0.203 4.32x109 

ZnPtBu DMF 1.07 1.71 

ZnPlQ DMF 1.01 0.234 3.69x109 

a DMF: N,N-dimethylformamide; nPrCN: butyronitrile; o--Xyl: o--Xylene; THAP: 
tetra-n-hexylammonium perchlorate; pyr: pyridine; TBAP: tetra-n-butylammo-
nium perchlorate; 2MTHF: 2-methyltetrahydrofuran. 

b Calculated from kET = 1/r- 1/ro, where T is the fluroescence lifetime of ZnPlQ 
and To is the fluroescence lifetime of ZnPt Bu. 
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of the above. The small trend in the observed electron transfer rates with solvent 

polarity is consistent with expectations for a nonadiabatic electron transfer from an 

initial uncharged state, however .177 The extent of dielectric relaxation in response 

to the generated charge-transfer state does not affect the forward transfer rate 

since the dielectric relaxation occurs largely after the electron transfer has taken 

place. Significant polarity effects are expected for the back electron transfer in 

these systems, however, as a result of the large solvent polarization about the 

charge-separated state. 

Low Temperature Fluorescence Studies 

The efficient electron transfer pathway observed for the single bicyclo[2.2.2]oc-

tyllinked porphyrin-quinone was investigated as a function of temperature. Mea-

surement of ZnPlQ and ZnPlQCI at room temperature revealed the typical hi-

exponential decay behavior discussed in detail above. Cooling the same samples 

to 77K resulted in a highly nonexponential fluorescence decays. In contrast, the 

fluorescence decay of ZnPt Bu remained strictly monoexponential under the iden-

tical measurement conditions at 77K ( r = 1.83 nsec; x~ = 1.02). A biexponential 

decay can be expressed as as 

[5.5] 

where I{t) is the fluorescence intensity at time t, bo/ao is the ratio of initial fluo-

rescence amplitudes, and T1 and r2 are the fitted lifetimes. A reasonable biexpo-

nential fit could not be obtained for either sample. However, an angle-modulated 
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biexponential decay 178 expressed as 

[5.6] 

where N is the number of dihedral angles, 0° ::; (}i ::; 90°, gave an excellent 

agreement with the observed decay. The cos (} fact~r is the approximate overlap 

of two 1r-systems as a function of the angle between the planes of the molecules. 

Since kET is a function of I Tab 1
2 , cos 2 8 is the expected modulation of the observed 

lifetime. 

The strict monoexponentiality of the reference ZnPt Bu porphyrin under iden-

tical measurement conditions argues strongly against any "site effects" 179 in the 

rigid amorphous solvent glass at 77K. Measurements of the visible absorption spec-

tra of ZnP 1 Q at 77K rule out significant aggregation of the molecule which could 

provide a fluorescence quenching mechanism. 145 Additional control experiments 

were performed by measuring ZnP2Q at 77K, resulting in excellent (unquenched) 

monoexponential fluorescence decays. Thus, the quenching observed for ZnP1Q 

and ZnP1QCl are unique to these compounds and are not due to the presence 

of the quinone functionality providing a ligand to the porphyrin which could ·also 

provide a quenching mechanism. In light of the efficient electron transfer quench-

ing for these compounds at room temperature, the control experiments suggest an 

efficient electron transfer quenching pathway is also viable in a rigid glass at 77K. 

The proposed explanation for the nonexponential behavior observed for ZnP1Q 

and ZnP 1 QCl at 77K is that freeezing the sample results in an ensemble of rota-

tiona! conformations between the porphyrin and quinone. At room temperature, 
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the quinone is spinning fast enough to effectively average the observed rate. At 

77K an ensemble of rotomers are present and the distribution of angles between 

the porphyrin plane and the quinone planes results in a distribution of kET values. 

Thus, the maximum rate would be for an angle () = 0°, and kET would fall off 

approximately as a cos 20 function. 

An important point to note is that the results of the low temperature fit 

(shown in Figures 5 and 6) are consistent with the observed hydroquinone fraction 

observed in the same samples at room temperature. As the angle () approaches 

goo, kET decreases significantly, and the observed decay would be similar to the 

reference porphyrin. While it is likely that kET is not rigorously zero (e.g., at 

() = goo), it suffices to say the rate is significantly slower than the maximum kET 

observed at () = 0°, i.e., in a coplanar arrangement between the porphyrin and 

quinone. The advantage of the angle-modulated fit is that the low temperature 

results can be fit without additional free parameters. A comparably good fit was 

obtained for ZnPlQ using a triexp9nential decay analysis (r1=0.1g4, r2=0.782, 

r3=1.871 nsec (1:0.38:0.31), x2=1.04), but this fit involves two additional free 

parameters compared to the angle-modulated biexponential fit. 

If these low temperature results are born out by transient absorption measure

ments to confirm the production of the porphyrin radical cation, this indicates a 

dramatic dependence of kET on the precise geometry of the molecule. If the trans

fer was adiabatic, a decrease in the matrix element by a factor of 100 would not 

significantly change the kET value since the rate is dominated by salvational and 

other nuclear motions. In the nonadiabatic regime, however, the small value for 
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Figure 5a. Biexponential decay analysis of ZnPlQCJ in MTHF at 298K. 
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Figure 5b. Angle-modulated decay analysis of ZnP 1 QCJ in MTHF at 77K. 



-116-

.
=!!!::J_

3

0

2

t ~ ~~J~~~·t··AA.JUJ~··•6Mi~ ~~~~~ ~ - qrlfi'r ~v, ''nTI'1v'1~ ., .. ,, nl 1\lfP f' 
-4. 

0 
0 
0 ...,. 

ot-----

0 0 .5 

Time (nsec) 

Lifetime 1 0.090 nsec (1.000) 

Lifetime 2 1.596 nsec (0.029) 

x2 = 1.068 
Amplitude = 10030.3 
Baseline = 0.48 Shift = 4. 7 

1.5 2 

Figure 6a. Biexponential decay analysis of ZnP 1 Q in MTHF at 298K. 

-Ill c 
::J 

0 

0 
0 
0 
N 

~0 
0 

~0 
·c;;-
c 
~ 

£ 

0 1------' 

0 2 

Time (nsec ) 

Lifetime 1 O.llO nsec (1.000} 

Lifetime 2 1.934 nsec (0.085) 

x2 = 1.041 
Amplitude= 274.9 
Baseline = 0.84 Shift = 1.5 
Number of Angles: 10 

.3 4 

Figure 6b. Angle-modulated decay analysis of ZnPlQ in MTHF at 77K. 



- 117 -

Tab significantly affects the observed rate when modulated by the cos () function 

describing the orientation angle between the planes of the chromophores. The 

low temperature data argues strongly for the nonadiabatic nature for the electron 

transfer in these bicyclo(2.2.2]octyllinked systems. 

The lifetime obtained in the angle-modulated fit is the maximum rate ob-

served for () = 0° (i.e., a coplanar orientation). To compare this lifetime to the 

rotationally averaged room temperature rate, 

k avg kmax 12
1r 1 2 ()d() kmax 1 ( 21r 1 . ) 

ET = ET -()COS = ET - - + -Sln41r 
0 21r 2 4 

kavg _ ~kmax 
ET- 2 ET 

[5.7] 

[5.8] 

where kFJq.x is the rate obtained from the angle modulated decay analysis and k~vf 

is the rate obtained from the biexponential fit. Thus, comparing the results from 

the room temperature fit for ZnPlQCl (r = 107 psec, k~vf = 8.7x109s- 1 ) with 

indicates the electron transfer rate has decreased by only a factor of 1.9 at 77K. 

Similarly, comparisons for ZnPlQ, (r = 90 psec, k~vf = l.Ox1010s- 1), with the 

indicate the electron transfer rate has decreased by 2.5 at 77K. The observation 

of an exceedingly weak dependence of the electron transfer rate with temperature 

suggests nuclear tunneling may dominate the transfer in these systems over the 

full temperature range studied. 

While no reports exist in the literature of synthetic porphyrin-quinone sys-

terns which exhibit fluorescence quenching at 77K, one is left to question the 
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validity of this proposal. The observation of efficient electron transfer in photo

synthetic RCs (Chapter 1) at low temperatures suggests there is reason to expect 

electron transfer to occur in systems characterized by rigidly fixed chromophores. 

Efficient ET has also been observed by pulse radiolysis studies of donors and accep

tors in rigid glasses at low temperatures. 68 Perhaps the other porphyrin-quinone 

systems reported in the literature have enough fl.exibilty to achieve a conforma

tion that insures minimal chromophore interactions at low temperatures. This is 

the only synthetic porphyrin-quinone system to date capable of reproducing the 

documented success of photosynthetic RCs at low temperature, and future exper

iments to directly observe the charge-transfer state will conclusively confirm or 

refute these findings. 

Exothermicity Investigations: Electrochemistry 

In an attempt to minimize the ambiguities associated with the calculation 113 

of the exothermicity of the electron transfer from the porphyrin to the quinone 

based on oxidation and reduction potentials for the isolated chromophores in sol

vents for which electrochemical data is available, an effort was made to directly 

measure the electrochemistry in the solvents in which the spectroscopic studies 

were performed. Recent advances in microelectrode techniques 180 ' 181 suggested 

the possibility of using this approach for the electrochemical measurements in 

solvents of low dielectric and high resistivity such as benzene or methyltetrahy

drofuran. 

Evidence presented elsewhere145 indicated the linked porphyrin- quinone der-
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ivatives can be well approximated by the measurement of the unlinked compounds 

as model systems. That is, although the chromophores are linked chemically, the 

individual ends of the molecule act substantially independently in the electro

chemical measurements, and the oxidation and reduction potentials are reason

ably described by the use of model compounds. The quinone reduction potentials 

were measured for variously substituted derivatives of ,rrmethylbenzoquinone in 

direct analogy to the porphyrin-quinone derivatives. The methyl, dimethyl, and 

cyano derivatives were prepared and measured by A.D. Joran. 145 The halogenated 

deratives were prepared by the identical synthetic method previously discussed 

(Chapter 3), via the addition of HCl or HBr to ,rrmethylbenzoquinone in THF, 

reoxidation of the resulting hydroquinone to the quinone with Pb0 2 , and subse

quent purification on Grade III alumina. The use of the methyl-benzoquinones 

as models for the bicyclo[2.2.2]octyl linked quinone derivatives should introduce 

the error of at most 40 m V182 due to the differences in reduction potentials for a 

methyl-benzoquinone versus a tertiary substituted benzoquinone, e.g., the tert

butylbenzoquinone reduction potential is observed at more negative potentials. 

The first reduction wave for the bromo-, chloro- and dichloro-methylbenzo

quinone model compounds as determined by linear sweep voltammetry are shown 

in Figure 7a-7c in acetonitrile with 0.1 M tetrabutylammonium perchlorate as 

the added electrolyte. The reduction potentials versus the ferrocene/ferrocenium 

reference couple183 are listed with the corresponding data for ZnPt Bu·and methyl

benzoquinone model compounds obtained by A.D. Joran 145 in Tables III and 

IV. To directly compare the data for the four solvents used in the spectroscopic 
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studies, the assumption was made that the differences between the reduction po

tential of each of the substituted benzoquinones and methyl-benzoquinone were 

approximately constant in each solvent. Since the reduction potential for methyl

benzoquinone has been measured in all four solvents under investigation, 145 the 

electrochemistry on the model quinones in acetonitrile can be used to obtain the 

relative ranking of the porphyrin-quinone derivatives in each of the four solvents 

used in the spectroscopic investigations. 

The magnitude of specific ion-pairing effects in the different solvents with 

the concentrations of supporting electrolytes employed is presently unknown. Al

though no major changes in the observed half-wave potentials were observed over 

the modest concentration range of supporting electrolyte investigated, 145 ion

pairing effects may dominate the electrochemical measurements in the extremely 

non-polar solvents investigated. The use of possible ligating perchlorate salts for 

investigation of the porphyrin oxidation potential could also have a dramatic effect 

on the observed porphyrin potentials, and future studies should investigate the ef

fect of alternative anions (e.g., BF 4 or PF6 ) on the porphyrin oxidation potential 

to determine the magnitude of this effect. Recent electrochemical investigations 

may well call into question the use of the "solvent independent" ferrocene/ferro

cenium reference couple upon which comparisons between the various solvents is 

based. 181 

Qualitatively, the data in Table III follow the expected trends in solvent po

larity. As the polarity of the solvent is increased, the charge-transfer state is 

stabilized and the exothermicity of the reaction is increased. There is a com-
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Table III. Electrochemical Data for Porphyrins and Quinonesa 

solvent E1;2(QjQ-.)b E1;2(P jP+·)c w d p -~Gol -~G01 (R) 

C6H6 -1.30Ve +0.18Vf 0.428 eV 0.67 eV9 1.10 eV9 

MTHF -1.36e -0.14e 0.156 0.93 1.08 

nPrCN - 1.00h +0.16h 0.048 0.99 1.04 

CH3CN -0.95i +0.19i 0.026 1.01 1.04 

a Half-wave potentials were determined by linear sweep voltammetry (or differen

tial pulse voltammetry in acetonitrile due to low solubility of the porphyrin), using 

a ferrocene/ferrocenium reference. All redox couples are reversible or nearly re

versible, i.e., I E3/4- El/4 I= 56-85 mV (n=1). -~Go'= w· ~ Elj2(PjP+·) 

+ E 1; 2(Q/Q-·) where W* = 2.15±0.01 eV is the singlet excitation energy for 

the porphyrin. -~G01 (R) = -~G01 + W p is the free energy after correction for 

Coulombic interactions in the charge-separated state. 

b p-Methylbenzoquinone. 

c Zinc 5-(p-tert-butyl)phenyl-2, 3, 7, 8, 12, 13, 17, 18-octamethylporphyrin. 

d Correction term for Coulombic interactions in the charge-separated state: W P = 

4 1t"~t:o e2 /R:::::::: 14.8/ER, where E is the solvent dielectric constant and R(A) = 14.8A 

is the center-to-center distance between the porphyrin and quinone for ZnPlQ. 

e 0.3 M tetrahexylammonium perchlorate (THAP); 25J.Lm diameter Pt disk elec-

trode. 

f 0.1 M THAP; 25J,Lm diameter Pt disk electrode. 
9 Estimated uncertainty is ±0.05 e V 

h 0.1 M tetrabutylammonium perchlorate (TBAP); 25J,Lm diameter Pt disk elec

trode. 

0.2 M TBAP; 1.6-mm diameter Pt disk working electrode. 
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Table IV. Half-wave potentials for reduction of 

2-methy 1-1,4-benzoquinone su bsti tu ted by 5-R 1 , 

6-R2" groups in acetonitrile.b 

-R1 -R2 E1;2(QjQ-·) (V)c 

-Me -Me -1.12 

-Me -H -1.04 

-H -H -Q.95 

-Br -H -Q.91 

-Cl -H -Q.89 

-Cl -Cl -Q.82 

-CN -H -o.55 

R2 

b Determined by linear sweep voltametry with 25 or 127 J..LID diameter Pt microelec-
trode using O.lM tetrabutylammonium perchlorate (TBAP) as supporting elec
trolyte; Pt wire auxiliary electrode; ferrocene/ferrocenium reference electrode. 

c Half-wave potentials are certain to within ±15 m V and are reversible or nearly 
reversible, i.e., I E3; 4 - E 1; 4 I = 55-75 mV (n=l). 
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Figure 7a. LSV of 2-methyl-5-bromo-1,4-benzoquinone in CH3CN ( --0.05 M, 
0.1 M TBAP). 
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Figure 7b. LSV of 2-methyl-5-chloro- 1,4-benzoquinone in CH3CN ( --0.05 M, 
0.1 M TBAP). 
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Figure 7c. LSV of 2-methyl-4, 5-dichloro-1,4-benzoquinone in CH3CN ( --0.01 

M, 0'.1 M TBAP). 
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pensating effect, however, in that the most non-polar solvents exhibit the least 

dielectric shielding resulting in a substantial Coulombic correction term for the 

attraction between the porphyrin cation and quinone anion. This compensating 

effect is difficult to quantitatively determine. If a simple Coulombic correction· 

applies, this correction term is 

W = [-1-] e
2 

= 14.38 eV 
p 47r€€o R ER 

[5.9] 

where R is the center-to-center distance between the porphyrin and quinone (14.8 

A) and E is the solvent dielectric constant. This simple expression assumes the 

charge-transfer state can be reasonably approximated by two point charges at the 

center-to-center separation distance. The delocalized nature of the two aromatic 

systems may well call this assumption into question. In addition, shielding effect 

due to the presence of the bicyclo[2.2.2]octyl unit separating the two charges is 

difficult to assess quantitatively. 

Although substantial effort was invested to quantitatively determine the exo-

thermicity of the reaction between the porphyrin excited singlet and the quinone, 

the unknown degree of the ion-pairing effects in the electrochemical mea~urements 

and the corrections for Coulombic interactions in the charge-separated state sug-

gest the derived values of A G 0 discussed below for the exothermicity investigations 

of kET should be considered accurate in a relative order only (and are thus desig-

nated as AG~el) and not with regard to absolute scale, particularly in non-polar 

solvents where these correction terms may be large. 
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Figure 8. Time-resolved fluorescence decays of compounds 38-44 in benzene at 

298K. 
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Exothermicity Investigations 

The seven modified porphyrin-quinones designed to investigate the energy 

gap dependence on kET were studied via picosecond fluorescence spectroscopy. 

The results of this investigation are tabulated in Table ·V for four solve~ts of in

creasing polarity, and representative fluorescence decays for the seven derivatives 

are shown for comparison in Figure 8. The assignment of the driving force for the 

reactions from the excited singlet of the porphyrin are based on the singlet excita

tion energy and the previously discussed electrochemical redox measurements on 

model compounds such that 

[5.10] 

where W* = 2.15 ±0.01 e V is the singlet excitation energy and the E 1; 2 values 

are the oxidation and reduction potentials for the porphyrin and quinone model 

compounds (see Tables III and IV). This value is uncorrected for Coulombic in

teractions in the charge separated state. Due to the difficulties in obtaining the 

electrochemistry in solvents of low dielectric constant, it was assumed that the dif

ferences between each of the substituted model _quinones and methyl-benzoqui-none 

were approximately constant as discussed above. Thus the reduction potentials for 

the model quinones in acetonitrile can be used to determine the relative ranking of 

the porphyrin-quinones in each of the solvents (Table IV) used in the spectroscopic 

investigations. 

Qualitatively, one observes a dramatic increase in kET over a relatively small 

range of exothermicity for the dimethyl and monomethyl substituted derivatives. 
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Table V. Fluorescence Lifetimes for Zinc-porphyrins a 38-44 

Compound Solvent -~G~elb x~c T (nsec)d ket (s-l) 

-Me,-Me C6H6 0.50 0.913 0.801,1. 722 (9: 1) 5.68x108 

-Me,-H C6H6 0.61 1.080 0.443,1.161(20:1) 1.58x109 

-H,-H C6H6 0.67 1.081 0. 0 7 6' 1. 4 90 ( 71: 1) 1.25x1010 

-Br,-H C6H6 0.83 0.902 0.075,1.362(50:1) 1.27x1010 

-Cl,-H C6H6 0.84 1.103 0.082,1.549(200:1) 1.15x1010 

-Cl,-Cl C6H6 0.96 1.063 0.055,1.894(167:1) 1. 75x1010 

-CN,-H C6H6 1.07 0.990 0.114,1.520(1:2) 8.09x109 

-Me,-Me MTHF 0.76 0.935 0.594,1.488(7:1) 1.08x109 

-Me,-H MTHF 0.87 0.997 0.384,1.591 (16:1) 2.00x109 

-H,-H MTHF 0.93 1.017 0.092,1.537(11:1) 1.03x1010 

-Br,-H MTHF 1.09 0.942 0. 090' 1. 611 ( 20: 1) 1.05x1010 

-Cl,-H MTHF 1.10 1.118 0. 099' 1. 661 ( 77: 1) 9.50x109 

-Cl,-Cl MTHF 1.22 1.156 0.062,1.629( 42:1) 1.55x1010 

-CN,-H MTHF 1.33 1.056 0.236,1. 717(2:3) 3.63x109 

-Me,-Me nPrCN 0.82 1.014 0.679,1.798(4:1) 8.44x108 

-Me,-H nPrCN 0.93 1.004 0.448,1.295(7:1) 1.60x109 

-H,-H nPrCN 0.99 1.005 0.118,1.467(20:1) 7.85x109 

-Br,-H nPrCN 1.15 0.953 0.121,1.512(8:1) 7.64x109 

-Cl,-H nPrCN 1.16 0.959 0.132,1.576(25:1) 6.95x109 

-Cl,-Cl nPrCN 1.28 0.965 0.085,1.445(23:1) 1.11x1010 

-CN,-H nPrCN 1.39 1.007 0.302,1.811 (1:1) 2.68x109 

-Me,-Me CH3CN 0.84 1.004 0.829,1.569(2:1) 5.89x108 

-Me,-H CH3CN 0.95 0.920 0.617 ,1.430( 6:1) 1.01x109 

-H,-H CH3CN 1.01 0.976 0.178,1.601(20:1) 5.00x109 

-Br,-H CH3CN 1.17 0.973 0.178,1.513(5:1) 5.00x109 

-Cl,-H CH3CN 1.18 1.111 0.215,1.491 (2:1) 4.03x109 

-Cl,-Cl CH3CN 1.30 1.026 0.121,1.283(24:1) 7.65x109 

-CN,-H CH3CN 1.41 1.030 0.335,1.660(1:1) 2.37x109 

a Compound designation indicates quinone substitution (see Figure 2, Chapter 3). 
b -~G~el (eV) = W*- E 1; 2 (PjP+·) + E 1; 2 (Q/Q-·) where W* = 2.15±0.01 eV is 

the singlet excitation energy for the porphyrin, and the E 1; 2 values are the oxida-
tion and reduction potentials for the porphyrin and quinone model compounds. 

c P.R. Bevington, "Data Reduction and Error Analysis for the Physical Sciences,". 
· New York: McGraw-Hill, 1969; p. 202. 

d Lifetimes tabulated as r 1 , r2 , and fraction (1:2) for biexponential decay analyses . 
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With further increases in the driving force, little change in the electron transfer 

rate constant is observed until the cyano substituted derivative in which a modest 

decrease in kET is observed. The data tabulated in Table V are plotted in Figures 

9-12. Superimposed on the data are the results ~f a least-squares fit to a Marcus 

equation61 of the form 

[5.11] 

The results from the Marcus fit are tabulated in Table VI. Since 

[5.12] 

[5.13] 

with with parameters as defined in Chapter 1, a plot of A versus the so-called 

Marcus solvent parameter ([1/n2 -1/Es]) should yield a line of slope (~e) 2 [1/2a 1 

+ 1/2a2 - 1/r] and an intercept of Ai. This plot is shown in Figure 13, and a 

least-squares analysis results in 

A = (0.55) [~ - ~] + 1~01 
n E8 

[5.14] 

with a correlation coefficient of 0.99. The excellent correlation obtained in the 

fit may well be misleading since the A obtained in the fits is based on the ~G~el 

values for compounds 38-44. Strictly speaking, the Coulomb corrected value 

of ~Go should be used for the compounds in the fits to equation [5.11] (i.e., 

~G01 (R) in Table III), which would result in a significantly decreased correlation. 

The good correlation observed in the use of ~G~el values for the least-squares 
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Table VI. Marcus Fit Results t for 38-44. 

solvent T -1 ab, em .\, eV 

C6H6 7.4 1.02 

MTHF 6.0 1.20 

nPrCN 5.2 1.26 

CH3CN 4.5 1.32 

t Least-squares fit of data in Table V to equation [5.11]. 

fit may reflect approximately equal and compensating effects of the Coulombic 

correction for interactions in the charge-transfer state, and ion-paring effects in 

the electrochemical measurements. 

The intercept of the plot in Figure 13 corresponds to the inner sphere reorgani-

zation energy (.\i) coupled to the electron transfer. The Ai obtained (1.01 eV) is too 

large based on estimates for porphyrin-quinone systems by ""'0.5 eV. 57 ' ss, 61 , 174, 184 

Since the exothermicity obtained for the series of compounds is likely only accurate 

in a relative sense, and not with regard to absolute scale, the Ai obtained in the 

fit should be corrected for ion-pairing and Coulombic effects. The undetermined 

magnitude of these correction terms unfortunately does not allow a straightforward 

extraction of the absolute Ai for this series. 

Qualitatively, the data appear to follow the expected trend with solvent, i.e., 

the ,\ obtained in the least-squares analysis increases with increasing solvent po-

larity. Presumably, the origin of this effect is the increase in A0 with increasing 

dielectric constant. As discussed above, however, comparisons with the Coulomb 

corrected value of ~G~el are more ambiguous. The range of Tab obtained in this 
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Figure 9. Electron transfer rate constant versus exothermicity for 38-44 in C6 H6 • 

Soli~ line is the least-squares fit to equation [5.11]. 
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Marcus fit A versus Marcus Solvent Parameter 

0 0.2 0.4 

(1/n2 
- 1/E) 

Figure 13. Marcus fit A term versus Marcus solvent parameter. 

0.6 



- 135-

analysis is interesting. Irrespective of the correction terms which affect the ,\ term 

obtained in the fits (see above), the Tab values obtained should be quite accurate. 

To a first approximation, one would expect a constant Tab given the identical 

structural basis within the series. The origin of the range o.f Tab values may be a 

dependence of the phenyl "wobble" frequency on solvent which could result in a 

modulation of the coupling to the porphyrin ring. The previously discussed tem

perature effects would argue against a large modulation, but the small range in 

Tab observed here suggests this may well be a subtle effect. 

Quantitatively, there appears to be some inadequacy in the single mode anal

ysis of equation [5.11]. The fluctuations in the electron transfer rates as obtained 

from the fluorescence lifetimes appear to be a real effect that is observed in all of 

the solvents studied. The fluctuations may be due to changes in the distribution 

of electron density or inequivalence of the carbonyls in the quinones as a result 

of the introduction of substituents, or other second-order effects.· The fast rise in 

the electron transfer rates over a very limited range of ~G~el for the first three 

compounds in the series is not well described by the expression of equation [5.11]. 

Other discrepancies such as the. observation of relatively temperature insensitive 

electron transfer rates for ZnPlQ and ZnPlQCl at 77K also raises some question 

as to the quantitative applicability of equation [5.11]. Shown in Figure 14 is a plot 

kET as a function of ~Go for 298K and 77K. The predicted dramatic temperature 

dependence for the first three compounds from equation [5.11] does not seem to 

be substantiated by the preliminary low temperature data. 

One alternative to the classical expression of [5.11] is a semiclassical expression 
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which treats the solvent classically, assumes the donor is in the vibrational ground 

state, and quantized vibrational states of the acceptor are specifically included 

yielding 57, sa, 185, 186 

S = Av 
hv 

[5.15) 

[5.16) 

where S is the vibrational-electronic coupling strength, Tab is the coupling matrix 

element, and .\ 8 and Av are the salvational and vibrational components of the re-

organization energy, respectively. As written, this function necessarily is centered 

at the origin on the absolute 6.G 0 scale. Due to the aforementioned problems of 

ion-pairing and Coulombic corrections, an added shift is required to adequately 

compare this expression with the experimentally determined data, i.e., 

[5.17) 

where 6.G~el is the driving force for the electron transfer reaction as calculated 

from equation [5.10] and 6.Gshift is the added shift. The added shift term would 

thus correspond to the correction for ion-pairing effects in the electrochemical mea-

surements and for Coulombic interactions in the charge-separated state. The ex-

pression of equation [5.15] more adequately describes the fast rise in kET observed 

in the first three compounds in the exothermicity series. Additionally, this expres-

sion gives a better quantitative agreement with the preliminary low-temperature 

data discussed above. A comparison of equation [5.15] with the experimental data 
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for benzene is shown in Figure 16. The parameters used in the fit are: Tab = 9 

cm- 1 , Au = 0.3 eV, As = 0.3 eV, hv = 1670 cm- 1 , and ~Gshift = 0.48 eV. 

The effect of ~Gshift is to move the origin of the curve. Hence, ~G0=0 (i.e., 

a thermoneutral reaction) would correspond to ~G~e1 =0.48 in Figure 16. This 

suggests that the exothermicity for the electron transfer reaction in the dimethyl 

derivative 38 is very close to thermoneutral, or possibly endothermic if the shift 

correction is slightly larger than 0.48 eV. This implies that repopulation of the 

excited singlet state of the porphyrin might be possible for this compound in 

the absence of alternative rapid decay pathways (possibly via the excited triplet 

state) for the CT state. The rather large fraction of the long lifetime component 

observed for this compound in benzene (see Table V), and in the preliminary low

temperature data 145 may in fact be a consequence of this singlet repopulation 

phenomenon, and deserves more detailed investigation. Additional derivatives 

with a nominal ~G~el :=;0.48 eV (benzene) could also be prepared to investigate 

the magnitude of the ~Gshift correction. 

A brief discussion of the choice of the parameters used in the comparison of 

equation [5.15] with the experimental data (Figure 16). is warranted here. The 

quinone will likely dominate the reorganization energy for the porphyrin-quinones 

these compounds. This is largely a consequence of the fact that the inner sphere 

part of the total reorganization energy roughly scales as the inverse of the number 

of atoms over which the electron is delocalized,56 hence the contribution of the 

large porphyrin macrocycle to the total A will likely be small. One can calcu

late the approximate value for the reorganization energy for the reduction of a 
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benzoquinone with the knowledge of the force constants for the critical stretching 

frequencies (C=O and C-o-), the changes in bond lengths (equation [1.5]), and 

the fact that two equivalent carbonyl bonds are available. Literature estimates for 

the force constant of the C=O stretching frequency 187 ' 18 ~ suggest that the force 

constant can be obtained from the measured infrared frequency for benzoquinone 

(1669 cm- 1) 187 and the reduced mass for a carbon and oxygen atom.l89 The 

bond length for the carbonyl obtained from a crystal structure is 1.23 A. 187 ' 190 

The analogous values for the C-o- are less well known, but were approximated by 

a phenolic C-0 stretch and an average C-0 bond length (-··.J1250 cm- 1, and 1.43 

A) .191 These values suggest the reorganization for the fast mode ( Av) should be 

on the order of 0.5 eV (equation [1.5]), and hv should be ,..,..1600 cm- 1 . These cal

culations assume a totally localized CO vibration (two of which are available), and 

evidence from EPR studies of semiquinone radical anions 192 suggest that ,.....40% of 

the spin is delocalized onto the quinone ring. Thus the calculated value for Au of 

0.5 eV should be closer to '"""0.3 eV. This value of Av was used in the comparison of 

equation [5.11] with the experimental data. In the absence of knowing the precise 

vibrations coupled to the electron transfer event, the quinone. carbonyl frequency 

was chosen for comparison with the data. If the quinone vibronics are the only 

contributor to the critical frequency coupled to the electron transfer event, an av

erage frequency of ,..,..1500 cm- 1 would be more appropriate (see equation [1.5]) , 

however porphyrin vibrations may well be involved which could contribute to the 

"average" frequency used in this analysis. The contribution of porphyrin vibron

ics to the transfer could be assessed by comparing the electron transfer rates for 
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different metallo-porphyrin derivatives of compounds 38-44. 

As observed in Figure 15, the fast rise in kET is well described by the semi

classical two-mode analysis of equation [5.15]. The homology of the reaction series 

even within the benzoquinone acceptor structure should be examined in more de

tail in future investigations. Perhaps the unsubstituted quinone derivative does 

not belong in the same reaction series, i.e., can the unsubstituted derivative be 

considered a di-substituted protio benzoquinone, or is the absence of non-proton 

quinone substituents a significant factor? Alternatively, similar arguments could 

well be made for the disubstituted derivatives 38 and 43. Given the limited num

ber of data points available at the present time, all of the compounds are being 

considered here until further experiments are available to address this ambiguity. 

Although the series was designed to be structurally homologous, there remains the 

question of whether it should be considered functionally homologous as well. 

Further differentiation between the classical and semiclassical expressions 

could be achieved by the synthesis of additional derivatives to investigate the 

low exothermicity forward transfers. It is these low driving force forward transfer 

reactions which will be exceedingly important in the transient absorption study of 

this series, since low exothermic forward transfers are equivalent to highly exother

mic transfers when studied in the back transfer reaction (i.e., -~G~efack = W* + 

~G~efor, where W* = 2.15 eV), which will be important for probing the inverted 

region effects. 

The plots 1n Figure 15 suggest a differentiation between the classical and 

semiclassical treatments could also be achieved .by the preparation of compounds 
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with an exothermicity for the forward transfer of ~1.5 eV. The synthesis of these 

additional quinone derivatives to probe the more exothermic forward transfers is 

largely limited by synthetic difficulties in the preparation of these compounds, 

however. Although a number of benzoquinone derivatives would have the proper 

reduction potentials to probe forward transfers in this driving force range, the 

preparation of the materials would be extremely challenging. The severe oxida

tion procedures that would be required to convert the porphyrin-hydroquinone 

to the porphyrin-quinone would result in significant porphyrin degradation. This 

problem was already apparent in the preparation of the cyano derivative145 and 

suggests the exothermic limit for the forward transfers has been achieved for this 

ser1es. 

A more straightforward experiment would involve the thorough investigation 

of the temperature dependencies of compounds 38-40. Preliminary data demon

strated that the electron transfer rate for 40 slows by only a factor of 2.5 in cooling 

the sample from 298K to 77K. The low temperature data for 38 145 demonstrated 

that kET slows by a factor of 10 over the same temperature range. The classical 

expression of [5.11] predicts dramatic effects on kET as a function of temperature 

for both of these compounds (Figure 14), while the semiclassical expression of 

[5.15] predicts a larger effect for the dimethyl derivative 38 (Figure 16), consistent 

with the preliminary low-temperature investigations. The ambiguities involved in 

comparing room temperature fluid solutions to a frozen glass at 77K should not go 

unmentioned. Such a dramatic change in medium should have a significant effect 

on the .\ 0 term in the classical expression, and may well affect the slow mode (.\ 8 ) 



-143-

1-
w 

..:::t:. 

c 
0 J 

>-
~ 

(.) 

E 
\...... 
Q) 

...c 
~ 

0 
X 
w 
~ 

0 
~ 

(.) 
Q) 
~ 
~ 

w 

·--·--
·~ · x· ~·- · - · -·- · -·-·- · - · -· 

Q) 

c 
Q) 
N 
c 
Q) 

CD 
,..-..... 

0 

0 

Figure 16. Semiclassical theory (eqn. [5.15]) at 298K and 77K. 

N 

1.() 

L[) 

0 

0 
co 

0 
C) 
<J 
I 



-144-

in the semiclassical expression. Ideally, the full temperature range from above the 

melting point of the solvent to temperatures above 298K should be investigated to 

distinguish between the two theoretical treatments. Such a temperature study may 

also shed insight on the magnitude of ;\ 8 used in the semiclassical treatment, and 

may allow determination of enthalpic and entropic contributions to the reaction 

exothermicity. 

Both models may suffer from the use of the continuum model for the solvent. 

The dielectric unsaturation approximation will likely not be valid for charge

separated states involving very large dipole moments as in these systems. The 

generation of such a large dipole may well lead to significant ordering of several 

layers of solvent molecules around the charge-separated state resulting in a break

down of the continuum model. 

Phosphorescence Quenching Investigations 

To further investigate the distance dependence of these systems for compari

son with theoretical predictions, 114 it is paramount to determine kET in both the 

mono- and his-linked bicyclo[2.2.2]octyl porphyrin-quinone derivatives. The cal

culation of an absolute Tab value based on molecular structure exceeds the current 

level of theory, primarily as a result of the paucity of experimental systems of ho

mologous structure to probe the effects of small changes in structure on the matrix 

element. Work in progress elsewhere may soon shed experimental insights in this 

regard. 174 As a result, ratios of rates are calculated in this previously discussed 

theoretical treatment. 114 The very fast rates observed in ZnPlQ results in a fast 
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singlet deactivation pathway which easily competes with the natural deactivation 

pathways for this porphyrin skeleton. To directly compare the two porphyrin

quinones, one is faced with an exceedingly slow electron transfer pathway for the 

his-linked derivative relative to other deactivation pathways, and a very efficient 

electron transfer pathway in the mono-linked compound. 

In an attempt to circumvent these problems and to discover a system which 

would allow direct comparison with the two compounds, alternative metallo-por

phyrins were investigated. The rational was to prepare a metallo-porphyrin deriva

tive that (a) had a long triplet lifetime so as to allow the investigation of a slow 

electron transfer deactivation and (b) a very high intersystem crossing rate to 

enhance the triplet yield and to compete effectively with other fast deactivations 

out of the singlet state. In general, triplet lifetimes are considerably longer than 

their singlet counterparts, 163 and requirement (a) can be met with virtually any 

investigation of porphyrin triplets. Requirement (b) is more challenging due to the 

fast rates observed in the single-linked porphyrin-quinone derivatives (discussed 

above). Both of these requirements are filled by platinum porphyrins, however. 

The intersystem crossing for platinum-octaethylporphyrin (PtOEP) has been re

ported to exceed 1011s- 1 , resulting in a high yield of the triplet state which exhibits 

a relatively high phosphorescence quantum yield ( ...... go% at 77K) .193 The triplet 

lifetime for PtOEP has also been reported 194 to be 63 J..LSec, long enough to probe 

processes in the 2:103s- 1 range. A possible complication in the triplet study is 

the limited exothermicity available due to the lower excited triplet energies than 

their singlet counterparts. 163 
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Preparation of platinum porphyrins are slightly more difficult than the zinc 

metallo derivatives discussed above, but offer some significant advantages. Plat

inum porphyrins are Class I porphyrins, 141 and are only partially demetallated 

in concentrated sulfuric acid. In contrast, the zinc derivatives are Class III por

phyrins and are easily demetallated in weak acids. The high stability of the plat

inum derivatives could well be advantagous, although reaction conditions for the 

metallation are considerably more severe than the zinc derivatives. Conditions 

that were investigated for the Pt metallation of H2Pt Bu, included metallation in 

benzonitrile, 195 or DMF .196 Both methods involve refiuxing the porphyrin and a 

platinum salt (K2PtCl4 or PtCh) in these solvents. Significant degradation of 

the porphyrin was observed in both cases, and low yields of the Pt-metallated 

porphyrin were recovered ( <5-20%) for metallation of H2Pt Bu. A milder ap

proach was also attempted in which the porphyrin is refiuxed in benzene with 

a soluble Pt salt (bis-benzonitrileplatinous chloride, Pt(0CN) 2Ch). 197 Although 

less porphyrin degradation was observed in this case, the extent of metallation 

was low and the reaction time was long (>24 hours). Optimum conditions were 

finally achieved for a sequence in which the porphyrin was refiuxed under argon in 

glacial acetic acid with 20-40 equivalents of K2PtC14, 198 resulting in significantly 

reduced reaction times ( ,....,30 min), excellent metallation conversions, and reduced 

porphyrin degradation. High yields were obtained for metallation of H2Pt Bu and 

H2P2DMB (see Chapter 6) under these conditions, suggesting this was the method 

of choice. 

The platinum derivatives are frought with experimental difficulties, however. 
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Because the intersystem crossing rate is very high the materials do not fluo

resce, nor is phosphorescence observable under aerobic conditions due to oxygen 

quenching. 163 Chromatography (as in the zinc derivatives) must be performed un

der low light conditi~ns to minimize the formation of singlet oxygen and possible 

sample degradation. Phosphorescence emission curves obtained for the PtPt Bu 

and PtP2DMB compounds under anaerobic conditions confirmed the presence 

of other metallo-porphyrin contaminants (likely zinc) due to scavenging of ad

ventitious metals by the free base porphyrin during or prior to platinum metalla

tion. The separation of different metallo-porphyrins is intractable with the current 

chromatographic purification procedures (Chapter 7). The stability of the Pt por

phyrins can be exploited for the removal of these contaminants, however. The 

Pt porphyrin was dissolved in methylene chloride and 1-2 drops of trifiuoracetic 

acid were added. These highly acidic conditions result in demetallation of any 

porphyrins of lower stability class than the Pt derivatives. Some degradation is 

observed here, but the removal of the impurities is critical for unambiguous phos

phorescence quenching studies. After neutralization and repurification, emission 

curves conclusively demonstrated the absence of these minor emissive contami

nants. 

Attempts to deprotect the PtP2DMB derivative using the standard BI3 con

ditions resulted in the isolation of an uncharacterized derivative with dramati

cally altered absorption and NMR spectra, possibly due to the conversion to a 

Pt(IV) derivative. 199 The alternative approach in which the deprotected deriva

tive (H2P2QH2) was metallated resulted in the isolation of a Pt derivative in 
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exceedingly low yield ( <1%) compared to the high yields obtained in the metalla

tion of H2 Pt Bu and H2 P2DMB (50-60%) under identical conditions. Perhaps the 

presence of the quinone/hydroquinone functionality in this oxidizing environment 

results in significant degradation, or metal coordination. The paucity ?f material 

prohibited full characterization of this compound. NMR analysis indicated the ma

terial was largely the expected structure, but a number of ambiguous peaks in the 

spectrum suggest the material is difficult to purify or tends to stack significantly. 

In general, the solubiltiy of the Pt derivatives are significantly lower than their 

zinc metallo counterparts. These problems suggest the lifetime results discussed 

below should be considered as preliminary only, and must await the development 

of alternative synthetic strategies for protecting the quinone functionality to allow 

deprotection in the presence of the Pt porphyrin. 

The results of phosphorescence lifetime experiments are tabulated in Table 

VII. The lifetime of the PtPt Bu reference porphyrin was observed to be signifi

cantly shorter than the expected "'63 J.LSec from comparison with literature values 

for Pt0EP. 194 While the lifetime was not expected to be identical due to the un

known influence of the meso-phenyl substituent, the decrease in the observed 

phosphorescence lifetime will complicate the investigation of slow deactivation 

pathways in the quinone derivative of the his-linked system by a full order of 

magnitude. The PtOEP derivative was alg-o prepared for comparison with the 

PtPt Bu derivative. The triplet lifetime was observed to be 89 J.Lsec on this ap

paratus (discussed in Chapter 6), and this value was confirmed by the lifetime 

measured elsewhere.200 Determination of the relative phosphorescence quantum 
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Table VII. Phosphorescence Lifetimes for Platinum Porphyrinsa 

compoundb solventc Tp (p,sec) 

PtOEP MTHF 89.1 

PtP0tBu MTHF 1.14 

PtP0tBu C6H6 1.48 

PtP2Q C6H6 1.65 

a Lifetimes were obtained under rigorous anaerobic conditions. Excitation wave
length was 532 or 355 nm. Sample concentrations were l"oJ 10-6 M. 

b PtOEP: Platinum octaethylporphyrin, PtP0t Bu: (5-(p-tert-butyl)phenyl-2, 3, 7, 
8, 12, 13, 17, 18-octamethylporphyrinato]platinum(II). PtP2Q: see text 

c Methyltetrahydrofuran was distilled from sodium/benzophenone ketyl under ar
gon. Benzene was HPLC grade and distilled from CaH2. 

yield of PtPt Bu relative to PtOEP demonstrated a proportionate decrease in <I>p 

compared with the ratio of the phosphorescence lifetimes, suggesting the nonradia-

tive internal conversion rate may have increased in the meso--phenyl substituted 

porphyrins. 

The oxidation potential of PtOEP is estimated to be +0.95 V (vs. SSCE). 201 

The methylbenzoquinone reduction potentials presented in Table III when con-

verted to the SSCE scale result in a reduction potential of approximately -0.64 

V. 145 The singlet excitation energy for the Pt porphyrin is 2.31 e V (see Chapter 

7), and the triplet level is I"J0.32 e V below the first excited singlet, based on the 

onset of the phosphorescence emission (623 nm). The exothermicity is thus esti-

mated to be I"J0.4 e V for electron transfer from the first excited triplet stat-e of 

the platinum porphyrin transferring an electron to the quinone (uncorrected for 

electrostatic interactions or ion-pairing effects). The ambiguous phosphorescence 
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lifetimes measured here and the lack of full characterization of the PtP2Q cast 

reasonable doubt on the estimate of kET in the his-linked derivative. If these 

values are correct, however, the preliminary estimate of kET value for PtP2Q is 

<105 s- 1 at these redox potentials. 

In the absence of experimental data for kET in the PtP 1 Q derivative, an 

estimate for the electron transfer rate can be obtained from the exothermicity 

study discussed above. If the vibronic coupling in the zinc metallo porphyrin is 

similar to the platinum porphyrins, the estimated driving force ( -LlG~el ....... 0.4 eV) 

suggests the single linker transfer rate would be ......,8x107 s- 1 (equation [5.15], and 

Figure 16) and the ratio of the electron transfer rates is therefore ~800. The 

predicted rate ratio for the mono- to his-linked systems at these redox potentials 

is ......, 1000.114 These experimental results are thus in reasonable agreement with 

theoretical predictions, although the lack of concrete rate data for either compound 

makes the comparison tentative at best. Future experiments should investigate 

the phosphorescence lifetime measurements for both PtPlQ and PtP2Q in more 

polar solvents since the electrostatic corrections are very large in benzene (see 

Table IV) used for these preliminary investigations. These correction terms may 

make the exothermicity for the electron transfer reaction in PtP2Q considerably 

less than the estimated 0.4 e V, and possibly even endothermic, depending on the 

magnitude of the A Gshift correction factor discussed above. These preliminary 

experiments clearly warrant a more thorough experimental determination of kET 

in these compounds through the explicit measurement of phosphorescence lifetimes 

for both PtPlQ and PtP2Q to adequately assess the quantitative validity of the 
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theoretical model. 
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Chapter 6 

Conclusions 
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Conclusions 

A series of synthetic porphyrin-quinone molecules has been described which 

were designed to investigate critical parameters governing electron transfer rates. 

Only through the precise experimental control of such parameters can further 

insights be obtained for refinement of theoretical treatments. Synthetic methods 

for the preparation of these compounds was pre~ented. The compounds allow 

the investigation of incremental distance effects (6, 10, and 14A edge-to-edge) on 

kET for identical colinear orientations through the introduction of zero, one, or 

two bicyclo[2.2.2]octyllinker units between the porphyrin donor and the quinone 

acceptor. A homologous series of porphyrin-quinone compounds was prepared for 

the investigation of exothermicity effects on the photoinduced electron transfer rate 

constant. These compounds allow the investigation of electron transfer parameters 

in the absence of major electronic perturbations. The precise control of donor

acceptor separation distance allows unambiguous analysis of electron transfer rates 

from time-resolved fluorescence measurements, and are in striking contrast to 

previous flexibly coupled systems. 

• Analysis of a phenyl linked porphyrin-quinone in comparison with a single 

phenylbicyclo[2.2.2]octyllitiked derivative indicates the addition of the first spacer 

unit decreases kET by at least one order of magnitude._ Addition of a second 

bicyclo[2.2.2]octyl linker results in a further decrease in kET by a factor of 500 
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to 2::1700 in accord with recent theoretical predictions for nonadiabatic electron 

transfer through oligomers of the bicyclo[2.2.2]octyl spacer unit. 

• A weak dependence of the photoinduced electron transfer rate constant on 

solvent was observed. These results are consistent with expectations for a neutral 

initial state transferring to a charge-separated state. Conversely, dramatic solvent 

effects are predicted to be observed in the electron transfer from the charge

separated state returning to ground state or triplet products. 

• Preliminary investigations at 77K indicate that the electron transfer rates for 

these compounds are relatively temperature independent. The electron transfer 

rate was observed to decrease by a factor of approximately two for the temper

ature change from 298K to 77K in the highly exothermic transfers (R = H, Cl) 

investigated. The electron transfer rate for the least exothermic case studied (R 

= Me2 ) is more dramatically affected by temperature (one order of magnitude). 

These results suggest that nuclear tunneling dominates the electron transfer rates 

in this series. 

• Low temperature investigations suggest the nonexponentiallifetimes observed 

at 77K may be due to an ensemble of rotational conformations between the por

phyrin donor and the quinone acceptor, indicating dramatic effects of the precise 

molecular structure on kET· This behavior confirms the nonadiabatic nature of 

the electron transfer in these compounds. 

• Investigaton of the effect of exothermicity on kET through the synthesis ·of a 

structurally homologous series of porphyrin-beri:zoquinones revealed a dramatic 

increase in the electron transfer rate with small increases in the driving force, 
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followed by a relatively ~Go insensitive region. Further increases in the exother

micity resulted in a modest decrease in the calculated electron transfer rate (R = 

CN). These results appear to be well described by a semiclassical theory which 

treats the solvent classically, and includes specific vibrational modes for the ac

ceptor. 

Precise structural definition through the rational synthetic design of donor

acceptor systems can dramatically aid in experimental investigations of electron 

transfer processes. 
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Chapter 7 

Experimental Procedures 
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Experimental Procedures 

Electronic spectra were recorded with a Varian Associates Cary 219 UV

Visible spectrometer. Infrared spectra were obtained from KBr pellets of the 

compound of interest and were recorded using a Shimadzu IR-435 Infrared Spec

trometer. Proton nuclear magnetic resonance (NMR) spectra were measured us

ing a Varian Associates EM-390 spectrometer, a Varian Associates XL-200 spec

trometer, a Japan Electro-Optical Laboratories (JEOL) FX-90Q spectrometer, a 

JEOL GX-400 NMR spectrometer, or a Bruker WM-500 spectrometer, operating 

at 90MHz, 200.06MHz, 89.56MHz, 399.65MHz, and 500.13MHz, respectively. Car

bon NMR spectra were obtained using broadband proton decoupling techniques on 

the FX-90Q, or the XL-200 operating at 22.4MHz, and 50.31MHz, respectively. 

Chemical shifts ( 8) are reported in parts per million (ppm) relative to a tetram

ethylsilane (TMS) internal standard, or a solvent residual peak: CHCh, 7.24 ppm 

(lH NMR) and 77.0 ppm (13 C NMR); CH2 Cb, 5.32 ppm (lH NMR). Mass spec

tra were obtained from-the Midwest Center for Mass Spectrometry (NSF Regional 

Instrumentation Facility) by applying either electron impact (EI) or fast-atom 

bombardment (FAB) techniques. Elemental analyses were performed by Spang 

Microanalytical Laboratory, Eagle Harbor, Michigan. Thin layer chromatography 

(TLC) vvas performed with silica gel 60 F-254 (E. Merck; 250,u thick) precoated 

analytical plates. Melting points were measured with a Thomas-Hoover Capillary 
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Melting Point Apparatus and are reported uncorrected. 

Analytical gas chromatography was carried out using a Hewlett-Packard (HP) 

5700A gas chromatograph modified with an inlet splitter (Scientific Glass Eng. 

Co., GISS-4A) an SE-54 fused silica capillary column (15m x 0.32mm I.D., J&W 

Scientific 18704A), and a flame ionization detector. Ultra-high purity hydrogen 

(Big Three Industries) was the carrier gas and nitrogen was the makeup gas. The 

ouput from the detector was analyzed using an HP 3390A electronic integrator. 

Reagents and Solvents. 1,4-Dimethoxybenzene, HI (57% in water), 4-Bro

mobenzaldehyde, maleic anhydride, p-toluenesulfonic acid (TsOH), lead(IV) ox

ide (Pb02), and n-Butyllithium (1.6 M solution in hexanes) were obtained from 

Aldrich Chemical Co. and were used without further purification. Boron triiodide 

(BI3), bis(triphenylphosphine)nickel(II) chloride (Ni(P03) 2 Cb), nickel(II) chlo

ride, and 1,2-dimethoxyethane were obtained from Alfa Ventron. Cuprous Oxide 

was obtained from Allied Chemical Co. 1,2-dichloroethane, and quinoline were 

obtained from Matheson, Coleman, and Bell. 2,2'-dipyridyl was obtained from 

Polysciences Inc. Hydrogen bromide, hydrogen chloride, ammonia, and boron tri

fluoride gases were obtained from Matheson Gas Products. All other reagents were 

obtained from standard commercial sources and were used as received. 

Solvents designated as "dry" in the following experimental procedures were 

purified as below. All other solvents were used without further purification. 

Tetrahydrofuran, diethyl ether, and 1,2-dimethoxyethane were distilled from sodi

umjbenzophenone ketyl under argon. N,N-dimethylformamide was distilled from 

activated Linde 4A molecular sieves at ,....,30 mm Hg. Quinoline was distilled from 
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Zn dust at ,...,30 mm Hg. Methylene chloride and methanol (HPLC or spectrograde) 

were dried over activated Linde 4A molecular sieves. 1,2-Dichloroethane, benzene, 

and acetonitrile were distilled from CaH2 under argon. 2-Methyltetrahydrofuran 

was distilled from CaH2 and then vacuum transferred or distilled from sodiumjben

zophenone ketyl under argon. Butyronitrile was distilled from sodium carbonate 

and potassium permanganate and then redistilled from phosphorous pentoxide 

under argon. 

Preparation of Bibicyclo{2.2.2joctylben.zaldehyde 20 

1,4-Dimethoxy-1,4-cyclohexadiene (5) The general method of Birch 

and Chamberlain 202 was followed. A three-neck 5 L flask was equipped with 

a cold-finger condenser cooled to -78°C, outlet tube and mechanical stirrer. Am

monia ( ,...,3 L) was condensed into the vessel. Dry tetrahydrofuran (300 mL), 

distilled tert-butanol (500 mL), and 1,4-dimethoxybenzene (130.38 g, 0.944 mol) 

were added and stirring was commenced. Lithium wire (23.77 g) was added in 0.5-

1 inch segments. Addition was initially slow to minimize violent frothing. The 

reaction mixture was stirred for 1 hour and the blue color was discharged by the 

drop wise addition of methanol (200 mL). Water was then added ( ,...,750 mL), and 

the reaction mixture was allowed to sit overnight to evaporate excess NH3. More 

water was added and the reaction mixture was transferred to a separatory funnel. 

The mixture was extracted with 3x150 mL petroleum ether (35-60°C), 2x150 mL 

diethyl ether, and the combined organics were back extracted with 3x100 mL H2 0. 

The organics were dried over MgS0 4 and solvent removed in vacuo to yield 117.8 
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g of white crystals (crude yield, 89%). 1H NMR (90MHz, CDC13 , TMS): 8 4.60 

(m, 2H), 3.55 (s, 6H), 2.87 (m, 4H) ppm. 

1,4-Dimethoxybicyclo[2.2.2]octane-2,3-dicarboxylicacid anhydride 

(7) A flask was charged with compound 5 (116.45 g, 0.831 mole), maleic anhy

dride (Aldrich, 81.50 g, 0.831 mole), and chloroform (150 mL). The mixture was 

heated to relux for 24 hours. The solvent was removed in vacuo to yield 202.4 g 

of an orange waxy solid. The crude olefin 6 was dissolved in THF and transferred 

to a 500 mL Parr bottle and hydrogenated (50 psi H2 ) in several increments ( ,.....,40 

g each, due to low solubility of the olefin) over Pd on carbon (2%(w /w) of olefin) 

for 12 hours. A large excess of catalyst was generally employed to circumvent 

poisoning due to unidentified impurities in the olefin. The hydrogenated material 

was isolated by filtering off the catalyst and removing the solvent in vacuo to yield 

a green waxy solid (189.2 g total, 0. 787 mol, crude yield, 95%). 1 H NMR (90MHz, 

CDCb, TMS): 8 3.60 (m, 2H), 3.35 (s, 6H), 2.00-1.85 (m, 8H) ppm. 

1,4-Dimethoxybicyclo[2.2.2]octane-2,3-dicarboxylic acid (7) Anhy

dride 6 (50.1 g, 0.21mole) was added to 1,2-dimethoxyethane (250 mL) and vig

orously stirred. Water (500 mL) was slowly added and the reaction was heated to 

reflux for 24 hours. The solvent was removed in vacuo yielding a tan solid (52.2 g, 

crude yield 97%). The product can be recrystallized from acetone if desired, but 

not generally required in this sequence. 1 H NMR ( 90MHz, D MS O-d6 , TMS): 8 

3.2 (s, 2H), 3.0 (s, 6H), 2.2 (m, 2H), 1.61 (m, 6H) ppm. 
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1,4-Dimethoxybicyclo[2.2.2]oct-2-ene (9) The general method of Snow, 

Degenhardt and Paquette152 was followed. A flask was charged with diacid 8 

(20.36 g, 78.8 mmol), cuprous oxide (22.62 g, 158 mmol), 2,2'-dipyridyl (24.63 

g, 157 mmol), glass powder (3.0 g), and quinoline (150 mL). The mixture was 

heated with stirring to 185°C for 48 hours. The black solution was allowed to 

cool and the volatiles were removed by distillation at reduced pressure (60 Torr) 

under nitrogen. The distillate was poured into 600 mL 2N HCl, and was extracted 

with 3x100 mL petroleum ether ( 35-60° C). The combined organics were washed 

with 4x30 mL 2N HCl, 4x25 mL saturated CuS04, 1x25 mL H20, and dried over 

MgS04. The drying agent was removed by filtration and the solvent was removed 

in vacuo to yield a green oil (9.25 g, crude yield, 70%). 1H NMR (90MHz·, CDCb, _ 

TMS): 8 6.20 (s, 2H), 3.28 (s, 6H), 1.60 (m, 8H) ppm. 

1,4-Dimethoxybicyclo[2.2.2]octane (10) Olefin 9 (14.01 g, 83.3 mmol) 

was dissolved in THF (250 mL) and added to a 500 mL Parr bottle. Pd on 

carbon (0.28 g, 2% (w /w) of olefin) was added to the solution and the bottle was 

pressurized to 50 psi H2 on a Parr rocker overnight. The catalyst was filtered off, 

and the solvent removed in vacuo to yield a green oil (13.48 g, crude yield, 95%). 

1H NMR (90MHz, CDCb ,TMS): 8 3.20 (s, 6H, 2xOCH3 ), 1.79 (s, 12H, 6xCH2 ) 

ppm. 

1,4-Piiodobicyclo[2.2.2]octane {11) Dimethoxy 10 (2.00 g, 11.7 mmol) 

was added to 57% aqueous HI (21.05 g; 93.8 mmol) in a thick walled glass tube. 

The contents were frozen in liquid nitrogen and the tube was evacuated. The 
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tube was then sealed and annealed, and carefully warmed to room temperature 

(CAUTION! Explosion hazard!). The tubes were placed in a sealed tube oven and 

heated to 160°C for 48 hours and then allowed to cool. A white crystalline solid 

was evident in the tube after heating. The contents were again frozen in liquid 

nitrogen and the tubes were cautiously broken open and allowed to warm to room 

temperature. A two tube workup is as follows: The contents were poured into 

100 mL H2 0 and 100 mL CH2 Ch was used to transfer the crystalline solid to the 

separatory funnel. The aqueous layer was washed with 3x50 mL CH2 Cl2. The 

combined organics were washed with 1x50 mL 5% Na2S20 3 , 1x50 mL H20, 1x40 

mL saturated NaCl and dried over MgS04 • The drying agent was filtered and 

the solvent was removed in vacuo to yield a slightly tan powder. An unidentified 

impurity can be removed by washing the solid with a minimum amount of ice cold 

diethylether to yield a white powder. Typical yield: 70%; mp 242-243°C (lit 143 

mp 239-240.5°C). 1H NMR (90MHz, CDCh, TMS): 8 2.55(s, 12H, 2,3-CH2) ppm. 

4-Iodo-1-bicyclo[2.2.2]octyl Acetate143 (12) Diiodide 11 (9.32 g, 25.7 

mmol) was added to 160 mL glacial acetic acid and heated at reflux. Silver acetate 

( 4.65 g, 27.8 mmol) was added to 90 mL of glacial acetic acid and was heated close 

to the boiling point. The silver acetate suspension was added to the diiodide in 

increments. Silver iodide was observed to precipitate immediately upon addition. 

When addition was complete, reflux was continued for 1 hour. The condenser was 

the removed and most of the acetic acid was removed by distillation. Water (100 

mL) was added to the remaining residue and the Agi was removed by suction 
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filtration. The precipitate was washed copiously with Et2 0. The aqueous layer 

was separated and extracted with 2x100 mL Et2 0 and the combined organics 

were washed with 4x40 mL saturated NaHC03 and dried over MgS04. The drying 

agent was filtered off and the solvent was removed in vacuo to yield 7.50 g of a 

slightly tan solid. Crude isolated yield: 98%. 1 H NMR (90MHz, CDC13, TMS): 

8 2.6Q-2.40 (m, 6H, 3-CH2), 2.2Q-2.05 (m, 6H, 2-CH2), 1.94 (s, 3H, -C02CH3) 

ppm. 

4-Iodo-1-bicyclo[2.2.2]octanol143 (13) Iodoacetate 12 (7.50 g, 25.5 mmol) 

was added to KOH (6.22 g, 96.4 mmol) in EtOH (95%(v/v), 70 mL). The mixture 

was heated at reflux for 2.5 hours. The reaction was allowed to cool and poured 

into H20(SO mL). The mixture was extracted with 3x30 mL Et20. The combined 

organics were washed with saturated NaCl and dried over MgS04. The drying 

agent was removed by filtration and the solvent was removed in vacuo to yield 

6.11 g of solid material. Crude yield: 95%. 1H NMR (90MHz, CDC13, TMS): 8 

2.60-2.40 (m, 6H, 3-CH2), 1.80-1.65 (m, 6H, 2-CH2), 1.30 (bs, 1H, -OH) ppm. 

4-Iodo-1-bicyclo[2.2.2]octy1Methyl Ether143 {14) Iodoalcohol13 (4.16 

g, 16.5 mmol) was added to 45 mL dry dimethoxyethane. Methyl iodide (9.0 mL, 

145 mmol) was added with stirring. Sodium hydride dispersion (50% by weight, 

3.12 g, 65 mmol) was rinsed clean of mineral oil with hexane and transferred to 

a solid addition funnel. The apparatus was purged with argon and slow addition 

of NaH was begun. After the addition was complete, the solution was allowed 

to stir for an additional two hours. The progress of the reaction was checked by 
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capillary GC (15m SE-54 column; inj 250° /col 130°/ det 250°C) by quenching 

an aliquot and injecting the organics (retention times: iodoalcohol 13 4.8 min, 

iodomethoxy 14 5.4 min). Excess NaH was quenched by cautious addition of 15 

mL H20. The reaction mixture was poured into H20 (150 mL) and was extracted 

with 4x75 mL Et20 . The combined organics were washed with lx50 mL 2N HCl, 

lx50 mL H20 and lx40 mL saturated NaCl. The solution was dried over MgS04, 

filtered and the solvent was removed in vacuo to yield 4.07 g of material. Crude 

yield: 93%. The product from two reactions was combined (6.18 g) and flash 

chromatographed on a 4x15 em silica gel column. Fraction I was 1.5 L of elutant, 

then 60 mL fractions were collected. Elution was with 2.5 L hexane; 0.25 L 1 %; 

0.5 L 4%; ·1.5 L 10%; 0.3 L 25%; 0.3 L 50% Et20/hexane (v/v), and 2 L Et20: 

Fraction 10-30, 1.15 g diiodide 7, fraction 70-80, 5.39 g iodomethoxy 10, fraction 

80-oo, 0.34 g iodoalcohol 9. Yield: 95%; mp 77.5-78.5°C (lit 143 mp 79-79.5°C). 

1H NMR (90MHz, CDCh, TMS): 6 1.65-1.80 (m, 6H, 2-CH2) 2.45-2.60 (m, 6H, 

3-CH2) 3.10 (s, 3H, -OCH3) ppm. 

4,4'-Dimethoxy-1,1'-bibicyclo[2.2.2]octane 143 (15) A flask containing 

magnesium turnings (2.00 g, 82 mmol) was flame dried under a stream of argon. 

Half of the iodomethoxy 14 (11.57 g total, 43.5 mmol) in 15 mL dry diethylether 

was added to the turnings. The Grignard reaction began instantaneously. The 

remainder of the starting material was dissolved in more dry ether ( 20 mL) and 

added to a flame-dried addition funnel. This solution was slowly added to the 

magnesium turnings to maintain a gentle reflux. Grignard formation was moni-
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tored by capillary GC (15 m SE-54; inj 250° /col 130° /det 250°C) by quenching 

a small aliquot and injecting the organics (retention times: iodomethoxy 5.2 min, 

quenched Grignard 1.3 min). When Grignard formation was complete, oven-dried 

NiCh (6.90 g, 53.2 mmol) was added and reflux was maintained under argon for 

15-20 hours. The solution immediately turned black upon addition of NiCh. A 

majority of the ether was then removed by distillation under argon. The residual 

solid was cautiously treated with water, washed with ethanol, and then exten

sively with Et2 0 until only a fine gray-black powder of nickel remained. The 

aqueous layer was extracted with 3x30 mL Et2 0 and the combined organic layers 

were washed with saturated NaCl, dried over MgS0 4 and filtered. The solvent 

was removed in vacuo and the solid was recrystallized from hexane yielding 3.33 

g of white crystals (12.0 mmol, yield 55%). Alternatively, the product could 

be purified by flash chromatography in 25% Et20/hexane (RJ 0.20). mp 169-

169.50C (lit 143 mp 168.1-168.5°C). 1 H NMR (500MHz, CDC13 , TMS): 8 3.12 (s, 

6H, 2xOCH3 ), 1.57-1.52 (m, 12H, 6xCH2), 1.47-1.42 (m, 12H, 6xCH2) ppm. 13 C 

NMR (22.4MHz, CDCb, TMS): 8 73.23, 48.99, 33.98, 29.30, 26.05 ppm. 

4'-iodo-1,1'-bibicyclo[2.2.2]octan-4-oF43 (16) A solution of dimethoxy

bislinker 15 (2.60 g, 9.35 mmol) in 240 mL distilled benzene was added to a 500 

mL 3-neck flask equipped with addition funnel, condenser, and mechanical stirrer. 

The solution was heated to reflux and the hot mixture was slowly treated with 

60 mL of 57% HI while vigorously stirring, forming an emulsion. After addition 

was complete, the mixture was allowed to reflux 1 hour. The solution was poured 
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onto ice and neutralized with a copious amount of NaHC03. The aqueous layer 

was treated with HCl until just acid to litmus, then extracted with ether. The 

combined organics were washed with 10% Na2S20 3, water, saturated NaCl, dried 

over MgS04, filtered, and the solvent was removed in vacuo to yield 3. 7 g of a 

white solid. 

The crude material from two reactions (8.73 g) was loaded onto a 4.5x18 em 

silica column and purified by flash chromatography. Elution was with 1.5 L 10%, 

0.25 L 25%, 2 L 50% Et20/hexane (v/v). Fraction size was 300 mL. Fractions 

1-2 contained 0.89 g (9.2%) of 4'-Iodo-1,1'-bibicyclo(2.2.2]oct-4-yl methyl ether, 

and fractions 5-7 contained 7.05 g (76%) of pure 16. 1 H NMR (500MHz, CDC13, 

TMS): 8 2.38 (m, 6H, 3xCH2), 1.54 (m, 12H, 6xCH2), 1.42 (m, 6H, 3xCH2) ppm. 

13 C NMR (50.3MHz, CDCh, TMS): 8 69.02 (4-COH), 43.49 (4'-CI), 33.92, 31.52 

(1,1'-C), 40.79, 33.78, 29.12, 26.16 (2,2',3,3'-CH2) ppm. 

4-Iodo-4'-phenyl-1,1'-bibicyclo[2.2.2]octane (17) Iodo-bislinker-alco

hol 16 (1.25 g, 3.4 7 mmol) was added to 200 mL of distilled benzene previously 

saturated with p-toluenesulfonic acid in a 3-neck 300 mL flask equipped with 

teflon sleeve protected joints. The solution was cooled to 0°C and saturated with 

BF3 by slow passage over the stirred solution for 30 min. The solution was then 

heated to 60°C for 12 hours. The mixture was allowed to cool and was quenched 

by addition of H20. The aqueous layer was neutralized with solid NaHC03 and 

the organic layer was separated. The aqueous layer was extracted with 3x50 mL 

of CH2Cb. The combined organics where dried over MgS04, filtered, and solvent 
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removed in vacuo to yield 1.40 g of a white solid. Crude yield: 96%. 

An analytical sample was prepared by flash chromatography of 0.60 g of the 

product on a 2.5x16 em silica column with CH2 Ch as the elutant. Fraction size 

was 50 mL. Fractions 7-10 gave a total of 0.59 g pure 17 (mp >290°C). IR (KBr): 

Vmax 2930, 2~HO(sh), 2850, 1495, 1455, 1230, 975, 905, 810, 755, 695, 660, 620, 

530 cm-1 • 1H NMR (500MHz, CDC13 , TMS): 8 7.26 (obscured by solvent, 4H), 

7.13 (m, lH), 2.40(m, 6H), 1.73(m, 6H), 1.56(m, 6H), 1.42(m, 6H) ppm. 13 C NMR 

(100.4MHz, CDC13 , TMS): 8 149.70 (1"-C), 127.77, 125.25, 125.20 (2" /6", 311 /5", 

4"-CH), 47.31, 35.40, 34.29, 31.96 (1,1',4,4'-C), 41.13, 32.48, 29.45, 25.68 (2, 2', 

3, 3'-CH2) ppm. Mass spectrum (EI, 70eV): m/z (relative intensity,%) 294(14), 

293 (M+-r, 55), 213(19), 185(34), 143(36), 129(45), I27(Io), I17(3o), Io5(2o), 

91(100), 81(48). Exact mass for C22 H29I: calcd 420.1314, (M+-r) 293.2269, obsd 

293.2266. Anal. Calcd for C22 H29 I: 62.86%C, 6.95%H, 30.19%!. Found: 62.98%C, 

7.05%H, 30.35%!. 

4-Bromo-4'-( 4"-bromophenyl)-1,1'-bibicyclo[ 2.2.2 ]octane ( 18) 

Phenyl-bislinker-iodide 17 (2.00 g, 4. 76 mmol) was added to 300 mL of CC14 

and the solution was heated to 70°C. Bromine (0.98 g, 6.13 mmol) in 15 mL 

CCl4 was added to the solution. The mixture was allowed to stir protected from 

light until bridgehead exchange was complete ( ..-1.5 hours). Reaction progress 

was monitored via capillary GC (15m SE-54; inj 350° /col 275° jdet 350°C) by 

quenching a small aliquot with 5% Na2S20 3 and injecting the organics. Iron 

filings (90 mg, 1.6 mmol) were added and the reaction was monitored every 10-15 
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m1n. If the reaction had not inititated within ,...,1 hour, aliquots (0.2-0.5 eq) of 

iron and bromine were successively added until the product peak was observed 

in the GC analysis (,...,4.7 min retention time). Once the product was observed, 

the reaction was monitored as frequently as possible to avoid dibromination of the 

phenyl ring. Immediately after the starting material was consumed, the reaction 

was quenched with 5% Na2S203. The organics were separated and the aqueous 

layer was extracted with 3x50 mL CH2Ch. The combined organics were dried 

over MgS0 4 , filtered, and solvent removed in vacuo to yield 1.05 g of an off-white 

powder. 

An analytical sample was obtained by flash chromatography of the crude 

product on a 2.5x20 em silica column. Fraction size was 30 mL. Elution was with 

1 L hexane, 50 mL 1%, 50 mL 2%, 50 mL 5%, 50 mL 10%, 20 mL 25%, 1 L 

50% CHCla/hexane (v/v), and 250 mL CHCla. Fraction 1 was 1.2 L of elutant 

containing an unidentified hexane-mobile impurity. Fractions 3-35 contained pure 

bromophenyl-bislinker-bromide 18 (0.90 gm, yield: 83%). mp 296°C, decomp. IR 

(KBr): Vmax 2930, 2910(sh), 2850, 1485, 1455, 1230, 1075, 1005,975, 820, 810(sh), 

710, 665, 530 cm-1. 1H NMR (500MHz, CDCla, TMS): 8 7.358 ( ~AA'BB' q, 2H, 

J=8.5Hz), 7.130 (~AA'BB' q, 2H, J=8.5Hz), 2.17 (m, 6H, 3xCH2), 1.68 (m, 6H, 

3xCH2), 1.57 (m, 6H, 3xCH2), 1.44 (m, 6H, 3xCH2) ppm. 13C NMR (50.3MHz, 

CDCl3, TMS): 8 149.10 (1"-C), 131.01, 127.37 (2" /6", 3" /5"-CH), 119.25 (4"

CBr), 64.68 (4-CBr), 37.82, 32.23, 28.41, 25.42 (2, 21
, 3, 3'-CH2) 34.82, 33.98, 

32.84 (1,1' ,4'-C) ppm. Mass spectrum (EI, 70e V): m/z (relative intensity, %) 454 

(M+ + 4, 2.3), 452 (M+ + 2, 4.3), 450 (M+, 2.7), 373 (2.5), 371 (3.4), 211 (10), 208 
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(13), 129 (100), 107 (12), 91 (13). Exact mass for C22 H28 81 Br2: calcd 454.0517, 

obsd 454.0479; C22H2s 79 Br81 Br: calcd 452.0537, obsd 452.0519; C22H2s 79Br2: 

calcd 450.0558, obsd 450.0523. Anal. Calcd for C22H2sBr2: 58.42%C, 6.24%H. 

Found 58.88%C, 6.66%H. 

4-{ 4"'-Bromophenyl)-4'-(2" ,5"-dimethoxyphenyl)-1,1'-bibicy

clo[2.2.2]octane {19) Bromophenyl-bislinker-bromide 18 (1.00 g, 2.21 mmol), 

1,4-dimethoxybenzene (3.05 g, 22.1 mmol, 10 eq), and 150 mL dry 1,2-dichloro

ethane was added to a flame-dried argon-purged flask equipped with condenser 

and argon inlet. Aluminum bromide (0.62 g, 2.32 mmol) was added and the 

solution was heated to reflux for 24 hours. Reaction progress was monitored bY: 

quenching a small aliquot and analyzing by TLC (50% CHC13/hexane, short ,\ 

UV detection). Additional AlBr3 aliquots (0.4 eq) were periodically added until 

the product was observed by TLC (starting material R f 0. 70, product R f 0.40). 

After the starting material had largely disappeared, the reaction was quenched 

with dilute aqueous HBr. The aqueous layer was separated and washed with 4x50 

mL CH2Ch. The combined organics were washed with 2x75 mL 10% NaOH, 1x50 

mL H20, 1x50 mL brine, dried over MgS0 4 , filtered, and the solvent was removed 

in vacuo. The excess 1,4-dimethoxybenzene was removed by vacuum distillation 

(Kugelrohr oven, 1mm Hg, 110°C). The crude material (1.06 g, 2.08 mmol, crude 

yield 94%) was purified by flash chro~atography. Elution was with 1 L hexane, 50 

mL 2%, 50 mL 5%, 50 mL 10%, 100 mL 25%, 750 mL 50% CHC13/hexane (v/v). 

Fraction 1 was 1.1 L of elutant, then 25 mL fractions were collected. Fractions 
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21-32 contained 0.80 g of pure 19 (1.57 mmol, yield 71 %) . 

A sample was purified for analytical analysis by flash chromatography of 0.40 

g of the purified product from above on a 2.5x12 em silica column with 30% 

CH2Cb/hexane as the elutant. Fraction size was 5 mL. Fractions 12-15 con

tained 0.38 g of pure 19. IR (KBr): Vmax 2930, 2910(sh), 2850, 1490, 1455(sh), 

1275, 1220{sh), 1040, 995, 815, 720, 535 cm-1. 1 H NMR (500MHz, CDCb, 

TMS): 8 7.375, 7.358 (~AA'BB' q, 2H, 2"',6"'/3"',5"'-CH, J=8.6Hz), 7.171, 7.153 

(~AA'BB' q, 2H, 2111 ,6111 /3"',5"'-CH, J=8.5Hz), 6.76 (d, 1H, J= 8.4Hz, 3"-CH), 

6.76 (d, 1H, J= 3.2Hz, 611-CH), 6.65 (dd, 1H, J= 8.7, 3.0Hz, 4"-CH), 3.76 (s, 

3H, -OCH3), 3.74 (s, 3H, -OCH3), 1.85-1.89 (m, 6H, 3xCH2), 1.70-1.74 (m, 6H, 

3xCH2), 1.44-1.52 (m, 12H, 6xCH2) ppm. 13 C NMR (100.4MHz, CDCb, TMS): 

8 152.97, 152.72 (2", 5"-COCH3), 149.22 (1"'-C), 138.82 (1"-C), 130.69, 127.19 

(2"' /6"', 3111 /5"'-CH), 118.92 ( 4"'-CBr), 114.31, 112.15, 109.54 (3", 4", 6"-CH), 

55.76, 55.71 (2", 5"-0CH3), 35.10, 34.79, 34.51, 34.42 (1,1',4,4'-C), 32.71, 30.07 

(3,3'-CH2), 25.84, 25.79 (2,2'-CH2) ppm. Mass spectrum (EI, 70eV): m/z (rel

ative intensity, %) 510 (M+ + 2, 100), 508 (M+, 96), 429 (M+ -Br, 3.8), 300 

{4), 190 {20), 151 (9), 129 (8). Exact mass for C30H37 81 Br02: calcd 510.1957, 

obsd 510.1952; C30H37 79 Br02: calcd 508.1977, obsd 508.1982. Anal. Calcd for 

C3oH31Br02: 70.72%C, 7.32%H, 15.68%Br. Found: 70.68%C, 7.45%H, 15.74%Br. 

4 111
- Formyl-2",5"-dimethoxy- 4,4'-diphenyl-1,1'-bibicyclo [ 2.2. 2] oc

tane (20) was prepared by the general procedure of Jones and Grayshan. 153 

Compound 19 (210 mg, 0.41 mmol) was dissolved in dry THF (20 mL) and added 
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to a flame-dried argon-purged flask and cooled to -78°C. nBuLi (550 ILL, 1.6 

mmol/mL in hexanes, 0.88 mmol, 2.1 eq) was added via syringe over ,.....; 10 min 

at -78°C. The solution was allowed to stir 1 hour at -78°C. Dry DMF (300 ILL) 

in 100 ILL dry THF was added to the aryllithium. The reaction was allowed to 

warm to room temperature for 1 hour. Excess organolithium was quenched by 

cautious addition of dilute aqueous HCl. The reaction was extracted with 50 mL 

ether, 3x25 mL CH2Cl2, and the combined organics were washed with brine, dried 

over MgS04, filtered and the solvent was removed in vacuo to yield 200 mg of an 

off-white powder. The crude material was purified by flash chromatography in 

40% hexane/CH2Ch (R,= 0.22), yielding 170 mg of pure 20 (0.37 mmol, yield 

90%). 

An analytical sample was prepared by flash chromatography of 200 mg of 

impure material on a 2.5x15 em silica column. The material was dry loaded onto 

the column, and eluted with 200 mL hexane, 50 mL 2% CH2 Cl2 /hexane, 50 mL 

20% CH2Ch/hexane, and 400 mL 60% CH2Ch/hexane. Fraction size was 15 mL. 

Fractions 31-36 contained 86 mg of pure 20. Remaining fractions were combined 

to yield 80 mg of lesser purity 20. IR (KBr): Zlmax 2930, 2910(sh), 2850, 2820(sh), 

2720(w), 1695,1610,1485,1465,1275,1220,1175, 1060(sh), 1050,1025,1005,860, 

825(sh), 820, 795, 725, 535 cm- 1 • 1H NMR (500MHz, CDCb, TMS): 8 9.95(s, 

1H, -CHO), 7.794, 7.778 (!AA'BB' q, 2H, J=8.3Hz), 7.480, 7.463 (!AA'BB' 

q, 2H, J=8~3Hz), 6.78 (d, 1H, J= 3 Hz, 6"-CH), 6.77 (d, lH, J= 8.9 Hz, 311
-

CH), 6.66 (dd, lH, J= 8.8, 3.0 Hz, 4"-CH), 3.77 (s, 3H, -OCH3 ), 3.75 (s, 3H, 

-OCH3 ), 1.92-1.87 (m, 6H, 3xCH2), 1.82-1.78 (m, 6H, 3xCH2), 1.56-1.51 (m, 6H, 
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3xCH2), 1.51-1.47 (m, 6H, 3xCH2) ppm. 13C NMR (50.3MHz, CDCb, TMS): 8 

192.03 (4"'-CHO), 158.02, 153.34 (2", 5"-COCH3), 153.08 (1 111-C), 139.04 (1"

C), 133.98 ( 4111-C), 129.55, 126.25 (2"' /6"', 3111 /5"'-CH), 114.48, 112.32, 109.69 

(3", 4", 6"-CH), 55.64, 55.58 (2", 5"-0 CH3), 35.18, 34.99, 34.56, 34.31 (1,1' ,4,4'

C), 32.37, 29:81 (2,2'-CH2), 25.59, 25.47 (3,3'-CH2) ppm. Mass spectrum (EI, 

70eV): m/z (relative intensity,%) 459 (M+ + 1, 13), 458 (M+, 38), 430 (100), 190 

(76), 151 (23), 91 (28). Exact mass for C31 H38 0 3: calcd 458.2821, obsd 458.2821 

Anal. Calcd for C31 H380 3: 81.18%C, 8.35%H, found: 81.22%C, 8.46%H. 

Preparation of Biphenylaldehyde 24 

1-Bromo-2,5-dimethoxybenzene {21) This compound was prepared by 

the method of Jurd.203 1,4-Dimethoxybenzene (41.05 g, 0.30 mole), KBr (35.73 

g, 0.30 mole), H20 (200 mL), ethanol (400 mL), and sulfuric acid (50 mL) were 

added to a flask and the solution was heated to a slow relux. Hydrogen peroxide 

(120 mL) was added to the hot solution over ,...,15 minutes and the reaction was 

allowed to reflux an additional 15 minutes. The product was isolated by ether 

extraction of the cooled reaction mixture. The organics were dried over Na2S0 4 , 

filtered, and the solvent was removed in vacuo to yield a red oil which was purified 

by vacuum distillation (bp 141-143°C at 17 mm Hg) to yield 43.91 g of a red oil 

(yield, 67%). 1H NMR (90MHz, CDC13, TMS): 8 7.14 (m, 1H), 6.82 (m, 2H), 3.78 

(s, 3H), 3.87 (s, 3H) ppm. 
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4-Bromobenzaldehyde ethylene acetal (22) was prepared by the general 

procedure of Swenton, Blankenship, and Sanitra. 204 4-Bromobenzaldehyde (19.22 

g, 0.104 mmol), ethylene glycol (29.96 g, 0.48 mmol, 4.6 eq), p-toluenesulfonic acid 

(0.2 g), and toluene (300 mL) were heated to reflux with azeotropic removal of 

H20 for 12 hours. The reaction was allowed to cool, and the solution was filtered 

through a fritted funnel filled with silica gel to remove excess glycol. The filtrate 

was dried over MgS04, filtered and solvent removed in vacuo to yield a light green 

oil. The product was purified by distillation at reduced pressure (bp 146-147°C 

at 15mm Hg), distilling as a clear oil which crystallizes upon standing to white 

needle-like crystals. (19.21 g, yield, 81 %) . 1 H NMR (90MHz, CDCb, TMS): 8 

7.45 (AA'BB' q, 4H), 5.80 (s, l_H), 4.05 (m, 4H) ppm. 

4'-Formyl-2,5-dimethoxy-1,1'-biphenyl ethylene acetal {23) was 

prepared by the general procedure of Kumada, et al. 154 Magnesium turnings ( 4.0 

g, 0.16 mol) were added to a 250 mL flask equipped with stir bar, condenser, and 

addition funnel. The entire apparatus was flame-dried under a stream of argon. 

Dry THF (2 mL) and .....,20% of the bromodimethoxybenzene 21 (total11.40 g, 52.5 

mmol) were added to the turnings. The remaining bromodimethoxybenzene was 

added to the addition funnel in 60 mL dry THF. This solution was slowly added 

to the now exothermic Grignard reaction. After complete addition, the reaction 

was heated to reflux for 1 hour and allowed to cool. Grignard formation was 

monitored by quenching a small aliquot and analyzing the organics by capillary 

GC (conditions: 15m SE-54 column, inj 350° /col150° /det 350°C) . The Grignard 



-174-

reagent was transferred via cannula to the addition funnel of a similar reaction 

apparatus. The second flask was charged with bromo-acetal 22 (10.00 g, 43.7 

mmol), Ni(P03)2Cl2 (0.50 g, 0.76 mmol, 0.2 eq), and dry THF (20 mL). This 

mixture was cooled to 0°C, and the Grignard solution was slowly added over 

....., 1.5 hours. The solution was then heated to relux for 36 hours under argon and 

quenched by the cautious addition of H2 0. The reaction was extracted with 3x100 

mL ether, 2x75 mL CH2 Cl2. The combined organics were washed with saturated 

NaCl, dried over MgS0 4 , filtered and solvent removed in vacuo to yield a brown 

oil. The material was purified by flash chromatography in CH2 Cb (R 1= 0.30), 

yielding 2.5 g of the cross-coupled product (yield, 20%). IR (KBr): Vmax 2950, 

2895, 2820, 1490, 1410, 1290, 1260, 1230, 1200, 1170, 1075, 1050, 1020, 980, 960, 

940, 840, 800, 740, 705, 610 cm-1. 1H NMR (500MHz, CDCls, TMS): 8 7.534, 

7.518 (~AA'BB' q, 2H, J==8.2Hz), 7.496, 7.479 (~AA'BB' q, 2H, J==8.3Hz), 7.25 

( d obscured by solvent, 1H, 6-CH), 6.93 ( d, 1H, J =8.8Hz, 3-CH), 6.85 ( dd, 1H, 

J=8.7, 3.0Hz, 4-CH), 5.87 (s, 1H), 4.15 (m, 2H), 4.05 (m, 2H), 3.79 (s, 3H, 

-OCH3), 3.74 (s, 3H, -OCH3) ppm. 13 C NMR (50.3MHz, CDCls, TMS): 8 

153.72, 150.80 (2,5 -COCH3), 139.28, 136.61, 131.32 (1,1' ,4'-C) 129.45, 126.04 

(2' /6', 3' /5'-CH), 116.69, 113.19, 112.81 (3,4,6 -CH), 103.65 (acetal -CH), 65.29 

(acetal -CH2), 56.22, 55.78 (2,5 -OCH3) ppm. Mass spectrum (EI, 70eV): m/z 

(relative intensity,%) 287 (M+ +1, 19), 286 (M+, 100), 285 (47), 242 (42), 214 

(81), 199 (59), 184 (21), 73 (42). Exact mass for C11H1a0 4 : calcd 286.1205, obsd 

286.1204. Anal. Calcd for C11H1a0 4 : 71.31%C, 6.34%H, found 71.18%C, 6.21%H. 
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4'-Formyl-2,5-dimethoxy-1,1'-biphenyl (24) Biphenyl-acetal 23 (2.50 

g, 8. 73 mmol) was stirred with heating for 1 hour in 2N HCI. The reaction mixture 

was extracted into ether, washed with H20, saturated NaCl, dried over MgS0 4, fil

tered, and solvent removed in vacuo to yield a light green oil which solidified upon 

standing. The product was purified by flash chromatograpy in toluene (Rt= 0.18) 

to remove the acetal starting material (Rt= 0.07). IR (KBr): Vmax 2995, 2930, 

2820, 2720, 1690, 1600, 1515(sh), 1495, 1455, 1445, 1395, 1385, 1315, 1270, 1235, 

1220, 1175, 1045, 1020, 870, 830, 805, 7 45, 692, 600, 4 75 em - 1. 1 H NMR (500MHz, 

CD2Ch, TMS): 6 10.03 (s, 1H), 7.911, 7.894 ( ~AA'BB' q, 2H, J=8.3Hz), 7.718, 

7.701 ( ~AA'BB' q, 2H, J=8.2Hz), 6.97 (m, 1H), 6.92 (m, 2H), 3.80 (s, 3H), 3.76 

(s, 3H) ppm. 13C NMR (50.3MHz, CDCb, TMS): 8 191.96 (4'-CHO), 153.79, 

150.69 (2,5 -COCH3), 144.80 (1'-C), 134.93 (4'-CCHO), 130.07, 129.39 (2' /6', 

3' /5'-CH), 129.62 (1-C), 116.56, 114.13, 112.73 (3,4,6 -CH), 56.22, 55.78 (2,5 -

OCH3) ppm. Mass spectrum (EI, 70eV): m/z (relative intensity,%) 243 (M+ +1, 

17), 242 (M+, 100), 199 ( 49), 184 (26), 120 (17), 73 (15), 69 (18), 57 (20). Exact 

mass for C1sH1403: calcd 242.0943, obsd 242.0940. Anal. Calcd for C1sH1403: 

74.36%C, 5.83%H, found 74.40%C, 5.93%H. 

Preparation of Bicyclo[2.2.2}octylbenzaldehydes 46, 49, 51 

4"-Formyl-4'-bromo-2',5'-dimethoxy-1,4-diphenylbicyclo[2.2.2]oct

tane (46) was prepared by the method of Podall and Foster.205 Aryl aldehyde 

45 145 (50.2 mg, 0.143 mmol) · was dissolved in dry dichloroethane (50 mL) and 

cooled to 0°C under argon. Bromine (8.8 J.LL, 3.119 g/mL, 0.17 mmol, 1.2 eq) was 
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added to 2-3 mL dry dichloroethane in an addition funnel and slowly added to the 

cooled aldehyde solution over ....... 4 min. The reaction was allowed to stir at 0°C pro

tected from light for 1 hour and then quenched by addition of 1% Na2S203. There

action was washed with water and extracted with 3x25 mL CH2 Ch. The combined 

organics were dried over Na2S04, filtered and solvent removed in vacuo to yield 

an off-white solid. The product was purified by flash chromatography in toluene 

(2.5x12 em column, Rt= 0.2, fraction size 10 mL). Fractions 9-15 were combined 

to yield 53.2 mg of bromo-aldehyde product. (0.12 mmol, yield, 87%). 1 H NMR 

(500MHz, CD2Ch, TMS): 8 9.96 (s, lH, -CHO), 7.82, 7.80 (!AA'BB' q, 2H, 

J=8.2Hz), 7.56, 7.54 (!AA'BB' q, 2H, J=8.5Hz), 7.05 (s, lH, 3' or 6'-CH) 6.84 

(s, lH, 3' or 6'-CH) 2.10 (m, 6H, 3xCH2), 1.97 (m, 6H,_ 3xCH2) ppm. 13 C NMR 

(50.3MHz, CDCb, TMS): 8 192.01 (4"-CHO), 157.47, 149.83 (2',5'-COCH3), 

153.22 (1"-C), 137.12 (1'-C), 134.14 (4"-C), 129.64, 126.23 (2" /6", 3" /5"-CH), 

116.82, 112.37, (3',6'-CH), 108.91 (4'-CBr) 57.15, 55.86 (2',5'-0CH3), 35.50, 

35.29 (1,4 -C), 32.36, 29.82 (2,3 -CH2) ppm. Mass spectrum (EI, 70eV): m/z (rel

ative intensity,%) 431 (M+ (81 Br]+l, 21), 430 (M+ (81 Br], 92), 429 (M+ [79Br]+l, 

21), 428 (M+ (81 Br], 87), 387 (26), 385 (24), 270 (79), 268 (78), 73 (54), 71 

(51), 69 (92), 57 (100), 55 (83). Exact mass for C23H25 0 381 Br: calcd 430.0967, 

obsd 430.0946; C23H2s03 79 Br: calcd 428.0987, obsd 428.0968 Anal. Calcd for 

C23H2s03Br: 64.34%C, 5.87%H, 18.61%Br, found: 64.44%C, 5.88%H, 18.54%Br. 

4"-Formyl-2',5'-dihydroxy-1,4-diphenylbicyclo[2.2.2]octane {4~) 

was prepared by the method of Lansinger and Ronald. 206 Aryl aldehyde 45 145 
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(105.4 mg, 0.301 mmol) was dissolved in dry CH2Ch (65 mL), purged with argon 

and cooled to 0°C. Boron triiodide (0.4142 g) was weighed under argon into a 

dry flask, and dry CH2Ch was added (total volume 760 JLL). A portion (500 

JLL, 0. 71 mmol, 2.04 eq) of the BI3 solution was added slowly to the aldehyde 

solution. The reaction was allowed to stir 20 minutes at 0°C, then quenched by 

the addition of 2 mL H20, followed by 1.5 mL 10% Na2S20 3. The reaction was 

extracted with Et20, and the combined organics were washed with 10% Na2S203, 

saturated NaCl, dried over MgS0 4 , and the solvent was removed in vacuo . The 

crude material was purified by flash chromatography (2.5x15 em column, 35% 

EtOAc/Hexane, Rt= 0.18, fraction size 5 mL) Fractions 27-35 contained 41.3 mg 

of pure 47 (yield, 43%). IR (KBr): Vmax 3400 (br, -OH), 2930, 2910(sh), 2850, 

2710(w), 1680(sh), 1665, 1605, 1565, 1510, 1380, 1220,(sh), 1200, 855, 820, 800, 

775 cm-1. 1H NMR (400MHz, CDC13, TMS): 8 9.96 (1H, -CHO), 7.819, 7.799 

(!AA'BB' q, 2H, J=7.9Hz), 7.531, 7.510 (~AA'BB' q, 2H, J=8.3Hz), 6.70 (m, 

1H), 6.53 (m, 2H), 4.6 (br s, -OH), 2.15-2.04 (m, 6H, 3xCH2), 2.00-1.90 (m, 6H, 

3xCH2) ppm. 13C NMR (50.3MHz, CD30D, TMS): 8 194.13 (4"-CHO), 159.50 

(1"-C), 150.73, 150.44 (2', 5'-COH), 136.80 (1'-C), 135.58 (4"-CCHO), 130.63, 

127.51 (2" /6", 311 /5"-CH), 117.78, 114.99, 113.74 (3', 4', 6'-CH), 36.53, 36.05 (1,4 

-C), 33.67, 30.87 (2,3 -CH2) ppm. 13C NMR (50.3MHz, CD3CN, TMS): 8 193.23 

(4"-CHO), 158.72 (1"-C), 150.90, 149.59 (2', 5'-COH), 136.88 (1'-C), 135.32 

(4"-CCHO), 130.29, 127.39 (2"/6", 3"/5"-CH), 117.39(sh), 115.10, 113.68 (3', 

41
, 6'.-CH), 36.14, 35.73 (1,4 -C), 33 .. 12, 30.42 (2,3 -CH2) ppm. Mass spectrum 

(EI, 70eV): m/z (relative intensity,%) 323 (M+ + 1, 23), 322 (M+, 100), 320 
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(M+-2H, 8), 162 (70), 161 (55), 147 (69), 136 (14), 123 (17), 91 (18). Exact mass 

for C21H2o03: calcd 322.1570, obsd 322.1567. 

4"-Formyl-4-( 2',5'-benzoquinonyl )-1-phenylbicyclo[2.2.2] octane 

(48) Aryl hydroquinone 47 (35.5 mg, 0.11 mmol) was dissolved in hot CH2Ch and 

transferred to a 25 mL erlenmeyer. A large excess of Pb02 (1.6 g, 60 eq) was added 

and the solution was stirred for 7-10 minutes on a warm hot-plate until TLC (35% 

EtOAc/Hexane, short.\ UV detection) demonstrated the reaction had largely gone 

to completion. The warm solution was concentrated in vacuo and loaded onto a 

Grade III alumina column (2.5x6 em, fraction size 5 mL) and eluted with 7% 

CH3CNjCH2Cl2 (v/v). Fractions 6-8 contained pure 48 (24.6 mg, yield: 70%). 

IR (KBr): Vmax 2930, 2910(sli), 2850, 1690, 1650(C=O), 1605, 1585, 1080, 905, 

850, 830, 815(sh) cm-1. 1H NMR (400MHz, CD2Ch, TMS): 8 9.95 (1H, -CHO), 

7.81, 7.79 (~AA'BB' q, 2H, J=8.3Hz), 7.53, 7.51(~AA'BB' q, 2H, J=8.3Hz), 6.66 

(s, 2H), 6.53 (s, 1H), 1.95 (br s, 12H, 6xCH2) ppm. 13 C NMR (50.3MHz, CDCb): 

8 191.97 (4"-CHO), 188.02, 187.42 (2', 5'-C=O), 156.60 (1"-C), 154.83 (1'-C), 

134.34 ( 4"-CCHO), 138.76, 134.96, 132.60 (3', 4', 6'-CH), 129.7 4, 126.22 (2" /6", 

311 /5"-CH), 36.15, 35.34 (1,4 -C), 31.81, 29.91 (2,3 -CH2) ppm. Mass spectrum 

(EI, 70eV): m/z (relative intensity, %) 323 (M+ + 2H + 1, 21), 322 (M+ + 2H, 

94), 321 (M+ + 1, 20), 320 (M+, 83), 188 (54), 185 (62), 184 (74), 171 (66), 162 

(88), 161 (62), 147 (94), 136 (71), 115 (51), 91 (100). Exact mass for C21 H20 0 3: 

calcd 320.1413, obsd 320.1409. 
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4 11-Formyl-4'-chloro-2' ,5'-dihydroxy -1,4-diphenylbicyclo( 2.2.2] oc

tane ( 49) Aryl quinone 48 (24.6 mg, 0.077 mmol) was dissolved in 10 mL dry 

. THF. The flask was purged with argon and cooled to 0°C. HCl gas was bubbled 

through the solution for 8 min at 0° C with a slow argon purge. The solution was 

poured into H2 0 and neutralized with N aHC03, and copiously extracted with 

Et20. The combined organics were washed with H20, saturated NaCl, dried over 

Na2S04 , and the solvent was removed in vacuo yielding a green oil. A majority of 

the THF breakdown product was removed by high vacuum treatment (1 Torr) for 

4-6 hours. The remaining residue was dissolved in Et2 0 and precipitated by addi

tion of hexane. The solid was placed under high vacuum overnight. The material 

was purified by flash chromatography (2.5x15 em column, 30% EtOAc/hexane, 

fraction size 8 mL) Two products were observed to be present by TLC, RJ = 0.56, 

0.32. The two components were isolated, the faster moving material identified as 

the chloroquinone 50 (8 mg, 0.023 mmol), and the slower component was found to 

be the chlorohydroquinone product 49 (14.9 mg, 0.042 mmol), for a combined yield 

of 83%. NMR analysis revealed the product to be a mixture of the 4'- ( ......,60%) and 

3'-chloro ( ......,40%) derivatives, inseparable with the above chromatography condi

tions. IR (KBr): Vmax 3400(br, -OH) 2930, 2910(sh), 2850, 1680(br), 1605, 1570, 

1505, 1270, 1190(br), 1165, 840, 785 cm-1. 

4'-chloro isomer: 1H NMR (400MHz, CD2Ch, TMS): 8 9.96 (1H, -CHO), 

7.823, 7.802 (!AA'BB' q, 2H, J=8.3Hz), 7.559, 7.539 (!AA'BB' q, 2H, J=8.3Hz), 

6.85 (s, 1H), 6.71 (s, 1H), 4.6 (br s, -OH), 2.18-2.04 (m, 6H, 3xCH2), 2.02-1.87 

(m, 6H, 3xCH2),ppm. 13C NMR (50.3MHz, CD30D, TMS): 8 194.10 (4"-CHO), 
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159.33 (1"-C), 150.80, 146.43 (2', 5'-COH), 136.11 (1'-C), 135.62 (4"-CCHO), 

130.65, 127.51 (2" /6", 3" /5"-CH), 118.26 (4'-CCl), 117.73, 116.40 (3', 6'-CH), 

36.48, 36.03 (1,4 -C), 33.58, 30.85 (2,3 -CH2) ppm. 

3'-chloro isomer: 1H NMR (400MHz, CD2Cl2, TMS): 8 9.96 (1H, -CHO), 

7.823, 7.802 (~AA'BB' q, 2H, J=8.3Hz), 7.559, 7.539(~AA'BB' q, 2H, J=8.3Hz), 

6.74(sh) (d, 1H, J=.-3Hz), 6.65 (d, 1H, J=.-3Hz), 4.6 (br s, -OH), 2.18-2.04 

(m, 6H, 3xCH2), 2.02-1.87 (m, 6H, 3xCH2),ppm. 13 C NMR (50.3MHz, CD 3 0D, 

TMS): 8 194.10 (4"-CHO), 159.33 (1"-C), 151.16, 150.37(sh) (2', 5'-COH), 139.83 

(1'-C), 135.62 (4"-CCHO), 130.65, 127.51 (2" /6", 311 /5"-CH), 126.17 (3'-CCl), 

114.39, 114.10 (4', 6'-CH), 36.48, 36.03 (1,4 -C), 33.58, 30.85 (2,3 -CH2) ppm. 

Mass spectrum (EI, 70eV): m/z (relative intensity,%) 358 (M+ [37 Cl], 30), 

357 (M+ (35 Cl] + 1, 22), 356 (M+ [35 Cl], 100), 354 (M+ [35 Cl]-2H, 14), 198 (41), 

196 (75), 195 (49), 184 (26), 171 (26), 169 (59), 115 (31), 91 (47). Exact mass 

for C21H21 0335 Cl: calcd 356.1179, obsd 356.1167. Exact mass for C21 H21 0 3
37 Cl: 

calcd 358.1150, obsd 358.1167. 

4"-Formyl-4-{4'-chloro-2',5'-benzoquinonyl)-1-phenylbicy

clo[2.2.2]octane (50) Chlorohydroquinone 49 (19.8 mg, 0.056 mmol) was dis

solved in hot CH2 Ch and transferred to a 25 mL erlenmeyer. A large excess of 

Pb02 (0.85 g, 50 eq) was added and the solution was stirred for 10 minutes on a 

warm hot-plate until TLC (35% EtOAc/Hexane, short .X UV detection) showed 

the reaction had largely gone to completion. The warm solution was concentrated 

in vacuo and loaded onto a Grade III alumina column (2.5x6 em, fraction size 5 
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mL) and eluted with 7% CH3 CN/CH2 Cl2 (v/v). Fractions 4-8 contained pure 50 

(16.2 mg, 0.046 mmol, yield: 65%). NMR analysis revealed the product to be a 

mixture of the 4'- (,.....,60%) and 3'-chloro (,.....,40%) derivatives. IR (KBr): llmax 

2960, 2910(sh), 2860, 2720, 1695, 1660, 1650 (C=O), 1605, 1585, 1385, 1265, 1210, 

1095(br), 1010, 915, 815, 795, 535 cm- 1 . 

4'-chloro isomer: 1H NMR (400MHz, CD2 Ch, TMS): 8 9.96 (1H, -CHO), 

7.824, 7.803 (~AA'BB' q, 2H, J=8.3Hz), 7.541, 7.519 (~AA'BB' q, 2H, J=8.3Hz), 

6.92 (s, 1H), 6.69 (s, 1H) 2.02 (br s, 12H) ppm. 13C NMR (50.3MHz, CDC13 ): 

8 191.94 (4"-CHO), 185.35, 180.14 (2', 5'-C=O), 156.36 (1"-C), 155.73 (1'-C), 

142.56 (4'-CCl), 134.36 (4"-CCHO), 135.59, 132.25 (3', 6'-CH), 129.74, 126.18 

(2" /6", 3" /5"-CH), 36.38, 35.30 (1,4 -C), 31.72, 30.03 (2,3 -CH2 ) ppm. 

3'-chloro isomer: 1H NMR (400MHz, CD 2 Cb, TMS): 8 9.96 (1H, -CHO), 

7.824, 7.803 (~AA'BB' q, 2H, J=8.3Hz), 7.541, 7.519 (~AA'BB' q, 2H, J=8.3Hz), 

6.67 (d, 1H, J=1.6 Hz), 6.54 (d, 1H, J=l.6 Hz), 2.02 (br s, 12H) ppm. 13 C NMR 

(50.3MHz, CDC13 ): 8 191.94 ( 4"-CHO), 185.11, 180.62 (2', 5'-C=O), 156.36 

(1"-C), 155.00 (1'-C), 145.59 (3'-CCl), 134.36 (4"-CCHO), 132.93, 132.40(sh) 

( 4', 61-CH), 129.7 4, 126.18 (2" /6", 311 /5"-CH), 36.38, 35.30 (1,4 -C), 31. 72, 30.03 

(2,3 -CH2 ) ppm. 

Mass spectrum (EI, 70e V): m/z (relative intensity, %) 356 (M+ [37 Cl], 

M+ (35 Cl] + 2H, 100), 354 (M+ [35 Cl], 14), 198 (41), 196 (75), 195 (49), 184 

(26), 171 (26), 169 (59), 115 (31), 91 (47). Exact mass for C21 H19 0 3
35 Cl: calcd 

354.1024, obsd 354.1020. 
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4"-Formyl-3',4'-dichloro-2',5'-dihydroxy -1,4-diphenylbicy

clo[2.2.2]octane (51) Chloroquinone 50 (13.8 mg, 0.039 mmol) was dissolved in 

10 mL dry THF. The flask was purged with argon and cooled to 0°C. HCl gas was 

bubbled through the solution with a slow argon purge until the yellow color of the 

quinone solution had disappeared C·-10 min at 0°C). The solution was poured into 

H20 and neutralized with NaHC03 , and extracted with Et20. The combined or

ganics were washed with H20, saturated NaCl, dried over Na2S0 4 , and the solvent 

was removed in vacuo. The THF breakdown product was removed by high vacuum 

treatment (1 Torr) overnight. The remaining residue was dissolved in Et20 and 

precipitated by addition of hexane. The crude material was purified by flash chro

matography (2.5x15 em column, 30%Et0Ac/hexane, major product R1= 0.25, 

fraction size 5 mL) The major component was isolated to yield 9. 7 mg of dichloro

hydroquinone 51 (0.025 mmol, yield: 64%). IR (KBr): Vmax 3400(br, -OH), 2950, 

2910, 2850, 2750(w), 1675(br), 1605, 1570, 1505, 1455, 1410, 1318(sh), 1290, 1275, 

1205(br), 1175, 840, 795, 540 cm- 1 . 1 H NMR (200MHz, CD3 0D, TMS): 8 9.95 

(lH, -CHO), 7.872, 7.830 (!AA'BB' q, 2H, J=8.4Hz), 7.626, 7.584 (!AA'BB' q, 

2H, J=8.5Hz), 6.79 (s, lH, 6'-CH), 2.21-2.09 (m, 6H, 3xCH2), 2.05-1.92 (m, 6H, 

3xCH2) ppm. 13 C NMR (50.3MHz, CD3 0D, TMS): 8 194.11 (4"-CHO), 159.10 

(1"-C), 147.98, 146.63 (2', 5'-COH), 137.55 (1'-C), 135.69 (4"-CCHO), 130.68, 

127.50 (2"/6", 3"/5"-CH), 126,85, 126.23 (3', 4'-CCl), 114.42 (6'-CH), 36.82, 

36.48 (1,4 -C), 33.51, 30.87 (2,3 -CH2) ppm. Mass spectrum (EI, 70eV): m/z 

(relative intensity, %) 392 (M+ [35 Cl37Cl], 13), 390 (M+ [35 Cb], 34), 185 (47), 

184 (49), 171 (39), 129 (51), 128 (46), 115 (64), 91 (100), 77 (41), 55 (45). Ex-
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act mass for C21H2o0335 Cl37Cl: calcd 392.0760, obsd 392.0766; C21 H20 0 335 Ch: 

calcd 390.0791, obsd 390.0774. 

Preparation of Porphyrins 1, 3, 41, 42, 43 

5-[ 4'-(2" ,5"-Dimethoxyphenyl)phenyl]- 2, 3, 7, 8, 12, 13, 17, 18 -oc

tamethylporphyrin (52) A flask was charged with ac-biladiene dihydrobromide 

36145 (555 mg, 0.957 mmol), biphenyl-aldehyde 24 (470 mg, 1.9 mmol, 2.1 eq), 

anhydrous methanol (150 mL), and freshly prepared HBr saturated acetic acid 

(15 drops). The mixture was heated to reflux in air but protected from light 

for 24 hours. The cooled reaction mixture was neutralized with N aHC03, and 

filtered. The filtrate was discarded, and the precipitate was dissolved in CHC!a 

and filtered. The solvent was removed in · vacuo in darkness, and the material 

was purified by flash chromatography in 2% acetone/CH2 Cl2 (v/v). Spectroscopic 

yield, (e4o4 = 170,000 estd) 20%. UV-Vis(CHC!a): Amax 320(sh), 404, 502, 536, 

570, 624 nm. 1H NMR (500MHz, CDC!a, TMS): 8 10.12 (s, 2H, 10, 20-CH), 9.91 

(s, 1H, 15-CH), 8.056, 8.040 (~AA'BB' q, 2H, J=8.1Hz), 7.914, 7.898 (~AA'BB' 

q, 2H, J=7.8Hz), 7.25 (obscured by solvent, 6"-CH), 7.08 (d, 1H, J= 8.9 Hz, 

3"-CH), 6.96 (dd, 1H, J= 8.9, 3.1 Hz, 4"-CH), 3.93 (s, 3H, -OCH3), 3.91 (s, 3H, 

-OCH3), 3.60 (s, 6H, 13, 17-CH3), 3.57 (s, 6H, 12, 18-CH3), 3.52 (s, 6H, 2, 8-

CH3), 2.53 (s, 6H, 3, 7-CH3) ppm. Mass spectrum (Fast Atom Bombardment, 

positive ion, o-nitrophenyloctylether matrix): m/z (relative intensity, %) Exact 

mass for C42H42N402: calcd 634.3308, (M+ + H) 635.3386, obsd 635.3359. 
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5-[4'-(2",5"-Dihydroxyphenyl)phenyl]- 2, 3, 7, 8, 12, 13, 17,18 -octa

methylporphyrin (53) A solution of H2P0DMB 52 (20 mg, 0.032 mmol) in 

dry CH2Cl2 was cooled to -78°C in an argon-purged flask protected from light. 

Boron tribromide (3 mL, 1.0 M in CH2Cl2, 3 mmol, 100 eq) was slowly added 

to the porphyrin solution. The reaction was allowed to stir for 1 hour at -78°C, 

then warmed to room temperature and allowed to react for 12 hours. The reac

tion was quenched by the addition of aqueous ammonia. The reaction was poured 

into CHCl3, washed with water, dried over Na2S04, filtered, and the solvent was 

removed in vacuo. The material was stored as a solid under argon and protected 

from light. UV-Vis (CHCl3): Amax 320(sh), 404, 502, 535, 571,624 nm. 1H NMR 

(500MHz, CDC13, TMS): 8 10.15 (s, 2H, 10, 20-CH), 9.95 (s, 1H, 15-CH), 8.169, 

8.152 (~AA'BB' q, 2H, J=8.1Hz), 7.920, 7.905 (~AA'BB' q, 2H, J=7.8Hz), 7.25 

(obscured by solvent, 611-CH), 7.04 (d, 1H, J= 10.3 Hz, 3"-CH), 6.97 (dd, 1H, 

J= 10.3, 2.4 Hz, 4"-CH), 3.62 (s, 6H, 13,17-CH3), 3.59 (s, 6H, 12,18-CH3), 3.53 

(s, 6H, 2,8-CH3), 2.48 (s, 6H, 3,7-CH3) ppm. Mass spectrum (Fast Atom Bom

bardment, positive ion, m-nitrobenzylalcohol matrix): m/z (relative intensity,%) 

Exact mass for C4oH3aN402: calcd 606.2995, (M+ -2H) 604.2838, obsd 604.2824. 

5-{ 4'-[4"-(2"',5"'-Dimethoxy-4"'- bromophenyl)bicyclo[2.2.2]octyl]

phenyl}- 2, 3, 7, 8, 12, 13, 17, 18-octamethylporphyrin (54) Bromoarylalde

hyde 46 (50 mg, 0.12 mmol), and ac-biladiene dihydrobromide 36145 (69 mg, 0.12 

mmol) were .suspended in anhydrous methanol (15 mL). Freshly prepared HBr 

saturated acetic acid (2 drops) was added, and the reaction was refluxed under 
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aerobic conditions, but protected from light for 20 hours. The cooled · reaction 

was neutralized with NaHC03 and dissolved in CHCb. The organic layer was 

washed with water, dried over Na2S04 , filtered, and the solvent was removed in 

vacuo. The crude material was purified in 4% CH3CNjCH2Cl2 (RJ= 0.56) by 

flash chromatography. Spectroscopic yield, (E4o4 = 170,000 estd) ""20%. UV-Vis 

(CHCb): ..\max 402, 501, 534, 570, 623 nm. 1H NMR (500MHz, CD2Cb, TMS): 

8 10.17 (s, 2H, 10, 20-CH), 9.98 (s, 1H, 15-CH), 7.950, 7.934 ( tAA' BB' q, 2H, 

J=8.0Hz), 7.759, 7.743 (tAA'BB' q, 2H, J=8.0Hz), 7.11 (s, 1H, 3"' or 6"'-CH), 

6.96 (s, 1H, 3"' or 6"'-CH), 3.90 (s, 3H, -OCH3), 3.88 (s, 3H, -OCH3), 3.63 (s, 

6H, 13,17-CH3), 3.60 (s, 6H, 12,18-CH3), 3.54 (s, 6H, 2,8-CH3), 2.45 (s, 6H, 

3,7-CH3), 2.27 (s, 12H, 6xCH2) ppm. Mass spectrum (Fast Atom Bombardment, 

positive ion, dithiothreitol/ dithioerythritol matrix): m/z (relative intensity, %) 

CsoHs3N4 02 79Br: · calcd 820.3352, (M+ + H) 821.3430, obsd 821.3447. 

5-{ 4'-[4"-(2"',5"'-Dihydroxy-4"'- chlorophenyl)bicyclo[2.2.2]octyl]

phenyl}- 2,3,7,8,12,13,17,18 -octamethylporphyrin (55) A flask was 

charged with chlorohydroquinone 49 (16.9 mg, 4. 7x1o-2 mmol), ac-biladiene di

hydrobromide 36145 (27.4 mg, 4.8x1o-2 mol) and anhydrous methanol (2.1 mL). 

Freshly prepared HBr saturated acetic acid ( 1 drop) was added, and the reaction 

was refluxed under aerobic conditions, but protected from light for 18 hours. The 

cooled reaction was neutralized with NaHC03 and dissolved in CHCb. The or

ganic layer was washed with water, dried over Na2S0 4 , filtered, and the solvent was 

removed in vacuo. Two products were observed by TLC (4% qH3CNjCH2Cl2) to-
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have the desired red fluorescence under long wavelength UV irradiation. (R t"-0.6, 

.-0.1) The corrole side product (Rt.-0.4) was separated from the desired free

base porphyrins by flash chromatography in 4% CH3CNjCH2Cb. The quinone 

and hydroquinone products were combined for further metallation and oxidation. 

Spectroscopic yield, ( €404 = 170,000 estd) --35%. 

5-{ 4'-[ 4"-(2"' ,5111
- Dihydroxy-3 111 ,4111-dichlorophenyl) bicyclo[ 2.2.2] oct

yl]phenyl}- 2, 3, 7, 8, 12, 13, 17,18 -octamethylporphyrin (56) Dichlorohy-

droquinone 51 (10.1 mg, 0.026 mmol), ac-biladiene dihydrobromide 36145 (14.8 

mg, 0.026 mmol) and anhydrous methanol (2.5 mL) were added to a flask. HEr 

saturated acetic acid (1 drop) was added and the solution was heated to reflux un

der air but protected from light for 12 hours. The cooled reaction was neutralized 

with NaHC03 and dissolved in CHC13. The organic layer was washed with water, 

dried over Na2S0 4 , filtered, and the solvent was removed in vacuo. The corrole 

side product was separated by flash chromatography in 3% CH3 CN / CH2 Cl2. The 

porphyrin-quinone product from the oxidation of the hydroquinone (Pb02) was 

observed to have an R t= 0.58 in this solvent system. Spectroscopic yield, ( €404 

= 170,000 estd) --20%. UV-Vis (CH2Cb): .\max 401, 501, 534, 570, 624 nm. 1H 

NMR (400MHz, CD2Cb, TMS): 8 10.17 (s, 2H, 10, 20-CH), 9.98 (s, 1H, 15-CH), 

7.964, 7.944 (!AA'BB' q, 2H, J=8.1Hz), 7.733, 7.713 (!AA'BB' q, 2H, J=8.1Hz), 

6.85 (s, 1H, 6111-CH), 3.63 (s, 6H, 13,17-CH3), 3.60 (s, 6H, 12,18-CH3), 3.53 (s, 

6H, 2,8-CH3), 2.44 (s, 6H, 3,7-CH3), 2.2 (br s, 12H, 6xCH2) ppm. 
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· 5-{ 4'-[ 4"'-( 2 1111 ,5""-Dimethoxyphenyi)~ 1" ,1111-bibicyclo[ 2.2.2] octyl ]

phenyl}- 2, 3, 7, 8, 12, 13, 17,18 -octamethylporphyrin {37) Bislinker-al-

dehyde 20 (92 mg, 0.20 mmol), ac-biladiene dihydrobromide 36145 (100 mg, 0.17 

mmol) and anhydrous methanol (30 mL) were added to a flask. HBr saturated 

acetic acid (5 drops) was added and the solution was heated to reflux under air 

but protected from light for 24 hours. The cooled reaction was neutralized with 

NaHC03 and dissolved in CHC13. The organic layer was washed with water, dried 

over Na2S0 4 , filtered, and the solvent was removed in vacuo. The product was 

purified by flash chromatography in 3% CH3CNjCH2Ch (Rt=0.30). Spectro

scopic yield, (€404 = 170,000 estd) .....,15%. UV-Vis (CHCl3): Amax 404 (€ 175,000 

estd), 503 (14,000 estd), 537.5 (6100 estd), 571 (6000 estd), 625 (2100 estd) nm. 

1 H NMR ( 400MHz, CDC13, TMS): 8 10.10 (s, 2H, 10,20-CH), 9.90 (s, 1H, 15-

CH), 7.898, 7.877 (!AA'BB' q, 2H, -CH,J=8.4Hz), 7.642, 7.621 (!AA'BB' q, 

2H, -CH ,J =8.4Hz), 6.81 ( d, 1H, J = 2.9 Hz, 61111-CH), 6. 79 ( d, 1H, J = 9.2 Hz, 

3""-CH), 6.67 (dd, 1H, J= _8.8, 2.9 Hz, 4""-CH), 3.80 (s, 3H, -OCH3), 3.77 

(s, 3H, -OCH3), 3.59 (s, 6H, 13,17-CH3), 3.56 (s, 6H, 12,18-CH3), 3.49 (s, 6H, 

2,8-CH3), 2.40 (s, 6H, 3,7-CH3), 2.07 (m, 6H, 3xCH2), 1.94 (m, 6H, 3xCH~), 

1.68 (m, 6H, 3xCH2), 1.58 (m, 6H, 3xCH2) ppm. Mass spectrum (Fast Atom 

Bombardment, positive ion, dithiothreitol/ dithioerythritol matrix): m/z (relative 

intensity, %) Exact mass for CssH66N4 0 2: calcd 850.5186, (M+ + H) 851.5264, 

obsd 851.5270. 
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5-{ 4'-(4"'-{2"",5""-Dihydroxyphenyl)-1",1"'-bibicyclo(2.2.2]octyl]

phenyl}- 2,3,7,8,12,13,17,18 -octamethylporphyrin (57) A solution of 

H2P2DMB 37 ( ...... 25 mg, 0.03 mmol) in dry CH2Cb was cooled to -78°C in an 

argon purged flask protected from light. Boron tribromide (3.5 mL, l.OM in hex

anes, 3.5 mmol, 120 eq) was slowly added to the porphyrin solution. The reaction 

was allowed to stir for 3 hours at -78°C, then warmed to room temperature and 

allowed to stir an additional 12 hours. The reaction was quenched by the ad

dition of aqueous ammonia. The reaction was poured into CHCb, washed with 

water, dried over Na2S0 4 , filtered, and the solvent removed in vacuo. The prod

uct was purified by flash chromatography in 10% CH3CN/CH2Cb (RJ= 0.31). 

The estimated solubility limit for this compound in CHCb ( E404 = 170,000 est d) 

is 4x10-6 M. UV-Vis (CHC13): ..\max 298(sh), 404, 504, 538, 571, 624 nm. 

5-{ 4'-[ 4"'-{2"" ,5""-Benzoquinoliyl )-1" ,1"'-bibicyclo( 2.2.2] octyl ]

phenyl}- 2, 3, 7, 8, 12, 13, 17,18 -octamethylporphyrin {58) A saturated so

lution of H2P2QH2 57 in 100 mL CH2Cl2 (.....,4x10-4 mmol) was oxidized with .a 

large excess of Pb02 (200 mg) on a hot plate over low heat for 30 min protected 

from light. The solution was filtered, concentrated in vacuo, and purified in 10% 

CH3CNjCH2Cb (RJ= 0.75) by flash chromatography. UV-Vis (C 6 H6 ): ..\max 

404, 502, 534, 574, 628 nm. (E4o4 = 175,000 estd) 1H NMR (500MHz, CDC13, 

TMS): 8 10.10 (s, 2H, 10,2Q-CH), 9.90 (s, 1H, 15-CH), 7.897, 7.880 ( ~AA' BB' q, 

2H, 2',6'-CH,J=8.2Hz), 7.630, 7.615 (~AA'BB' q, 2H, 3',5'-CH,J=7.6Hz), 6.67 

(s, 2H), 6.53 (s, 1H), 3.60 (s, 6H, 13,17-CH3), 3.57 (s, 6H, 12,18-CH3), 3.49 (s, 6H, 

2,8-CH3), 2.39 (s, 6H, 3,7-CH3), 2.07 (m, 6H, 3xCH2), 1.80 (m, 6H, 3xCH2 ), 1.66 
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(m, 6H, 3xCH2), 1.58 -(m, 6H, 3xCH2) ppm. Mass spectrum (Fast Atom Bom

bardment, positive ion, m-nitrobenzylalcohol matrix): m/z (relative intensity,%) 

Exact mass for Cs6H6oN40 2 calcd 820.4716, (M+ +H) 821.4794, obsd 821.4770. 

[ 5-{ 4'-[ 4"-(2 111 ,5 111-Benzoquinonyl) ]phenyl}- 2, 3, 7, 8, 12, 13, 17, 18-

octamethylporphyrinato]zinc(II) (1) A solution of H2POQH2 53 in 50 mL 

CH2 Cl2 ( --2x1o-3 mmol) was metallated under standard conditions by the addi

tion of 2 mL of anhydrous methanol saturated with zinc acetate. The solution was 

allowed to stir for 20-30 min. The mixture was then poured into water and the 

organic layer was separated and dried over Na2S04. Lead dioxide (--100 mg) was 

added to the filtered solution and the slurry was stirred for 15 min on a hot plate 

over low heat. The solution was again filtered and concentrated in vacuo, and the 

product was purified by flash chromatography in CH2Ch (Rt= 0.42). UV-Vis 

(CHCla): ..\max 240 (t: 40,000 estd), 340(sh) (25,000 estd), 406.5 (375,000 estd), 

536 (20,000 estd), 571 (17,000 estd) nm. 1H NMR (400MHz, CD2Ch, TMS): 8 

10.17 (s, 2H, 10,20-CH), 10.04 (s, 1H, 15-CH), 8.17, 8.15, ( ~AA' BB' q, 2H, 2' ,6'

CH,J=7.9Hz), 7.94, 7.92, ( ~AA'BB' q, 2H, 3',5'-CH,J=8.2Hz), 7.252 (d, 1H, 6111
-

CH, J=2.4Hz), 7.031 (d, 1H, 3111-CH, J=10.1Hz), 6.958 (dd, 1H, 4111-CH, J=10.1, 

2.1 Hz), 3.63 (s, 6H, 13,17-CHa), 3.62 (s, 6H, 12,18-CH3), 3.55 (s, 6H, 2,8-CH3), 

2.50 (s, 6H, 3,7-CH3) ppm. Mass spectrum (Fast Atom Bombardment, positive 

ion, dithiothreitol/ dithioerythritol matrix): m/z (relative intensity,%) Exact mass 

for C4oH3sN402Zn: calcd 666.1973, (M++H) 667.2051, obsd 667.2051. 
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[5-{ 4'-[ 4"-( 4 111-Bromo-2111,5 111-benzoquinonyl)bicyclo[2.2.2]oct

yl]phenyl}- 2, 3, 7, 8, 12, 13, 17,18 -octamethylporphyrinato]zinc(II) (41) 

A solution of free-base H2 P1DMB(Br) 54 (2.4 mg, 2.9x10-3 mmol) in 4 mL dry 

CH2Ch was cooled to 0°C in an argon purged flask protected from light. Boron 

triiodide (90 mg) was weighed into a dry flask under argon, and dissolved in 200 

J,LL of dry CH2Ch. A portion of the BI3 solution (130 J,LL, 150 mmol, 50 eq) 

was added all at once to the porphyrin solution. The reaction was allowed to stir 

for 10 min at 0°C. The reaction was then quenched by the addition of aqueous 

ammonia, and was poured into CHCh. The organics were washed with water, 

dried over Na2S04, filtered, and the solvent was removed in vacuo. The reaction 

yielded three products by TLC, (4% CH3CNjCH2Cl2, long.\ UV detection) Rt= 

0.56, 0.30, and 0.15. The fastest and slowest components were found to be the 

quinone and hydroquinone products, respectively. The mixture was purified by 

flash chromatography in 4% CH3CN/CH2Cl2 (v/v). The fastest and slowest mov

ing components were combined, and the middle component was isolated. NMR 

analysis confirmed this material was the monodeprotected product which was re

tained for future deprotection. A solution of the porphyrin hydroquinone (ca. 2 

mg) in CH2Ch (20 mL) was metallated by adding 1-2 mL of anhydrous methanol 

saturated with zinc acetate. This solution was allowed to stir for 20-30 min pro

tected from light. The mixture was then poured into water and the organic layer 

was separated and dried over Na2S04 and filtered. Lead dioxide ( ,_ 100 mg) was 

added and the solution was allowed to stir for 15 min on a hot plate over low heat. 

The solution was again filtered and concentrated in vacuo, a~d the product was 
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purified by flash chromatography in CH2Ch (RJ= 0.75). UV-Vis (CHCh): .\max 

267 (E 20,000 estd), 340(sh) (22,000 estd), 406 (375,000 estd), 536 (18,000 estd), 

572 (16,000 estd) nm. 1 H NMR (400MHz, CD2Ch, TMS): 8 10.16 (s, 2H, 10,20-

CH), 10.04 (s, 1H, 15-CH), 7.96, 7.94, (!AA'BB' q, 2H, 2',6'-CH,J=8.2Hz), 7.73, 

7.71, (!AA'BB' q, 2H, 3',5'-CH,J=8.2Hz), 7.26 (s, 1H, 3"' or 6"'-CH), 6.85 (s, 

1H, 3111 or 6111-CH), 3.63 (s, 6H, 13,17-CH3), 3.62 (s, 6H, 12,18-CH3), 3.53 (s, 

6H, 2,8-CH3), 2.44 (s, 6H, 3,7-CH3), 2.26 (m, 6H, 3xCH2), 2.14 (m, 6H, 3xCH2) 

ppm. Mass spectrum (Fast Atom Bombardment, positive ion, m-nitrobenzylal

cohol matrix): m/z (relative intensity, %) Exact mass for C4aH4sN4 02 79 BrZn: 

calcd 852.2017, (M+ + 2H) 854.217 4, obsd 854.2151. 

[5-{ 4'-[4"-(4"'-Chloro-2"',5"'-benzoquinonyl)bicyclo[2.2.2]octyl]

phenyl}- 2, 3, 7, 8, 12, 13, 17,18 -octamethylporphyrinato]zinc(II) (42) A 

solution of H2PlQH2 Cl 55 (ca. 2 mg) in CH2Ch (20 mL) was metallated by the 

standard procedure of adding 1-2 mL of anhydrous methanol saturated with zinc 

acetate. This solution was allowed to stir for 2Q-30 min protected from light. The 

mixture was then poured int~ water and the organic layer was separated and dried 

over Na2S04 and filtered. Lead dioxide ( --100 mg) was added and the solution 

was allowed to stir for 15 min on a hot plate over low heat. The solution was 

again filtered and concentrated in vacuo, and the product was purified by flash 

chromatography in CH2 Ch (R 1= 0.67). NMR analysis indicated the material is 

a mixture of the 4"'- (--60%) and 3"'-chloro (--40%) isomers. UV-Vis (CHCh): 

.\max 262 ( f 24,000 estd), 340(sh) (21,000 estd), 406.5 (375,000 estd), 536 (18,000 
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estd), 572 (16,000 estd) nm. 

4"'-chloro isomer: 1 H NMR (400MHz, CD2Ch, TMS): 8 10.15 (s, 2H, 10,20-

CH), 10.02 (s, 1H, 15-CH), 7.96, 7.94, (!AA'BB' q, 2H, 2',6'-CH,J=8.2Hz), 7.73, 

7.71, (!AA'BB' q, 2H, 3',5'-CH,J=8.2Hz), 6.98 (s, 1H, 3"' or 6"'-CH), 6.80 (s, 

1H, 3"' or 6"'-CH), 3.62 (s, 12H, 12,13,17,18-CH3), 3.53 (s, 6H, 2,8-CH3), 2.44 

(s, 6H 3,7-CH3), 2.26 (m, 6H, 3xCH2), 2.14 (m, 6H, 3xCH2) ppm. 

3"'-chloro isomer: 1 H NMR (400MHz, CD2Ch, TMS): 8 10.15 (s, 2H, 10,20-

CH), 10.02 (s, 1H, 15-CH), 7.96, 7.94, (!AA'BB' q, 2H, 2',6'-CH,J=8.2Hz), 

7.73, 7.71, ( !AA'BB' q, 2H, 3',5'-CH,J=8.2Hz), 6.80 (d obscured by para-chloro 

isomer, 1H, 4111 or 6"'-CH), 6.69 (d, 1H, 4"' or 6"'-CH, J=2.4Hz), 3.62 (s, 12H, 

12,13,17,18-CH3), 3.53 (s, 6H, 2,8-CH3), 2.44 (s, 6H 3,7-CH3), 2.26 (m, 6H, 

3xCH2), 2.14 (m, 6H, 3xCH2) ppm. 

Mass spectrum (Fast Atom Bombardment, positive ion, o-nitrophenyloctyl

ether matrix): m/z (relative intensity, %) Exact mass for C4sH4 sN4 0235 ClZn: 

calcd 808.2523, obsd 808.24 70~ 

[5-{ 4'-[ 4"-(3"' ,4"'-Dichloro-2"',5"'-benzoquinonyl)bicyclo[2.2.2]oct

yl]phenyl}- 2, 3, 7, 8, 12, 13, 17,18 -octamethylporphyrinato]zinc(II) ( 43) 

A solution of H2PlQH2Cl2 56 (ca. 2 mg) in CH2Ch (20 mL) was metallated by 

adding 1-2 mL of anhydrous methanol saturated with zinc acetate. This solution 

was allowed to stir for 20-30 min protected from light. The mixture was then 

poured into water and the organic layer was separated and dried over Na2S0 4 

and filtered. Lead dioxide ( "'-J 100 mg) was added and the solution was to stirred 
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for 15 min on a hot plate over low heat. The solution was again filtered and 

concentrated in vacuo, and the product was purified by flash chromatography in 

CH2Cb (Rt= 0.76). UV-Vis (CHCb): Amax 266 (e 21,000 estd), 340(sh) (22,000 

estd), 406.5 (375,000 estd), 536.5 (18,000 estd), 571.5 (16,000 estd) nm. 1 H NMR 

(400MHz, CD2Cb, TMS): 8 10.17 (s, 2H, 10,20-CH), 10.06 (s, 1H, 15-CH), 7.966, 

7.946, (!AA'BB' q, 2H, 2',6'-CH,J=7.9Hz), 7.734, 7.713, (!AA'BB' q, 2H, 3',5'

CH,J=8.2Hz), 6.86 (s, 1H, 6"-CH), 3.63 (s, 12H, 12,13,17,18-CH3), 3.54 (s, 6H, 

2,8-CH3), 2.44 (s, 6H 3,7-CH3), 2.28 (m, 6H, 3xCH2), 2.15 (m, 6H, 3xCH2) ppm. 

Mass spectrum (Fast Atom Bombardment, positive ion, o-nitrophenyloctylether 

matrix): m/z (relative intensity, %) Exact mass for C48 H44 N4 0 235 CbZn: calcd 

842.2133, obsd 842.2185. 

[ 5-{ 4 1 
-[ 4 111

-( 21111 ,51111
- Benzoquinony I )-1" ,1"' -bibicyclo [ 2. 2. 2] octy I]

phenyl}- 2,3,7,8,12,13,17,18 -octamethylporphyrinato]zinc(II) (3) A 

solution of H2P2QH2 57 (ca. 2 mg) in CH2Cb (20 mL) was metallated by the 

addition of 1-2 mL of anhydrous methanol saturated with zinc acetate. This 

solution was stirred for 20-30 min protected from light. The mixture was then 

poured into water and the organic layer was separated, dried over Na2S0 4 , and 

filtered. Lead dioxide ( 1"-J 100 mg) was added and the solution was allowed to stir 

for 15 min on a hot plate over low heat. The solution was again filtered and 

concentrated in vacuo, and the product was purified by flash chromatography 

in CH2Cl2 (Rt= 0.57). UV-Vis (CHCl3): Amax 248 (e 30,000 estd), 340(sh) 

(22,000 estd), 406 (375,000 estd), 536 (18,000 estd), 572 (16,000 estd) nm. UV-
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Vis (CH3CN): Amax 242, 336, 408, 538, 574 nm. (e4os = 380,000 estd) 1H NMR 

(400MHz, CD2Cl2, TMS): 8 10.18 (s, 2H, 10,2Q-CH), 10.08 (s, 1H, 15-CH), 7.92, 

7.90, (!AA'BB' q, 2H, 2',6'-CH, J=8.6Hz), 7.69, 7.67, (!AA'BB' q, 2H, 3',5'

CH, J =8.2Hz), 6.66 (s, 2H, 31111 ,4""-CH), 6.53 (s, 1H, 6""-CH), 3.64 (s, 12H, 

12,13,17,18-CH3), 3.53 (s, 6H, 2,8-CH3), 2.43 (s, 6H 3,7-CH3), 2.12 (m, 6H, 

3xCH2), 1.85 (m, 6H, 3xCH2), 1.68 (m, 6H, 3xCH2), 1.51(sh) (m, 6H, 3xCH2) 

ppm. Mass spectrum (Fast Atom Bombardment, positive ion, dithiothreitol/ di

thioerythritol matrix): m/z (relative intensity,%) Exact mass for C56 H58 N4 0 2Zn: 

calcd (M+) 882.3851, (M+ +H) 883.3929, obsd 883.3929. 

Preparation of Platinum Porphyrins 59, 60, 61 

[5-(4'-t-Butylphenyl) -2, 3, 7, 8, 12, 13, 17, 18-octamethylporphyrin

ato]platinum(II) (59) A CH2Cb solution of free-base t-butylporphyrin145 was 

transferred to a 50 mL flask. The porphyrin concentration was determined (UV

Vis, E404 = 175,000 estd, 2.04x10-2 mmol) and the solvent was removed in vacuo. 

Glacial acetic acid (10 mL), sodium acetate (170 mg), and K2PtC14 (160 mg, 19 eq) 

were added and the mixture was heated to reflux unde~ argon and protected from 

light. After 30 min, 6-7 mL of the acetic acid was distilled off under argon and the 

concentrated solution was allowed to reflux an additional15 min. The reaction was 

allowed to cool for 1 hour. The mixture was then poured into water, and the aque

ous layer was extracted with 3x25 mL CHC13. The combined organics were dried 

over Na2S04 , filtered, and the solvent was removed in vacuo. The material was 

purified by ~ash chromatography in 40% CH2Cbjhexane (Rt= 0.54). After the 
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metallo derivative had been collected from the column, the column was flushed 

with 4% CH3CN/CH2Cl2 to recover unreacted free-base porphyrin (5.64x10-3 

mmol, 27% of starting material). The purified metallo derivative was obtained 

in 61% yield (9.03x1o-3 mmol, €384 = 282,000 est d) based on recovered starting 

material. The product was observed to be contaminated with another metallo 

derivative based on its emission spectrum. This impurity was removed by dissolv

ing the platinum porphyrin in CH2Ch (......,100 mL), treating with trifluoracetic acid 

(6 drops) and allowing the solution to stir for 30 min. The solution was neutralized 

with NaHC03, washed with water, dried over Na2 S04, filtered, concentrated in 

vacuo and repurified by flash chromatography in 40% CH2 Cl2 /hexane. UV-Vis 

(2-MTHF): Amax 384 (€ 282,000 estd), 504 (15,000 estd), 538 (46,000 estd) nm. 

1 H NMR ( 400MHz, CDC13, TMS): 8 9.95 (s, 2H, 10,20-CH), 9.90 (s, 1H, 15-CH), 

7.899, 7.878, ( ~AA'BB' q, 2H, 2',6'-CH,J=8.4Hz), 7.721, 7.701, ( ~AA'BB' q, 2H, 

3',5'-CH,J=8.1Hz), 3.52 (s, 6H, 13,17-CH3), 3.51 (s, 6H, 12,18-CH3), 3.41 (s, 

6H, 2,8-CH3), 2.37 (s, 6H 3,7-CH3), 1.59 (s, 9H, 4'-[C(CH3)3]) ppm. Mass spec

trum (Fast Atom Bombardment, positive ion, o-nitrophenyloctylether matrix): 

m/z (relative intensity,%) Exact mass for C38 H40 N4195Pt: calcd 747.2906, obsd 

747.2922. 

[5-{ 4'-[4"'-{2"",5""-Dimethoxyphenyl)-1",1"'-bibicyclo[2.2.2]oct

yl]phenyl}-2, 3, 7, 8, 12, 13,17, 18 -octamethylporphyrinato ]platinum{II) 

{60) A CHCl3 solution of free-base H2P2DMB 37 was transferred to a 50 mL 

flask. The porphyrin concentration was determined (UV-Vis, €4o4 = 175,000 estd, 
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1.10x10-2 mmol) and the solvent was removed in vacuo. Glacial acetic acid (12 

mL), sodium acetate (212 mg), and K2PtC14 (127 mg, 28 eq) were added and the 

mixture was heated to reflux under argon and protected from light. After 1 hour, 

7-8 mL of the acetic acid was distilled off under argon and the concentrated solu

tion was allowed to reflux an additional 30 min. The reaction was allowed to cool 

for 1 hour. The acetic acid was removed in vacuo, and the residue was dissolved 

in CHCh and washed with water. The aqueous layer was back extracted with 

3x50 mL CHC13 • The combined organics were dried over Na2S0 4 , filtered, and 

the solvent was removed in vacuo. The material was purified by flash chromatog

raphy in 10% hexanejCH2Ch . After the metallo derivative had been collected 

from the column, the column was flushed with 4% CH3 CN / CH2 Ch to recover 

unreacted free-base porphyrin (3.2x10-3 mmol, 30% of starting material). The 

purified metallo derivative was obtained in 54% yield (4.2x10- 3 mmol, €384 = 

282,000 estd) based on recovered starting material. The product was observed 

to be contaminated with another metallo from emission spectroscopy. This im

purity was removed by dissolving the platinum porphyrin in CH2 Ch (,....,; 100 mL), 

treating with trifluoracetic a~id (6 drops) and allowing the solution to stir for 30 

minutes. The solution was neutralized with NaHC0 3 , washed with water, dried 

over Na2S04 , filtered, concentrated in vacuo and repurified by flash chromatogra

phy in CH2Ch. UV-Vis (2-MTHF): Amax 287 (E 20,000 estd), 383.5 (E 282,000 

estd), 504 (14,000 estd), 537 (44,000 estd) nm. 1 H NMR (400MHz, CDCb, TMS): 

8 9.97 (s, 2H, 10,20-CH), 9.93 (s, 1H, 15-CH), 7.875, 7.854, (tAA'BB' q, 2H, 

2',6'-CH,J=8.4Hz), 7.642, 7.621, (tAA'BB' q, 2H, 3',5'-CH,J=8.4Hz), 6.83 (d, 
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1H, J= 3.0 Hz), 6.81 (d, 1H, J= 9.1 Hz), 6.70 (dd, 1H, J= 8.9, 3.2 Hz), 3.82 (s, 

6H, -OCH3), 3.79 (s, 6H, -OCH3), 3.54 (s, 6H, 12, 13, 17, 18-CH3), 3.42 (s, 6H, 

2,8-CH3), 2.36 (s, 6H 3,7-CH3), 2.10-2.06 (m, 6H, 3xCH2), 1.97-1.94 (m, 6H, 

3xCH2), 1.70-1.67 (m, 6H, 3xCH2), 1.63-1.60 (m, 6H, 3xCH2) ppm. 

[ 5-{ 4'-[ 4"'-( 2 1111 ,5""-Benzoquinonyl)-1",1"'-bibicyclo[ 2.2.2] octyl ]phe

nyl}- 2, 3, 7, 8, 12, 13, 17,18 -octamethylporphyrinato]platinum(II) {61) 

A CHCb solution of free-base H2P2QH2 57 was transferred to a 50 mL flask. The 

porphyrin concentration was determined (UV-Vis, e404 = 175,000 estd, 1.5x1o-3 

mmol) and the solvent was removed in vacuo. Glacial acetic acid (6 mL) was added 

along with sodium acetate (59_ mg), and K2PtC14 (24.2 mg, 40 eq). The mixture 

was heated to reflux under argon and protected from light. After 1 hour, 3.5 mL 

of the acetic acid was distilled off under argon and the concentrated solution was 

allowed to reflux an additional 30 min. The reaction was allowed to cool for 1 

hour. The acetic acid was removed in vacuo, and the residue was dissolved in 

CHCb and washed with water. The aqueous layer was back extracted with 5x50 

mL CHCl3. The combined organics were dried over Na2S04, filtered, and the 

solvent was removed in vacuo. The material was dissolved in .....,150 mL CHC13 

and treated with trifluoracetic acid (6 drops) and allowing the solution to stir 

under argon for 15 minutes. The solution was neutralized with NaHC03, washed 

with water, dried over Na2S04, filtered, concentrated in vacuo, and purified by 

flash chromatography in CHCb (R f 0.56). Spectroscopic yield <5% ( E3a4 = 

282,000 estd). A saturated solution of the quinone in CHC13 was determined to be 



-198-

_,8x10-6 M (€384 282,000 estd). UV-Vis (CHC13): Amax 385, 422(sh), 506.5, 539 

nm. 1H NMR (400MHz, CDC13/D 20 (9:1 vjv), TMS): 8 9.95 (s, 2H, 10,20-CH), 

9.91 (s, 1H, 15-CH), 7.859, 7.837, (~AA'BB' q, 2H, 2',6'-CH, J=7.7Hz), 7.613, 

7.592, (~AA'BB' q, 2H, 3',5'-CH, J=8.1Hz), 6.66 (s, _,2H), 6.52 (s, 1H), 3.51 (s, 

12H, 12, 13, 17, 18-CH3), 3.39 (s, 6H, 2,8-CH3), 2.33 (s, 6H, 3,7-CH3), 2.05-2.02 

(m, 6H, 3xCH2), 1.84-1.80 (m, 6H, 3xCH2), 1.70-1.67(sh) (m, 6H, 3xCH2), 1.5 

(obscured by water peak, 6H, 3xCH2) ppm. 
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Electrochemical Measurements 

Solvents and Chemicals. Acetonitrile was HPLC grade (Burdick & Jackson), 

and was distilled from CaH2 immediately prior to use. Tetra-n-butyl ammonium 

perchlorate (TBAP, Alfa) was dried in vacuo at 75 ° C for 24 hours. and stored in 

an inert atmosphere box. 

2-Chloro-5-methyl-1,4-benzoquinone was prepared by the addition of HCl 

to methyl-p-benzoquinone (Aldrich). Methylbenzoquinone was purified by flash 

chromatography in dichloromethane prior to use. The quinone was then dissolved 

in tetrahydrofuran previously distilled from sodium/benzophenone ketyl, and HCl 

was bubbled through the solution until the yellow color of the quinone had disap

peared. The resulting 2-chloro-5-methyl-p-hydroquinonewas oxidized in CH2 Cb 

(Pb0 2 ) with gentle warming. The quinone was purified on Grade III alumina with 

5% CH3 CN/CH2 Ch as the elutant. 1H NMR (400MHz) of the isolated product 

confirmed the absence of coupling between the two remaining ring protons~ indicat

ing the chlorine was exclusively incorporated para to the methyl group. Repeating 

this procedure on the 2-chloro-5-methyl-p-benzoquinone derivative resulted in 

the isolation of 2,3-dichloro-6-methyl-~,4-benzoquinone. The analogous proce

dure was used in the preparation of 2-Bromo-5-methyl-p-benzoquinone by substi

tuting HBr for HCL Preparation of the dimethyl-, trimethyl-, and cyano-methyl

substituted quinone model compounds are described elsewhere. 145 

Sample Preparation. The quinones were diluted to ......,10- 2 M in acetonitrile 

and added to a stoppered flask containing an appropriate amount of TBAP, previ

ously weighed out under an inert atmosphere to minimize the absorption of water 



- 200 -

by the hygroscopic salts. The supporting electrolyte was present at ""-J0.1 M con

centration. The quinone solutions were transferred to the electrochemical cell and 

purged with argon for 10-15 min prior to the electrochemical measurements. 

Equipment. A complete description of the electrochemical equipment and a 

discussion of the electrode construction can be found elsewhere. 145 

Steady-State Fluorescence Emission Spectroscopy 

Solvents and Chemicals. The porphyrins were purified by chromatography 

prior to the measurements. Butyronitrile was obtained from Aldrich. Benzene 

was HPLC grade and was obtained from Burdick & Jackson. Benzene was distilled 

from CaH2 prior to use. Butyronitrile was distilled from KMn0 4 /K2C0 3 , then 

dried by an additional distillation from phosphorous pentoxide. 

Sample preparation. Solutions of the reference porphyrin and the porphyrin

quinones were matched in concentration by dissolving each to the approximate 

concentration of 10-5-10-6 M and adding solvent to the more concentrated so

lution until the absorbance at the Soret band (""-J400 nm) were the same (±10%). 

The measurements were made under aerobic conditions in 1 em square matched 

fluorescence cells with teflon caps. Absorption spectra taken before and after the 

measurements were made to confirm the absence of photochemical degradation. 

Equipment. The fluorescence emission spectra were recorded on a custom 

built apparatus of H.B. Gray's group. The excitation source was a 200 W Hg/Xe 

lamp. The excitation wavelength was selected with a Spex Minimate monochro

mator with interchangable fixed slits. The excitation light was modulated by a 
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beam chopper, further selected by an interference filter, and then focused onto 

the sample. Sample emission was collected at right angles to the excitation, fil

tered, collimated, and focused onto the adjustable slits of a Spex monochromator 

equipped with a motorized wavelength scan drive. The emission was detected 

with a Hamamatsu R955 photomultiplier tube. The PMT signal was amplified 

and passed to a Princeton Applied Research (PAR) 186A lock-in amplifier in 

phase with the beam chopper. The spectra obtained were uncorrected for detec

tor response. 

Time-Resolved Emission Studies 

Solvents and Chemicals. All sample cells, pipets, _syringes, and the Millipore 

syringe filtration apparatus were copiously rinsed with dry HPLC grade CH2 Cb 

and were oven dried overnight, or stored in a dessicator. 2-Methyltetrahydrofuran 

and butyronitrile were obtained from Aldrich. All other solvents used were HPLC 

grade or better and were obtained from routine commercial sources. o-Xylene, 

toluene, benzene, and acetonitrile, were distilled from CaH2 prior to use. MTHF 

was distilled once from CaH2, and then was either distilled or vacuum transferred 

from sodium/benzophenone ketyl. p-Dioxane was distilled from sodium/benzo

phenone ketyl. N,N-dimethylformamide was distilled from activated Linde 4A 

molecular sieves under reduced pressure. Pyridine was distilled from TsCl, and 

then fro~ CaH2 and stored over sieves under argon. Butyronitrile was distilled 

from KMn04/K2C03. 

Sample Preparation. Porphyrin-quinone samples were oxidized (Pb02) and 
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flash chromatographed just prior to the picosecond experiments. Purity was as

sessed by NMR analysis. The samples were prepared to a concentration of 10-5-

10-7 M in the purified solvents and were Millipore filtered (FH 0.5 J.Lm) into the 

sample cells. This filtration is paramount for the removal of small particulates 

which can result in significant laser excitation scatter. The sample cells were con

figured with 1 em square fused quartz cells (NSG Cells, type 163) equipped with a 

side arm bulb to allow sample degassing, Teflon stopcock, and a 24/40 glass joint 

for connection to the vacuum line. Low-temperature samples were treated in a 

similar fashion except that the sample cell was a cylindrical quartz tube (Wilmad 

Glass Co., #701-PQ) equipped with a 14/35 glass joint. Temperature regula

tion in the 77K measurements was accomplished via immersion of the sample in a 

silvered, evacuated finger dewar using liquid nitrogen cryogen. Fluorescence sam

ples were degassed by 3-4 freeze-thaw degassing at ~;lo-4 torr on a high vacuum 

line. Phosphorescence samples were degassed by bubbling ultra-high purity argon 

(Matheson) through the solutions for 20-30 min. UV-Visible spectra were taken 

before and after the emission studies to confirm the absence of photochemical 

degradation. 

Picosecond Time-Resolved Emission Apparatus 

Equipment. The method of time-correlated single photon counting (TSPC) 207 

was employed for the measurement of the time-resolved fl.qurescence decays. The 

method depends on the assumption that individually timing single photon emis

sions from an ensemble of molecules, and subsequently producing a histogram of 
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events vs. time, results in a faithful reproduction of the fluorescence decay of an 

"average" molecule in the ensemble. Most of the experimental analyses were con

ducted by P.M. Felker in the laboratories of A.H. Zewail on an apparatus primarily 

used to investigate emission in molecular beams. The full details of the apparatus 

are available elsewhere, 166 , 167 and are briefly described herein. 

A schematic of the apparatus is shown in Figure 1.167 The excitation souce is 

a synchronously pumped, mode-locked, cavity dumped dye laser (Spectra-Physics, 

Rhodamine 6G dye) tuned to 570 nm. The laser pulses were typically ....... 15 psec 

FWHM with an average power of ....... 20 m W. The excitation pulse is divided, one 

part furnishes an electrical pulse via a fast photodiode (PD, Hewlett-Packard 

5082-4203) which is modified _by pulse shaping electronics (PSE), and subsequently 

starts a timing clock (time-to-amplitude converter, TAC, Ortec 457), and the 

other portion of the beam is directed at the emissive sample (S). Various optics 

collect and collimate a portion of the sample emission at a right angle to the 

excitation pulse. The emission is filtered to limit scatter from the excitation pulse, 

passed through a monochrometer (0.5M Jarrel-Ashe) and is focused onto a fast 

photomultiplier tube (PMT, Hammamatsu R2270U, or R1564 U). The pulses from 

the photomultiplier were amplified and sent to a constant fraction discriminator 

(Ortec 473A, or Tennelec 455) which then provided a stop pulse to the TAC. The 

time on the clock is then analyzed by the multi-channel analyzer (MCA, Tracor

Northern TN-1706) and the event is stored in a memory slot designating the 

particular clock time. A typical system response function was ....... go psec FWHM. 

The start and stop pulses are constantly screened to discard extraneous events 
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Figure 1. Schematic of picosecond emission apparatus. 
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such as stop pulses without matching start pulses, and the absence of a stop pulse 

within a given time period of the start pulse. To limit complications from two or 

more photons reaching the photocathode an appreciable fraction of the time that 

single photon events are recorded, the photon counting rate was adjusted to be less 

than one percent of the excitation source repetition rate (4MHz) via placement of 

neutral density filters in the excitation beam path. The system apparatus used 

in these studies was actually run in the reverse sense in which a sample photon 

provides the start pulse to the TA C, and the delayed pulse from the P D provides 

the stop pulse. This reversed configuration was employed to enhance the overall 

detection efficiency of the apparatus. 167 

_The observed fluorescence decays F( t) are a convolution of the system response 

function R( t) and the true decay I( t) :208 

F(t) = f R(t')I(t- t')dt' [7.1] 

The system response function is the decay that would be observed if the true 

molecular decay were a 8-function in time, and was routinely obtained by mea

surement of the scattered excitation pulse from a collodial solution placed in the 

identical configuration and similar counting rate as the sample being analyzed (i.e., 

response functions for low temperature data were obtained by filling a quartz tube 

with the colloidal solution and placing it in the finger dewar used for temperature 

regulation). 

The fluorescence decay obtained in these experiments consisted of a 1 x N 

dimensional array of integers, the index of the array representing the clock times, 
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and the values of the array representing the number of start-stop events recorded 

for each clock time. The signal to noise in a particular decay is assumed to follow 

Poisson statistics165 where the standard deviation of N(ti) is given by vfN(ti)· 

The analysis of the measured decay is achieved through an algorithm to the 

assumed molecular decay function with adjustable parameters using a non-linear 

least squares fitting algorithm 165 This a procedure uses the sum of the squares of 

the weigh ted residuals given by 

[7.2] 

where N ( ti) is the number of counts in the ith channel, F ( ti) is the number of 

counts calculated to be in the ith channel using an assumed decay function, and 

W(ti) is the weight for a given data point and in the limit of Poisson statistics is 

given by N(ti)· The x2 value is minimized by the adjustment of parameters used 

in the calculation of F(ti), and the goodness of fit was judged by the final value of 

x2. 

The picosecond data in this thesis and elsewhere145 is based on a program 

for least-squares fitting of emission decays generously supplied by P.M. Felker and 

S. Baskin, and was modified for use on a Compaq personal computer used for 

the data analysis. The complete listing of the program source code is available in 

Appendix A. 
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Nanosecond Time-Resolved Emission Apparatus 

Equipment. Phosphorescence emission decays were conducted by A. W. Axup 

in the laboratories of H.B. Gray. The apparatus consisted of a Quanta Ray 

(DCR-1) Nd:YAG laser output to a Quanta Ray HG-1 harmonic generator. The 

frequency-doubled pulse was filtered through a Quant~ Ray PHS-1 prism har

monic separator. The resulting excitation beam was an 8 nsec FWHM 532 nm 

light pulse of ...... so mJ at the repetition rate of 2 Hz used in these studies. Sample 

emission was filtered and detected at right angles to the excitation pulse, passed 

through a monochromator (McPherson, model 270), and detected by the pho

tomultiplier tube (Hamamatsu, R955) The signal was amplified and passed to 

a waveform recorder (Biomation, model 6500). The recorder was triggered by 

output from the laser. Laser triggering, recorder arming, and preliminary data 

analysis were performed by an external computer (PDP11/03-L). Lifetimes were 

obtained by analysis of the emission decays using a Gray group program written 

for an IBM-AT. 
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Appendix A 

Emission Fitting Routine 
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Program SUPERFIT 

This program is an iterative non-linear least-squares fitting algorithm used to 

determine fluorescence lifetimes with deconvolution of the system response func-

tion. The program was designed as a menu-driven software package to allow the 

maximal user control over the fitting routine, and allows interruption of a fit to 

alter fit parameters prior to convergence. The program also allows display of the 

data file on screen to allow the user to input the start channel for the fit by in-

spection of the raw data. H the fit converges, the user can examine the fit and the 

raw data, as well as the calculated residuals and save the parameters from the fit 

in a user specified filename for future hardcopy plots (e.g., using GENPLOT on 

the Chem-VAX). 

The decays are fit to an assumed function of the following form 

convoluted with the system response function (required) where I(t) is the intensity 

at time t, ! 0 is the initial amplitude, r1 , r2 , and r3 are the fluorescence lifetimes, 

!!.a.., and .£a. are the amplitude fractions of 2:1 and 3:1, and B0 is the baseline. 
ao ao 

The program offers the user the choice of single, double, or triple exponential 

decay analysis. Additionally, the user can select a biexponential angle-modulated 

decay analysis of the form 

where N is the number of dihedral angles, 0° :::; Oi :::; 90° (see Chapter 6). 
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This program is based on the program CURFIT (P.R. Bevington, "Data Re

duction and Error Analysis for the Physical Sciences," McGraw-Hill, New York, 

1969, Chapter 11.) and programs obtained from the laboratories of A.H. Zewail 

courtesy of P.M. Felker and S. Baskin. 

The source code was compiled under Microsoft FORTRAN (Copyright IBM 

Corp, Microsoft Corp, 1982, 1984), version 2.00. The subprogram units were 

linked under the IBM Personal Computer Linker, version 2.20 (Copyright IBM 

Corp 1981, 1982, 1983, 1984), and the executable code was run under MD-DOS 

(version 2.11) on a Compaq Plus personal computer equipped with an 8087 math 

coprocessor. The executable code was also able to run under MS-DOS (version 

3.10) on an IBM-AT personal computer equipped with an 8087 math coprocessor. 

Similar attempts to run the executable code on an AT&T 6300 personal computer 

hung the computer following display procedures possibly due to differences in the 

BIOS interrupts. 

Non-standard FORTRAN manipulations 

This version of FORTRAN does not support the INQUIRE statements of 

conventional FORTRAN code and required the use of an ASSEMBLER function 

STATE (as per the Microsoft FORTRAN manual) to mimic the INQUIRE state

ment. 

Character manipulations are handled ungraciously in this FORTRAN version. 

Standard FORTRAN allows manipulation of individual elements of a character 
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string (e. g., CHARVAR(3:3) for the 3rd character in the character string CHAR

VAR). This FORTRAN version required the use of EQUIVALENCE statments to 

accomplish the same procedure, e. g., 

CHARACTER*lO CHARVAR 

CHARACTER*! QCHARVAR(lO) 

EQUIVALENCE (CHARVAR,QCHARVAR) 

then QCHARVAR(3) corresponds to the 3rd character in the character string 

CHARVAR. 

Requirements 

This program makes heavy use of the ANSI.SYS extended screen and key

board device driver to allow cursor positioning on the screen and to change screen 

attributes via control sequences. This driver must be installed on the system (i.e., 

via the CONFIG.SYS file on the IBM compatible personal computers) to obtain 

the intended program output. 

The installation of a math coprocessor to speed floating point arithmetic 

calculations is suggested, but is not required. 

ASSEMBLER Routines Required 

STATE(IEND, filename): a function which is .TRUE. if filename exists and can be 

opened without error. This function was obtained from the Microsoft FORTRAN 

user manual, and was used without further changes. 
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DISP(IFLAG, IXVAL, IYVAL): a subroutine to light (or erase) a pixel at screen 

location IXVAL,IYVAL on the high resolution graphics screen (640x200) with the 

home position (0,0) defined as the lower left corner of the screen. 

AXES(IFLAG,IXl,IYl,IX2,IY2): a subroutine to draw a horizontal or vertical 

line from pixel location IXl,IYl to IX2,IY2. This routine could be replaced with 

a more general FORTRAN subroutine employing the DISP subroutine described 

above. 

INKEY(ITEST,ISCAN,ANS): a subroutine to read a key entered from the key

board. This routine is employed heavily in SUPERFIT. The variable IT EST 

(Integer) is a flag which indicated whether a key has been struck (l=T, O=F). 

ISCAN (Integer) is the respective scan code for the key that was entered; and 

ANS (CHARACTER* 1) is the character representation for the key entered. 
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Expected Data and Response File Formats 

The data files analyzed in by SUPERFIT were obtained from a Tracor-

Northern digitizer. The file format expected is listed below 

ZntBu/o-Xyl/e=5700/o=5800/sl=200u/pol=54.7 /nd filter · 
1000, 7.95 

0 1148 54 50 36 68 64 71 81 
8 61 67 54 60 61 73 63 68 
16 75 54 72 66 58 63 67 62 
24 64 78 73 65 64 73 70 52 
32 75 65 87 85 65 50 68 62 

984 0 0 0 0 0 0 0 0 
992 0 0 0 0 0 0 0 0 
1000 0 0 0 0 0 0 0 0 
1008 0 0 0 0 0 0 0 0 
1016 0 0 0 0 0 0 0 

The first line is a comment field not altered by the program but echoed to 

the user to insure the correct data file is being input. The second line contains 

an integer value (in the AHZ programs this value corresponded to the number of 

points in the file, whereas SUPERFIT reads this value, but ignores it and deter-

mines the number of data points on the input), and a real value corresponding 

to the time base for the measurement (psecjchannel). The first number in each 

line is an index, which must be present. In the very first line of data, the num-

her following the index is the ACC (all-clear-channel) which corresponds to the 

number of seconds of accumulation for the file by the digitizer. The third number 
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in the first line is the first data point. Each subsequent line contains the index, 

and eight data points. The file is ordered in decreasing time (i.e., channel 1 is at 

the bottom of the file). To obtain the time correspondence of each of the intensity 

values listed in the data file, simply multiply the channel index value by the time 

base (after inverting the file to obtain the data in an increasing time format). 

Array Parameters 

The key array in the program is A ( 8) which contains the parameters used 

in the fit. Initially the array is loaded with the initial estimates for each of the 

parameters. Each iteration of the program modifies the parameters to minimize the 

x2 value ( cf., Bevington) and outputs a summary to the user to allow examination 

of the progress of the fit. The elements of the A array correspond as below. Two 

pointers to the A array are employed, !START and !STOP indicating the range 

of the A array for the free parameters in the fit. 

Single exponential decay analysis: 

A(l) = unused 

A(2) = unused 

A(3) = r1 lifetime (channels) 

!START = 3, !STOP = 6 

Double exponential decay analysis: 

A(l) = unused 

A(2) = r1 lifetime (channels) 

A(3) = r2 lifetime (channels) 

!START = 2, !STOP = 7 



Triple exponential decay analysis: 

A(1) = r1 lifetime (channels) 

A(2) = T2 lifetime (channels) 

A(3) = T3 lifetime (channels) 
!START = 1, !STOP = 8 

A( 4) = Baseline value 

A(5) = Response function shift 
A( 6) = Initial amplitude 
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A(7) = Amplitude fraction of r2:r1 

A(8) = Amplitude fraction of r3 :r1 

Common Blocks 

/FIT I YFIT(1024) 
Calculated Y values based on the current fit parameters 

/DATA/ Y(1024) 
Input data obtained from file DATFILE 

/FILES/ DATROOT, RSPROOT, PLTROOT 
Root name of the data, response, and plot files 
(type: CHARACTER*12) after stripping off 

the path name from the input data file ( e.g., if DATFILE 
is input as C:\SUBDIR\DATA.DAT then DATROOT is equal to DATA.DAT). 

/FLAG/ IOVRFLO 
Integer flag indicating if real math overflow is iminent (IOVRFL0=1) 

/RES/ A ( 8) - array containing fit parameters (see above) 
CHISQR - x2 value from last fit iteration 

CHISQl - x2 value from current fit iteration 

ITERNO - iteration cycle number 

NTERMS-

/Rl/ R(1024) - input response function 

RSUM - sum of R array from start channel to end channel 

/ CHRDAT / CFIELD - comment field from data file 
RSPAVG - 'Y' or 'N' for response function average (not implemented) 

BLLMT - 'Y' or 'N' for constrain baseline 
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ESC - CHAR(27), used for ANSI.SYS control sequences 

CLEAR - ANSI sequence for reset screen attributes 

REVIDEO - ANSI sequence for inverse video attribute 
BOLD - ANSI sequence for bold video attribute 

BLINK - ANSI sequence for blinking video attribute 

ERASE - ANSI sequence for erase to end of line 

/NUMDAT / NPTS - number of points in data or response files 

ITOT- minimum of NPTS(data file) and NPTS(response file) 

MINCH- start channel of Y array for fit 

MAXCH - end channel of Y array for fit 

NSTART - start channel of Y array for fit 

NTAUS -number of lifetimes in fit ( i.e., single, double or triple) 

!START - start pointer to free parameters in A array 

!STOP - end pointer to free parameters in A array 
ATAU1 -initial estimate of r1 (channels) 

ATAU2- initial estimate of r 2 (channels) 

ATAU3 - initial estim~te of r3 (channels) 
FRAC21 - initial estimate of amplitude fraction 2:1 

FRAC31 - initial estimate of amplitude fraction 3:1 

IFIX1- number of fixed lifetimes 

BSLNE - initial estimate of baseline 

MINBL - min of range for baseline constraint 

MAXBL- max of range for baseline constraint 

SHIFT - initial estimate of response function shift 

AMPEST - initial amplitude estimate 

CTD- Time base (psec/channel) 

XMAX- max time in the fit (max channel index times CTD) 

YMAX - max intensity (counts) in Y array 

IYMAXCH - channel index of YMAX in Y array 

NANGS -number of angles in angle modulated decay analysis 

IPOS(25) -X position of cursor on screen for each of the 

25 lines available in the menu screen 
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List of Files 

File C:SBR.lNIT.FOR: 

SUBROUTINE INIT(DBGFLG, LOTEMP, DATFILE, QDATFIL, 

$ RSPFILE, QRSPFIL, PLTFILE, QPLTFIL) 

SUBROUTINE HLPMNU 

File C:SBR..MENU.FOR: 

SUBROUTINE MENU(DATFLE, QDATA, RSPFLE, QRESP, 

$ PLTFLE, QPLOT,LOTEMP) 

SUBROUTINE CKRSLT(A, DATFILE, RSPFILE, PLTFILE) 

File C:FDLOTMP.FOR: 

SUBROUTINE FDLOTMP(I, A, DERIV, N) 

SUBROUTINE LNLOTMP(NANGS, NTAUS, A, NPTS, Y, R, RSUM) 

File C:MENU_8Bl.FOR: 

SUBROUTINE CHREDT(QTITLE, IMAX, IEND) 

SUBROUTINE RDVAL(XVAL, IXVAL, IFLAG) 

File C:MENU_8B2.FOR: 

SUBROUTINE S~TPOS(ICURSOR, IPOS) 

SUBROUTINE CHGVAL(IREAL, XVAL, IXVAL, !CURSOR, IPOS, BOLD, 

$ BLINK, CLEAR, ERASE) 

SUBROUTINE PRTINT(IVALUE) 

SUBROUTINE PRTRL(XVALUE) 

SUBROUTINE CHRALTR(ACHAR, !CURSOR, IPOS, BOLD, 

$ BLINK, CLEAR) 

SUBROUTINE PRTMNU(DATFIL, RSPFIL, PLTFIL, LOTEMP) 

SUBROUTINE CHGXPS(A) 

File C:SUBl..MNU.FOR: 

SUBROUTINE CUNEW(CUABORT, LOTEMP) 

DOUBLE PRECISION FUNCTION FCHNEW(Y, YFIT, NFREE, NPTS, N) 

SUBROUTINE FDNEW(I, A, DERIV, N) 

SUBROUTINE LNNEW(NTAUS, A, NPTS, Y, R, RSUM) 
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File C:SUB2..M:NU.FOR: 

SUBROUTINE MATINV (ARRAY, !START, !STOP, DET) 
SUBROUTINE PRNEW(A, CHISQR, CHISQl, ITERNO, FILE, RSPFIL, 
$ !KEEP, LOTEMP) 

File C:SUB3..M:NU.FOR: 
SUBROUTINE PLTDAT(IDRAW, !SAVE, Y, YFIT,TBASE,NSTART, 
$ NPTS,COMMNT) 
SUBROUTINE LINE(IFLAG,XlST,YlST,X2ND,Y2ND) 

Compilation Batch File 

FORI %1, %LLST; 
FOR2 

Linking Batch File 

FO RLINK SUPERFIT +SUB l..M:NU +SUB2..M:NU +SUB3..M:NU + 
SBR.MENU+MENU_8Bl+MENU_SB2+SBRJNIT+DISP+AXES+ 

INKEY+STATE+FDLOTMP,SUPERFIT,C:\ 

Source Code for a Program to Create a Data File Header 

c 
C PROGRAM MAKEFILE.FOR 

c 
C creates a file with a comment field ,# of points 
C and time base for use as a data file ........... . 
C it is presumed this file is run before PC-TALK 

c 
CHARACTER*72 CFIELD 

c 
WRITE(* ,'(1X,2A) ') CHAR(27),'[2J' 

c 
OPEN (4,FILE='HEADR.DAT',STATUS='NEW',FORM='FORMATTED', 
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$ ACCESS='SEQUENTIAL') 

c 

WRITE(* ,'(A)') ' Enter the comment field ..... ' 
WRITE(*,'(A\)') '>' 
READ(* ,'(lA) ') CFIELD 
WRITE(4,'(1X,1A)') CFIELD 
WRITE(* ,'(A\)') ' Enter the number of data points> ' 
READ(*,*) TOTPTS 
WRITE(*,'(A\)') 'Enter the time base (ps/channel)>' 
READ(*,*) TBASE 
NPTS=NINT(TOTPTS) 
WRITE( 4,'(1X,I6,Al,F7.2) ') NPTS,' ,',TBASE 

CLOSE(4) 
WRITE(* ,'(A)') 'Exiting MAKEFILE' 
END 

Batch File to Initiailize Compaq for Data Transfer 

ID A:/T 
COPY C:\PSEC\PC-TALK.* A: 
COPY C:\PSEC\MAKEFILE.EXE A: 
COPY C:\PCTALK\PC-TALK.EXE A: 

This batch file creates a virtual disk and copies the various programs used 

in data transfer to the virtual disk. Communication protocols are handled by 

a public domain program, PC-TALK (obtained from Freeware, P.O. Box 862, 

Tiburon, CA, 94920). 

Batch File for Data Transfer 

A: 
MAKE FILE 
PC-TALK 
COPY HEADR.DAT+TRANS.DAT %1 



COPY %1 C: 

DEL %1 

DEL HEADR.DAT 

DEL TRANS.DAT 
C: 
ID A:/T 
COPY ID A:/T 
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This batch file executes the various programs to transfer a data file from the 

Tracor-Northern digitizer to the Compaq. The program MAKEFILE creates the 

header file for the data file. The public domain program PC-TALK is used in 

the actual data transfer from the digitizer to the Compag Plus computer via the 

:COM1 serial communication port. An initialized floppy disk is placed in the drive 

prior to execution of the transfer batch file. A copy of the resulting data file is 

then copied both to the fixed disk and the floppy (for backup). If the transfer 

batch file is called TRANS.BAT, the command is 

TRANS datafile.dat 

Pin Outs for Communication Cable 

Compaq Computer Tracor-Northern 

25-pin female 25-pin male 

18 1 

25 ------------------------~ 25 and 4 

The communication port :COM1 on the Compaq personal computer must be 

set up in the current-loop configuration. 



$DEBUG 
$HOFLOATCALLS 
C commands to the compiler to 
C invoke the (limited) debug utilities of Microsoft FORTRAN 
C (version 2.00) and maximizes the math coprocessor function 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

c 

PROGRAM SUPERFIT .FOR 

Written by B.A. Leland (3/86) 

Based on the program CURFIT of P.R. Bevington 
and source code obtained from the AHZ laboratories 
(progs ANtiET, AHHEW, etc) 

DIMEHSIOH Y(l024),R(l024),SCR(l024),A(8) 
DOUBLE PRECISiml ALPHA(8, 8), SIGMAA(8) ,BETA(8) 
DOUBLE PRECISIOH CHISQR,CHISQl,CHISAV 
CHARACTER• I AtiS ,QDATFIL(35) ,QRSPFIL(35) ,QPLTFIL(35), 

$ ESC,RSPAVG,BLLMT 
CHARACTER•3 ERASE 
CHARACTER•4 REYIDEO,BOLD,BLIHK 
CHARACTER•7 CLEAR 
CHARACTER•l2 DATROOT,RSPROOT,PLTROOT 
CHARACTER•35 DATFILE,RSPFILE,PLTFILE 
CHARACTER•7l CFIELD 
LOGICAL•2 STATE,CUABORT,DBGFLG,LOTEf.IP 
EQUIVALEHCE (DATFILE,QDATFIL) 
EQUIVALENCE (RSPFILE,QRSPFIL) 
EQUIVALENCE (PLTFILE,QPLTFIL) 
CO!~[.(OII /DATA/ Y 
COf.I[.(OH /FIT/ YFIT(l024) 
COMf.IOH /FLAG/ IOVRFLO 
COMlmH /FILES/ DATROOT, RSPROOT, PLTROOT 
CO[.(MOH /RES/ A,CHISQR,CHISQl,ITERHO,HTERMS 
COMMON /Rl/ R,RSU[.( 
CO!~l~OH /CHRDAT/ CFIELD,RSPAVG,BLLMT,E.SC,CLEA.R, 
$ ~EYIDEO,BOLD,BLIHK,ERASE 

COMMOH /HU[.(DAT/ HPTS,ITOT,MIHCH,MAXCH,HSTART,HTAUS,ISTART,ISTOP, 
$ ATAUl,ATAU2,ATAU3,FRAC2l,FRAC3l,IFIXl,BSLHE, 
$ MUIBL, MAXBL, SH 1FT, AMP EST, CTD, XMAX, YMAX, IYMAXCH, 
$ HAHGS,IPOS(25) 

COMMOH SIGMAA,ALPHA,BETA,FLAMDA 

IOVRFLO-o 

C OPEl! LOG FILE OR CREATE IF HECE.SSARY 
c 
c 

5 
6 

Open log file 
DATFILE•'SUPERFIT . LOG' 
LEtiD•12 
IF (STATE(LEHD,DATFILE)) THEH 

• 

ELSE 

OPEH (6,FILE•'SUPERFIT.LOO',STATUS•'OLD',FORM•'FORMATTED', 
ACCESS~'SEQUEtiTIAL') 

DO 5 1•1,10000 
READ(6,' (lA) ',END:6) AHS 

COHTHIUE 
CONTINUE 

BACKSPACE 6 

WRITE(•, •) ' Creating log file 

c 
c 

OPEH (6,FILE•'SUPERFIT.LOG',STATUS•'HEW',FORM•'FORMATTED', 
$ ACCESS•'SEQUEHTIAL') 

WRITE(6,'(2A)') ' THIS IS THE LOG FILE FOR' 
$ 'SUPERFIT AHALYSE.S 

WRITE(6, '(lA) ') 
WRITE(6, '(tA) ') ' ' 

EHDIF 

C ESTABLISH IHITIAL VALUES FOR PARAMETERS A(J) 
c 

DO 52 1•1,8 
SIGf.IAA(I)-o. 000 
BETA(I)•O.ODO 
A(l)-o. 
DO 51 J•l,8 

ALPHA (I, J)•l.ODO 
51 COHTIHUE 
52 COHTIHUE 
100 COHTIHUE 
c 

CALL IIIIT(DBGFLG,LOTEMP,DATFILE,QDATFIL,RSPFILE,QRSPFIL, 
$ PLTFILE,QPLTFIL) 

110 COHTIIIUE 

c 

c 

CALL MEHU(DATFILE,QDATFIL,RSPFILE,QRSPFIL, 
$ PLTFILE,QPLTFIL,LOTEMP) 

WRITE(•,'(1X,2A)') ESC,'(25;30fFitting. 
WRITE(•,'(1A\)') ' ' 

IP' (DBGFLO) THEH 
CALL CKRSLT(A,DATP'ILE,RSPFILE,PLTP'ILE) 

Ell DIP' 

CHISQl • 1.00+30 
FLAf.IDA • 0.001 
lRR - 0.0005 

130 COIITIIIUE 
ITERIIO • 0 
ISAVE-o 

142 COHTIHUE 

c 

ITERHO • ITERHO + 
CHISAV • CHISQl 
CALL CUHEW(CUABORT,LOTEMP) 
CALL PRtiElf(A,CHISQR,CHISQl,ITERHO, 
$ DATROOT,RSPROOT,ISAVE,LOTEMP) 

IF (CUABORT) THEil 
CUABORT•.FALSIL 
ISCAII•59 
ITE.ST•l 
GO TO 144 

EIIDIF 
IF (ITERIIO.EQ.20) GO TO 160 
IF (DABS (CHISQl-CHISQR). LE. DBLE(RRR)) GO TO 190 
CHISQ1 • CHISQR 

CALL IIIKEY(ITE.ST,ISCAH,AHS) 
144 COHTIHUE 

IF (ITEST.HE.O) THEil 
IF (ISCAH.HE.59) THEH 
WRITE(•,'(lX,lA\)') BOLD 
WRITE(•, '(lA) ') ' ' 

I 
~ 
~ 

~ 



c 
146 

155 

c 

c 
c 
158 

c 

IRITE(•,'(25X,1A)') 'Enter Fl key to interrupt .. 
WRITE(•, '(U) ') ' ' 
WRITE(•,'(1X,1A\)') CLEAR 
ELSE 

clear type-ahead buffer 
COKTIKUE 

CALL IKKEY(ITEST,ISCAH,AHS) 
IF (ITEST.KE .O) GO TO 146 
WRITE(•,'(lA)')'' 
WRITE(•,' (8X,5A) ') 'Enter ',BOLD, 'Fl' ,CLEAR, 

$ • key to alter initial parameters' 
WRITE(•, '(8X,6A) ') ' ',BOLD, 'F3' ,CLEA.l, 

$ • key to aave progress in log file • 
WRITE(•,' (8X,5A) ') ' ',BOLD, 'F4' ,CLEAR, 

$ • key to save current results as initial parameters' 

• 
• 

'IlliTE(•,' (8X,5A) ') ' ',BOLD, 'F5' ,CLEAR, 
• key to continue' 

WRITE(•, '(8X,5A) ') ' 
• key to quit' 

EKDIF 
COHTIHUE 

' , BOLD, 'FlO' , CLEAR, 

CALL IHKEY(ITEST,ISCAH,AKS) 
IF (ITEST.!Q.O) GO TO 155 
IF ((ISCAH.GE.59).AHD.(ISCAH.LE.68)) TH!H 

WRITE(•, '(lOX,U)') 'OK ..... ' 
ELSE 

invalid key entry 
WRITE ( •, ' ( U) ' ) ' ' 
WRITE(•,'(8X,6A)') 'Enter ',BOLD,'Fl',CLEAR, 

$ • key to alter initial parameters' 
WRITE(•,' (8X,6A) ') ' ',BOLD, 'F3' ,CLEAR, 

$ • key to save progress in lo& file' 
WRITE(•,' (8X,6A) ') ' ',BOLD, 'F4' ,CLEA.l, 

$ • key to save current results as initial parameters' 
WRITE(•, '(8X,6A) ') ' ',BOLD, 'F5' ,CLEAR, 

$ • key to continue' 
WRITE(•, '(8X,6A) ') ' ',BOLD, 'FlO' ,CLEAR, 

$ • key to quit • 
GO TO 166 

EKDIF 
IF (ISCAK.EQ.63) THEH 

> continue < 
clear type-ahead buffer 

COHTIKUE 
CALL IKKEY(ITEST,ISCAK,AHS) 

IF (ITEST.KE . O) GO TO 158 
GO TO 142 

EKDIF 
IF (ISCAH.EQ.60) THEH 

alter initial conditions 
WRITE(•,'(1X,2A\)') ESC,'[lJ' 
CALL PRTKKU(DATFILE,RSPFILE,PLTFILE,LOTEKP) 
CALL f.!EtiU(DATFILE, QDATFIL, RSPFILE, QRSPFIL, 

$ PLTFILE,QPLTFIL,LOTEKP) 
CHISQl • 1. 00+30 
PLAJ.IDA • 0.001 
RRR "' 0.0005 
WRITE(•, '(1X,2A) ') ESC,' [25;30fFitting ....... . 
'IRITE(•,'(lX,lA\)') ' ' 

IF (DBGFLG) THEH 
CALL CKRSLT(A,DATFILE,RSPFILE,PLTFILE) 

EKDIF 
GO TO 130 

EtiDIF 
IF (ISCAH.!Q.68) GO TO 350 

IF (ISCAH.EQ .61) THEH 
C save progress in log file 

WRITE(6,'(10X,1A)') 
$ ••••••••••• Incomplete Results ••••••••••' 

IKEEP•l 
CALL PRtiEW(A,CHISQR,CHISQl, 

$ ITERHO, DATROOT, RSPROOT, I KEEP, LOTEMP) 
!HDIF 
IF (ISCAH .!Q.62) THEH 

C change inits to current values 

c 

BSLHE•A(4) 
5HIFT•A(5) 
AI.WEST•A(6) 
FRAC:H•A(7) 
FRAC31•A(8) 
ATAU1-<>. 
ATAU2-<>. 
ATAU3-o. 
IF (HTAUS .EQ.l) TH!H 

ATAU1•A(3) 
ELSEIF (HTAUS.EQ.l) THEM 

ATAU1•A(2) 
ATAU2•A(3) 

ELSE 
ATAUl•A(l) 
ATAUl•A(2) 
ATAU3•A(3) 

EHDIF 
EHDIF 

GO TO 165 
EHDIF 

GO TO 141 
160 COKTIKUE 

WRITE(•,'(A\)') 'ITERATION LIMIT REACHED- want to continue?' 
READ(•,'(A1)') AHS 
IP ((AHS.EQ.'Y').OR.(AHS.EQ.'y')) GO TO 130 

190 IF (IOVRFLO.!Q.O) GO TO 195 
CHISQR • CHISAY 
'IRITE(•,l92) • The minimum value of (chi)',CHAR(l63), 

$ ' was ' , CHISQR 
191 FORW.T (3A,F12.6) 
c 
C ESTABLISH DOCUKEHTATIOH FORW.T 
c 
195 COHTIKUE 

WRITE(•,200) (SIGKAA(I),I•1,HTERKS) 
200 PORKAT(8(F9.4,1X)\) 
c 
210 COKTIKUE 

CALL IHKEY(ITEST,ISCAH,AKS) 
IF (ITEST .EQ.O) GO TO 210 
IDRA'I'"1 
CALL PLTDAT(IDRAV,K,Y,YFIT,CTD,KSTART,HPTS,CFIELD) 
WRITE(•, '(3A\)') CLEAR,ESC,'[2J' 

I 
~ 
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C write results to log file and reprint on acreen 

c 

WRITE(•,'(1X,1A)') ' ' 
IKUP•1 
CALL PRNEW(A,CHISQR,CHISQ1,ITERHO, 

$ DATROOT, RSPROOT, IKUP, LOTEMP) 
WRITE(•, '(lX , lA) ') ' ' 

8101 • SQRT(SIG1•SNGL(CHISQR))•CTD 
KKKK • 0 

~~0 WRITE(• , '(1A\)') ' Save the fit?? (Y/N): ' 
READ(•.~~5.ERR•~55) AHS 

~25 FORMAT (lA) 
~40 IF ((AHS.EQ.'Y') . OR . (AHS.EQ . 'y')) GO TO ~60 

GO TD 350 250 IF ((AHS .EQ.'N') . OR . (AHS.EQ . 'n')) 
255 GO TO ~20 
c 
C CALL PLOTTING ROUTINE 
c 
~60 

270 
271 

CONTINUE. 
WRITE(•,'(A\)') 'Enter the name for the output file: ' 

READ(•,'(1A)') PLTFILE 
DO ~70 1•1,35 

IF (QPLTFIL(I).EQ . ' ') THEN 
LOC•I-1 
GO TO 271 

END IF 
CONTINUE 
COHTINUE 

IF (STATE(LOC ,PLTFIL)) THEN 
WRITE(•.•) ' FILE ALREADY EXISTS . 
GO TO 260 

ELSE 
OPEN (4,FILE•PLTFIL, STATUS•'H!W',FOlN•'FORMATTED', 

ACCESS•'SEQUEHTIAL') • EHDIF 
WRITE(4,'(1X,3A)') DATROOT,'/',RSPROOT 
WRITE(4,'(1X , lA)') CFIELD 
WRITE(4,•) HPTS,CTD,HAHGS 
WRITE(4,•) XNAX,YKAX,NAXCH,NTAUB,NSTART,ISTART,ISTOP 
WRITE(4,•) (A(I),I•1,8) 
WRITE(4,•) (SIGNAA(I),I•l,8) 
WRITE(4,•) CHISQR 
CLOSE(4) 

350 COHTIHUE 
WRITE(•,'(lA\)') 'More data analyeia?' 
READ(•,'(lA)') ANS 

IF ( (AHS .EQ . 'Y'). OR . (AHS . EQ. 'y')) THEN 
WRITE(• , '(lX,2A\)') CHAR(27) , '[2J' 
A(4) • BSLNE 
A(5)•SHIFT 
A(6) •AMPEST 
A(7) •FRAC21 
A(8)•FRAC31 
A(l)-o . 
A(2)•0 . 
A(3)-o. 
IF (NTAUS.EQ . 1) THEN 

A(3)•ATAU1 
ELSEIP (NTAUS .EQ .2) THEN 

A(2) : ATAU1 

c 

A(3)•ATAU2 
ELSE 

A(l)•ATAU1 
A(2)•ATAU2 
A(3)•ATAU3 

END IF 
CALL PRTMNU(DATFILE,ISPPILE,PLTFILE, LOTEMP) 
GO TO 110 

ELSE 
CLOSE(&) 
WRITE(•,'(1X,2A)') CHAI(27) , '[2J' 

END IF 

800 CONTINUE 

c 
c 
c 

c 

WRITE(•,•) ' Exitina SUPERFIT ' 
END 

SUBROUTINE INIT(DBGFLO , LOTEMP,DATFILE,QDATFIL,RSPFILE,QRSPFIL, 
$ PLTFILE,QPLTFIL) 

C FUNCTION: 
C PRoto!PTS THE USER FOR ALL P AUNETERS REQUIRED TO 
C BEGIN A FITTIHG RUN. INITIALIZES ALL PARAMETERS 
c 

c 

DINEHSIOH Y(10~4),R(10~4),SCR(1024),A(8),1SAV(~6) 
DOUBLE PRECISION ALPHA(8,8),SIGNAA(8),BETA(8) 
DOUBLE PRECISION CHISQR,CHISQl,CHISAV 
CHARACTER•! AHS,QDATFIL(35),QRSPFIL(36),QPLTFIL(36), 

$ QBLINK(4) ,QREVIDE0(4) ,QBOLD(4) ,QCLEAR(7) ,QERASE(3), 
$ RSPAVG,BLLNT,ESC,QDATROOT(l2),QRSPROOT(1~).QPLTROOT(l~) 

CHARACTER•3 ERASE 
CHARACTER•4 REVIDEO,BOLD,BLINK 
CHARACTER•? CLEAR 
CHARACTER•35 DATFILE,RSPFILE,PLTFILE 
CHARACTER•72 CFIELD 
CHARACTER•12 LOGDAT,DATROOT,RSPROOT,PLTROOT 
LOGICAL•2 STATE,DBGFLG,LOTENP . 
EQUIVALENCE (DATROOT,QDATROOT),(ISPROOT,QRSPROOT) 
EQUIVAL!HCE (PLTROOT,QPLTROOT) 

EQUIVAL!HCE (CLEAR,QCL!AR),(BOLD,QBOLD),(REVIDEO,QREVIDEO), 
$ (BLINK,QBLINK),(AHPTS,QAHPTS),(ERASE,QERASE) 

CONNON /DATA/ Y 
CONNON /PIT/ YFIT(10~4) 
CON!.(ON /FLAG/ IOVRFLO 
CON!.( ON /FILES/ DATROOT, RSPROOT ,PLTROOT 
COl.(NON /RES/ A,CHISQR,CHISQl,ITERNO,NTERNS 
CONNON /Rl/ R, RSUM 
CO!.(l.(ON /CHRDAT/ CFIELD,RSPAVG,BLLNT,ESC,CL!AR, 
$ REYIDEO,BOLD,BLINK,ERASE 

CONNON /Nrn.(DAT/ NPTS,ITOT,NINCH,NAXCH,NSTART,NTAUS,ISTART,ISTOP, 
$ ATAU1,ATAU2,ATAU3,FRAC~1.FRAC31,IFIX1,BSLNE, 
$ NIHBL,NAXBL,SHIFT,AMPEST,CTD,XNAX,YKAX,IYNAXCH, 
$ HAl'IGS,IPOS(25) 

C DATA IPOS/0,0,0,17,~0.45,28,~6,0,0,31,~7,31,31,31,19,19, 
c • 19 , 24.~5.35,26,26,0,0/ 

DATA ISAV/0 ,0 ,0, 17,20 ,45 ,28,0,0,0,31,27,31,31,0,19,0, 
$ 19,24,25,0 ,26,0,0,0/ 

c 

I 
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IOVRFLO•O 
DO 15 I•1,25 

IPOS (I)•ISAV(I) 
15 COHTI!iUE 

c 

DBGFLG• . FALSE. 
LOTE[.{P•. FALSE . 
LEHGTH•35 
DAYFILE•' 
RSPFILE•' 
PLTFILE•' 
DATROOT•' 
RSPROOT•' 
PLTROOT•' 
HAJ-IGS-o 
HPTS•lOOO 
ITO T-o 
MI!iCH-o 
MAXCH-o 
HSTART-o 
liTAUS•2 
ATAU1-o. 
ATAU2-o . 
ATAU3-o. 
FRACl1-o. 
FRAC31-o. 

IFIX1-o 
I STAR T-o 
ISTOP-o 
BSLHE-o. 
MI!iBL-o 
MAXBL-o 
SHIFT-o. 
A[.{PEST-o . 
CTD•O. 
YKA.X-o . 
IYKAXCH•O 
BLLMT•'li' 
RSPAVG•'li' 

C "CLEAR" COHTAIHS AI'ISI DRIVER CODE FOR AnRIBUTES OFF, 
C AHD BACKGROUND COLOR OF BLACK OR BLUE 
c 

c 
ESC•CHAR(27) 

QCLEAR( 1 )•ESC 
QCLEAR(l)•' [' 
QCLEAR(3)•'0' 
QCLEAR(4)•';' 

100 CO!iTI!iUE 
WRITE.(• , •) ' ' 
VRITE(•,'(1A\)') 'I• the room dark? ' 
READ(• , '(lA) ') AliS 
IF ((AHS.EQ. ' D').OR. (AI'IS .EQ . 'd')) THE!i 

DBGFLG•.TRUE. 
GO TO 100 

END IF 
IF ((AHS . EQ ~ 'Y') . OR . (AI'IS . EQ . 'y')) THE.li 

QCLEAR(5)•'4 ' 
QCLEAR(6)•'4' 
QCLEAR(7)• ' m' 

ELSE 

c 

c 

c 

c 

c 

c 
c 

QCLEAR(5)•'4' 
QCLEAR(6)•'0' 
QCLEAR(7)•'m' 

END IF 
VRITE(*,'(1X,3A\)') CLEAR,ESC,'[2J' 

QERASE(1)•ESC 
QERASE(l)•'[' 
QERASE(3)•'K' 

QBOLD ( 1) •ESC 
QBOLD(2)•'[' 
QBOLD(3)•'1' 
QBOLD(4)•'m' 

BLIHK•BOLD 
QBLIHK(3)•'5' 

REVIDEO•BOLD 
QREVIDE0(3)•'7' 

CALL PlTMHU(DATFILE, RSPFILE,PLTFILE, LOTE[.{P) 

C Get data and re•pon•e filenaae• 
MAXROV•l5 
ICURSOR•4 

c 
VRITE(•,'(1A\)') BOLD 

210 COHTIHUE 
CALL SE.TPOS(ICURSOR,IPOS) 
CALL CHREDT(QDATFIL,LE!iGTH,IEHD) 
CALL SETPOS(ICURSOR,IPOS) 
VRITE(•,'(lA\)') DATFILE,ERASE 
IF (STATE(IEHD,QDATFIL)) THEH 

WRITE(•, '(2A\) ') ESC, 
• • [2;201 

OPEH (4,FILE•DATFILE,STATUS•'OLD',FORN•'FORNATTED', 
$ ACCESS•'SEQUEHTIAL') 

DO 220 K•IE!iD,1,-1 
IF (QDATFIL(K).EQ.'\') GO TO 222 

220 CONTINUE 
222 COHTIHUE 

IPATH•K 
IF (IPATH.HE .O) THEH 

DO 224 J•1,IPATH 
QRSPFIL(J)•QDATFIL(J) 
QPLTFIL(J)•QDATFIL(J) 

224 COHTIHUE 
EHDIF 
K•1 
DO 300 I•(IPATH+1),IEHD 

QDATROOT(K)-QDATFIL(I) 
K•K+1 

300 CmiTIHUE 
ELSE 

VRITE(•,'(2A,I2,1A\)') ESC, 
$ '[2;20fFILE DOES HOT EXIST . ... (' , IEHD, ')' 

GO TO 210 
EHDIF 
READ ( 4 , ' ( lA) ') CFIELD 

I 
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READ(4,•) KP~.CTD 
READ(4,•) K,ACC,(SCR(J), J•1,7) 
DO 320 1•8,1016,8 

READ(4,•,EKD•330,ERR•330) K,(SCR(J),J•I,I+7) 
320 COKTIKUE 
330 COHTDIUE 

c 

ITOTDAT•J-1 
CLOSE(4) 
WRITE(•,'(1A\)') 
WRITE(•,'(1A1,1A5,1A72\)') ESC,'[1;2f',CFIELD 

K•ITOTDAT 
DO 360 I•1, ITOTDAT 

Y(l) •SCR(K) 
K•K-1 

360 COHTIHUE 
c 
c 

ICURSOR•5 
380 COHTIHUE 

CALL S!TPOS(ICURSOR,IPOS) 
CALL CHREDT(QRSPPIL,LEKGTH,I!KD) 
CALL S!TPOS(ICURSOR,IPOS) 
WRIT!(•,'(2A\)') RSPFILE,ERASE 
IF (STAT!(I!HD,QRSPFIL)) TH!K 

WRITE(•,'(2A\)') ESC, 
$ '(2;20f 

OPEH (4,FIL!•RSPFILE,STATUS•'OLD',FORM•'FORMATT!D', 
$ ACCESS•'SEQUEKTIAL') 

DO 400 K•IEKD,1,-1 
IF (QRSPFIL(K).EQ.'\') GO f9 410 

400 COKTIHUE 
410 COHTIKUE 

IPATH•K 
K•1 
DO 420 I•(IPATH+l),IEKD 

QRSPROOT(K)-QRSPFIL(I) 
K•K+l 

420 COKTIHUE 

c 

ELSE 
WRITE(•,'(2A,I2,1A\)') ESC, 

$ ' [2; 20fFILE DOES HOT EXIST. . . . (', IEKD, ') ' 
GO TO 380 

!KDIF 

READ(4,' (At)') AKS 
READ(4,•) KPT,CTR 
IF (CTR. KE.CTD) TREK 

WRITE(•, '(1X,2A\) ') ESC, 
• • [2;20f 

WRITE(•,'(2A\)') ESC, 
$ '[2;20fMismatched tiae bases for data t response' 

CLOSE(4) 
GO TO 380 

EKDIF 
READ(4,•) K,ACC,(SCR(J), J•1,7) 
DO 460 1•8,1016,8 

READ(4,•,EKD•470,ERR•470) K,(SCR(J),J•I,I+7) 
460 COHTIHUE 
470 CONTINUE 

ITOTRSP=J-1 

CLOSE(4) 
WRITE(•, '(lA\) ') 
K•ITOTRSP 
DO 600 I•1, ITOTRSP 

R (I) •SCR (K) 
K•K-1 

600 COHTIHUE 
c 

c 

ITOT•MIHO(ITOTDAT,ITOTRSP) 
WRITE(•,'(7A\)') CLEAR,ESC,'[6;5fKuaber of data points (100' 
$ CHAR(243),' N ',CHAR(243),' ' 

CALL PRTIHT(ITOT) 
WRITE(*,'(2A\)') '): ',BOLD 

ICURSOR•6 
CALL SETPOS(ICURSOR,IPOS) 
CALL PRTIHT(HPTS) 

C Get I of points 

c 

IRUL-o 
IPTS•HPTS 
CALL CHGVAL(IREAL,XVAL,IPTS,ICURSOI,IPOS, 
$ BOLD,BLINK,CLEAR,ERAS!) 

IF (IPTS.GT.ITOT) TREK 
HPTS•ITOT 

!LSEIF (IPTS.0!.100) THEN 
HPTS•IPTS 

!HDIF 
CALL SETPOS(ICURSOR,IPOS) 
WRITE(•,'(2A\)') ERASE,BOLD 
CALL PRTIHT(KPTS) 
WRITE(•,'(1A\)') CLEAR 

XKAX • FLOAT(KPTS)•CTD/1000. 
YMAX • 1. 
KTERMS • 8. 
RSUM • 0. 
DO 600 I•1, KPTS 

RSUM • RSUM + 1(1) 
IF (Y(I).GT.YKAX) THEN 

YMAX • Y(I) 
IYMAXCH • I 

ELSE 
Y(I) • AMAX1 (1., Y(l)) 

EKDIF 
600 COKTIKUE 
c 

WRITE(•, '(4A,F7 .2\) ') ESC,' [9; 15f' ,BOLD, 
$ 'Picoseconds per channel: ',CTD 

WRITE(•,'(3A,F7.0,2X,1A,I4,1A\)') ESC,'[10;15f', 
$ 'Ymax • ',YMAX,'Ymax channel • ',IYMAXCH,CLEAR 

c 
C channel to start fit 

ICURSOR•ll 
CALL SETPOS(ICURSOR,IPOS) 

650 COKTIHUE 
IRUL-o 
ISAVE•KSTART 
CALL CHGVAL(IR!AL,XVAL,KSTART,ICURSOR,IPOS, 

$ BOLD,BLIHK,CLEAR,ERASE) 
IF (HSTART.LE .O) TREK 

IDRAlf=O 
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c 

c 

c 

c 
c 
c 

c 
c 
c 
c 
c 

c 

CALL PLTDAT(IDRAV,HSTART,Y,YPIT,CTD,HSTART,NPTS,CFIELD) 
WRITE(• . '(1X,3A\)') CLEAR,ESC,'[1J' 
CALL PRTMHU(DATFILE , RSPPILE, PLTFILE, LOTEMP) 
IF (HSTART . LE .O) THEH 

tiSTART•O 
GO TO 650 

EHDIP 
END IF 

CALL CHGXPS(A) 

IF (HTAUS .EQ . 1) THEH 
ISTART•3 
ISTOP•6 

ELSEIF(HTAUS .EQ . 2) THEH 
ISTART• 2 
ISTOP•7 

ELSE 
ISTART•l 
ISTOP•8 

EKDIF 
A(4)•BSLN! 
A(S)•SHIFT 
A(6)•AMPEST 
A(7)•PRAC21 
A(8)•FRAC31 

RETURJf 
END 

SUBROUTINE HLPMHU 

FUKCTION : 
PRIHTS A HELP SCREEN TO REMIND THE USEI OF 
COHTROL KEYS RECOGHIZED BY SUPERFIT 

... 

CHARACTER•! RSPAVG,BLLMT,ESC ,AHS 
CHARACTER•3 ERASE 
CHARACTER•4 REVIDEO,BOLD,BLIHK 
CHARACTER•? CLEAR 
CHARACTER•72 CPIELD 
COMMOH /CHRDAT/ CPIELD,RSPAVG,BLLMT,ESC,CLEAR, 

$ REVIDEO,BOLD,BLIHK,ERASE 

WRITE(•, '(4A\) ') CL!AR,ESC,' [2J' 
WRITE(•, '(1X,6A\) ') ESC,' [10; 10f' ,BOLD,CHAR(24). 

$ CLEAR,' (keypad 18) .. . ... . . Move up one line' 
WRITE(•,'(lOA\)') ESC,'[11 ; 10f',BOLD,CHAR(25), 

$ CLEAR , ' (keypad 12) or ',BOLD, 'RETURH' ,CLEAR, 
$ ' ... Move down one line' 

WRITE(•, '(6A\) ') ESC , ' [12; lOf' ,BOLD, 
$ 'HOME' ,CLEAR,' (keypad 17) .... . . Alter parameter' 

WRITE(•,'(8A\)') ESC , '[13 ;10f', 
$ 'keypad ' , BOLD, '+' . CLEAR, ' . . . . . . . . . . . , 
$ 'Estimate amplitude with current parameters' 

WRITE(•, '(6A\)') ESC,'[14 ; 10f',BOLD,'?',CLEAR, 
$ ' .. .. .. . ... . . .. This help menu' 

WRITE(• , '(6A\) ' ) ESC,'[l S; lOf' ,BOLD , 

$ 'EHD',CLEAR,' (keypad 11) . ... . .. Exit chans• aenu ' 
C clear keyboard buffer 
80 COHTIHUE 

c 

c 

CALL IHKEY(ITEST,ISCAK,ANS) 
IF (ITEST.HE .O) GO TO 80 

WRITE(•,'(SA\)') ESC,'[l7;2Sf',BOLD, 
$ 'Type any key to continue',CLEAR 

100 COHTIHUE 

c 

c 
c 
c 

c 

CALL IHKEY(ITEST,ISCAK,ANS) 
IF (ITEST .EQ.O) GO TO 100 

RE11JRH 
EKD 

SUBROUTINE MEKU(DATFL!,QDATA,RSPFL!,QRESP,PLTFLE,QPLOT,LOTENP) 

C FUKCTIOH: 
C PRIHTS THE MEKU SCREEN AKD PROKPTS THE usn POl 
C INPUT OF INITIAL ESTIMATES FOR THE PIT PARAMETERS 
c 

c 

c 
c 

c 

DIMEHSION SCR(1024) 
CHARACTER•! AHS,QDATA(3S),QRESP(35),QPLOT(35),RSPAVO,BLLMT,!SC, 

$ QDATROOT(12),QRSPROOT(l2),QPLTROOT(12) 
CRARACTER•3 ERASE 
CHARACTER•4 REVIDEO,BOLD,BLINK 
CHARACTER•7 CLEAR 
CHARACTER•12 DATROOT,RSPROOT,PLTROOT 
CHARACTER•35 DATFL!,RSPFL!,PLTFLE 
CHARACTER•72 CFIELD 
LOGICAL•2 STATE, LOTENP 
EQUIVALEHCE (DATROOT,QDATROOT),(RSPROOT, QRSPROOT) 
EQUIVALEHCE (PLTROOT,QPLTROOT) 

COMMOH /DATA/ Y(1024) 
COMMOH /RES/ A(8) ,CHISQR,CHISQl, ITERHO,NTER.NS 
COMMOH /R1/ l( 1024). RSUM 
COMMON /FILES/ DATROOT, RSPROOT ,PLTROOT 
COMMOH /CHRDAT/ CPIELD ,RSPAVG,BLLMT,ESC,CL!Al, 
$ REVIDEO,BOLD,BLINK,ERASE 

COMMON /NUMDAT/ HPTS,ITOT,MINCH,MAXCH,NSTART,NTAUS,IBTART,ISTOP , 
$ ATAU1,ATAU2,ATAU3,FRAC21,FRAC31,1FIX1,BSLHE, 
$ MIHBL,MAXBL,SHIFT,AMPEST,CTD,XMAX,YMAX,IYMAXCH, 
$ NAHGS , IPOS(25) 

MAXROW•25 
L!HGTH•35 
ICURSOR•4 
CALL SETPOS(ICURSOR,IPOS) 

250 COHTIHUE 

c 

CALL IHKEY(ITEST,ISCAK,AHS) 
IF (ITEST.EQ .O) GO TO 250 

260 CotiTIHUE 
IP (ISCAH.EQ .72) THEH 

270 COtiTIHUE 
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ICURSOR•ICURSOR-1 
IF (ICURSOR . LT . 1) THEH 

ICURSOR• !U.XROW 
EHDIF 
IF (IPOS(ICURSOR).EQ.O) GO TO 170 
CALL SETPOS(ICURSOR , IPOS) 
GO TO 150 

ELSEIF ((ISCAH .EQ.80) .0R.(ISCAH.EQ .18)) THEH 
180 COHTHIUE 

c 

ICURSOR•ICURSOR+1 
IF (I CURSOR . GT . MAXROW) THEM 

ICURSOR•1 
EHDIF 
IF (IPOS(ICURSOR).EQ . O) GO TO 280 
CALL SETPOS(ICURSOR,IPOS) 
GO TO 250 

!LSEIF ((ISCAH.EQ .79) .0R . (ISCAH.EQ.1)) THEN 
IF (AKPEST.LE.O) THEH 

GO TO 420 
ELSE 

GO TO 800 
END IF 

!LSEIF (ISCAH.EQ .78) THEH 
GO TO 420 

ELSE IF (ISCAH. EQ . 71) THEN 
GOT0(250,250,250,310,320,330,340 , 344,250,260, 

• 350,360,362,364,366,368,370,375,380,390,3g1,400,410, 
$ 250 ,2SO)ICURSOR 

!LSEIF (ISCAH.EQ .63) THEH 
CALL HLPMJIU 

ELSE 

WRITE(•, '(3A\) ') CLEAR, ESC,' [2J' 
CALL PRTMHU(DATFLE ,RSPFLE,PLTFL!,LOT!MP) 
GO TO 250 

WRITE(•, '(2A\) ') ESC,' [a' 
WRITE(•, '(SA\)') ESC,' [25;3Sf' ,BOLD, 

$ 'Enter 7 for help • , CLEAR 
WRITE(•,'(2A\)') ESC,'[u' 
GO TO 250 

!NDIF 
GO TO 260 

310 CONTINUE 
C data file 

CALL SETPOS(ICURSOR,IPOS) 
WRITE(•,'(2A\)') ERASE,BOLD 
CALL CHREDT(QDATA , LEHGTH,IEHD) 

C$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 
IF (STATE(IEHD,QDATA)) THEH 

WRITE(•,'(2A\)') ESC, 
• • [2;20f 

OPEN (4,FILE•DATFLE,STATUS•'OLD',FORM•'FORMATTED', 
$ ACCESS•'SEQUEHTIAL') 

DO 311 K•IEHD,1 ,- 1 
IF (QDATA(K) .EQ . '\') GO TO 312 

311 COHTHIUE 
312 COHTIHUE 

IPATH•K 
IF (IPATH.HE .O) THEN 

DO 313 J· .. l , !PATH 
QPLOT(J) : QOATA(J) 

313 
EHDIF 
K•1 

COHTIHUE 

DO 314 I•(IPATH+1),1!HD 
QDATROOT(K)-QDATA(I) 
K•K+1 

314 COHTIHUE 
ELSE 

WRITE(•,'(2A,I1,1A\)') ESC, 
$ ' [2; 20fFILE DOES NOT !.liST. . . . (', IEHD, ')' 

GO TO 310 
EHDIF 
READ(4,'(1A)') CFI!LD 
READ(4,•) HPT,CTD 
IUW>(4, •) K ,ACC, (SCil(J), J•1, 7) 
DO 316 I•8,1016,8 

READ (4, • ,EHD•317 ,lJlll•317) I, (SCil(J), J•I, 1+7) 
316 COHTIHUE 
317 COHTIHUE 

c 

ITOTDAT•J-1 
CLOSE(4) 
WRITE(•, '(lA\) ') 
WRITE(•,'(1A1,1A6,1A72\)') !SC,'[1;1f',CFI!LD 

IYMAXCH•l 
YMAX•t.O 
K•ITOTDAT 
DO 318 1•1,1TOTDAT 

Y(I)•SCR(K) 
IF (Y(I) .OT . YMAX) THEM 

YMAX•Y(I) 
IYMAXCH•I 
ELSE 
Y(l) •AMAXl ( 1. , Y(l)) 
EHDIF 

K•K-1 
318 COHTIHUE 
c 
c 

WRITE(•, '(lA\) ') CL!Ail 
ISCAH•80 
GO TO 260 

320 COHTIHUE 
C response file 

CALL SETPOS(ICURSOil,IPOS) 
VRITE(•,'(2A\)') ERASE,BOLD 
CALL CHREDT(QRESP,LENGTH,IEND) 

C$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 
IF (STATE(IEHD,QRESP)) THEM 

WRITE(•, '(2A\) ') ESC, 
• • [2;20f 

OPEN (4,FILE•RSPFL!,STATUS•'OLD',FORM•'FORMATTED', 
$ ACCESS•'SEQUENTIAL') 

DO 322 K•IEHD,1,-1 
IF (QRESP(K).EQ . '\') 00 TO 323 

322 COHTIHUE 
323 COHTIHUE 

IPATH•K 
K•1 
DO 324 I•(IPATH+1),1EHD 

QRSPROOT(K)-QRESP(I) 
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K•K+l 
324 CONTINUE 

c 

ELSE 
VRITE(•,'(2A,I2,1A\)') ESC, 

$ '[2;20fFILE DOES NOT EXIST ... . (',IEHD,')' 
GO TO 320 

EHDIF 

READ(4,' (AI)') AHS 
RUD(4,•) HPT,CTR 
IF (CTR.HE . CTD) THEH 

VRITE(•,'(lX,2A\)') ESC, 
• • [2;20f 

WRITE( •, '(2A\) ') ESC , 
$ '[2;20fMiamatched tiae ba••• for datal re•ponae' 

CLOSE(4) 
GO TO 320 

EHDIF 
READ(4,•) ~ , ACC,(SCR(J), J•l,7) 
DO 325 1•8,1016,8 

READ(4,•,EHD•326,ERR•326) K, (SCR(J),J•I,I+7) 
325 COHTIHUE 
326 COHTIHUE 

ITOTRSP•J- 1 
CLOSE(4) 
VRITE(•,'(1A\)') 
K•ITOTRSP 
DO 327 1•1, ITOTR.SP 

R(I)•SCR(K) 
K•K- 1 

327 COHTIHUE 
c 

328 

llSUM • 0. 
DO 328 1•1, HPTS 

RSUM • RSUM + R(l) 
CONTI HUE 

c . 
c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

VRITE(• , '(1A\)') CLEAR 
ISCAH•80 
GO TO 260 

330 CONTINUE 
C I of data point• 

IREAL-o 
ISAVE•HPTS 

335 

CALL CHGVAL(IR!AL,XVAL,HPTS,ICURSOR,IPOS, 
$ BOLD,BLIHK,CLEAR,ERASE) 

IF ( (KPTS. LE . 99) . OR . (HPTS . GT . ITOT)) THEH 
CALL SETPOS(ICURSOR,IPOS) 
VRITE(•,'(2A\)') ERASE,BOLD 
HPTS•ISAVE 
CALL PRTIHT(HPTS) 
WRITE(•, '(lA\) ') CLEAR 

EHDIF 
~iAX·FLOAT(HPTS)•CTD/1000 . 
RSIJI~ • 0 . 
DO 335 1•1,HPTS 

RSIJI~ • RSUM + R(I) 
CONTINUE 

ISCAN•80 
GO TO 260 

340 CONTINUE 
C angle modulated decay fittina OK or OFF 

IF (ISCMI. HE . 28) THEH 
CALL SETPOS(ICURSOR,IPOS) 
VRITE(•,'(2A\)') ERASE,BOLD 
IF (LOTEMP) THEH 

LOTEMP•.FALSE. 
WRITE(•,'(lA\) ' ) 'Off' 

ELSE 
LOTEMP•. TRUE. 
WRITE(•,'(U\)') 'On ' 

EHDIF 
WRITE(•, '(lA\) ') CLEAJl 

342 COHTIHUE 

ELSE 

CALL IHKEY(ITEST,ISCAK,AHS) 
IF (ITEST.EQ.O) GO TO 342 
GO TO 340 

CALL SETPOS(ICURSOR,IPOS) 
VRITE(•,'(2A\)') ERASE,REVIDEO 
IF (LOTEt.cP) THEK 

ELSE 

WRITE(•,'(lA\)') 'On ' 
IPOS(8)•26 

VRITE(•,'(1A\)') 'Off' 
IPOS(8)-o 

EHDIF 
WRITE(•, '(lA\) ') CLEAJl 

!.HDIF 
3U COHTIHUE 

c 

c 
c 
c 

IF (LOTEMP) TREK . 
WRITE(•, '(2A\) ') ESC,' [8;8fHuaber of aqle•: ' 

IF (HAHGS .EQ .O) THEH 
VRITE(•,'(3A\)') R!VIDEO,' ',CLEAR 

!.LSE 
VRITE(•,'(1A,I2,1A\)') BOLD,KAHGS,CL!AR 

EHDIF 
ICURSOR•8 
IREAL•O 
IXSAVE•HAKGS 
CALL CHGVAL(IR!AL,XVAL, KAKGS, ICURSOI, IPOS, 

$ BOLD,BLIHK,CLEAR,ERASE) 
IF ((HANGS.LT.O) .OI.(HAHGS .GT .30)) THEK 

HAHGS•IXSAVE 
CALL SETPOS(ICURSOI,IPOS) 
WRITE(•, '(lA\) ') BOLD 
CALL PRTIKT(HAHGS) 
VRITE(•,'(1A\)') CLEAJl 

EKDIF 
ELSE 

WRITE(•, '(3A\)') ESC,'[8;lf' ,ERASE 
EKDIF 
IF ((LOTEMP).AHD.(HAHGS .EQ .O)) GO TO 344 

ISCAH•80 
GO TO 260 

C response baseline correction 
C CALL CHRALTR(RSPAVG,ICURSOR,IPOS,BOLD,BLINK,CLEAR) 

I 
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C341 CONTINUE 
C WRITE(•,'(lA\}'} CLEAR 
C IF ((RSPAVG .EQ. 'Y').OR . (RSPAVG . EQ . 'y'}} THEN 
C IPOS(8)•45 
C IF (MINCH . GE.MAXCH) THEN 
C WRITE(•,'(lOA\)') ESC,'[8;8fChannel range for average', 
C $ ' (min,max) : ' ,REVIDEO,' ',CL!Al,',',REYIDEO,' ',CLEAR 
C ELSE 
C WRITE(•, '(4A\) ') ESC, 
C $ '[8;8fChannel range for average', 
C $ ' (min, max) : ' , BOLD 
C CALL PRTINT(MINCH) 
C WRITE(•,'(3A\)') CLEAR , ' , ',BOLD 
C CALL PRTINT(~CH) 
C WRITE(•,'(lA\)') CLEAR 
C EHDIF 
c 
c 
c 
c 
c 
cu 
c 
c 
c 
c 
C48 
C50 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

Response baseline correction 
SUM-o. 
DO 44 I•MINCH,MAXCH 

SUM•SUM + R(l) 
CONTHIUE 

AYG • SUM/FLOAT(MAXCH-MINCH+l) 
IRITE(•,•) 'AVERAGE •',AYG 
DO 46 l•l,HPTS 

R(I) • R(I) - AVG 
CONTINUE 
CONTINUE 

I CURSOR•& 
IREAL•O 
CALL CHGVAL(IREAL,XVAL,MINCH,ICURSOR,IPOS, 
$ BOLD,BLINK,CLEAR, !RASE) 
IF ((MINCH.L!.O).OR.(MINCH .G! . NPTS)) TH!H 

MINCH•l 
CALL SETPOS(ICURSOR,IPOS) 
WRITE(•, '(lA\) ') ERASE,BOLD 
CALL PRTINT(MINCH) 

END IF 
WRITE(•,'(lA\)') CLEAR,' , ' 
ISAYE•IPOS(ICURSOR) 
IPOS(ICURSOR)•ISAVE+7 
CALL CHGVAL(IREAL,XVAL,MAXCH,ICURSOR, IPOS, 
$ BOLD,BLINK,CLEAR,ERASE) 
IPOS (I CURSOR) • ISA YE 
IF ((~CH. LT. 0) . OR. (MAXCH . GT. NPTS)) TH!H 

MAXCH•O 
EHDIF 

11 (MINCH.G! . MAXCH) THEN 
WRITE(•, '(4A\)') ESC, '[8;U' ,!SC, '[K' 

IPOS(B)-o 
RSPAVG•'N' 
ICURSOR•7 
CALL SETPOS(ICURSOR,IPOS) 
WRITE(•,'(3A\)') BOLD,RSPAVG,CLEAR 

ELSE 

• 
WRITE(•,'(4A\)') ESC, ' [8;8fChannel range for average', 

' (min, max) : ',BOLD 
WRITE(•, ' ( 1A\) ') ERASE 
CALL PRTINT(t.UNCH) 

C WRITE(•,'(3A\)') CLEAR,' , ',BOLD 
C CALL PRTIHT(~CH) 
C WRITE(•, '(lA\} ') CLEAR 
C EHDIP 
C ELSEIF ((RSPAVG.N!.'H') .Ol . (RSPAYO.N!.'n')) THEN 
C RSPAYG•'N' 
C IPOS(B)-o 
C WRITE(•,'(3A\)') !SC,'[8;U',ERAS! 
C ICURSOR•7 
C CALL SETPOS(ICURSOl,IPOS) 
C WRITE(•,'(3A\)') BOLD,RSPAYG,CL!Al 
C ENDIP 
C ISCAH•80 
C GO TO l60 
c 
350 CONTINUE 
C channel to start fit 

IREAL•O 
ISAVE•NSTART 
CALL CHGVAL(IRlAL,XVAL,NSTART,ICUJSOl,IPOS, 

$ BOLD,BLIHK,CL!AR,ERAS!) 
IF (NSTART.LE.O) THEN 

I DRAW-<> 
CALL PLTDAT(IDRAW,HSTART,Y,TPIT,CTD,HSTART,HPTS,CPI!LD) 
WRITE(•, '(1X,3A\) ') CLEAR, ESC,' [lJ' 
CALL PRTMNU(DATPLI,RSPPLI,PLTPL!,LOT!MP) 
IF (NSTART . L!.O) THEH 

NSTART•O 
GO TO 360 

END IF 
!NDIF 
ISCAH•80 
GO TO l60 

360 CONTINUE 
C I of components 

CALL CHGXPS (A) 
ISCAN•BO 
GO TO l60 

36l CONTINUE 
C lifetime 11 

IREAL•l 
XSAYE•ATAUl 
CALL CHGYAL(IREAL,ATAUl,IXVAL,ICUISOl,IPOS, 
$ BOLD,BLINK,CL!Al,!RAS!) 

IF (ATAUl.L!.O) THEN 
CALL S!TPOS(ICURSOR,IPOS) 
WRITE(•, '(lA\) ') ERA.SR,BOLD 
ATAUl•XSAVE 
CALL PRTRL(ATAUl) 
WRITE(•, '(lA\)') CLEAR 

EHDIP 
ISAVE•IPOS(ICURSOR) 
IPOS(ICURSOR)•ISAYE+8 
CALL SETPOS(ICURSOl,IPOS) 
WRITE(•,'(lA\)') '(' 
XTAU•ATAUl•CTD 
CALL PRTRL(XTAU) 
IPOS(ICURSOR)•ISAYE 
WRITE(•, '(lA\) ') ' psec)' 
IF (IPIXl.GT .O) THEN 

ISA VE• IPOS (I CURSOR) 
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IPOS(ICURSOR)•ISAV£+27 
CALL S£TPOS(ICURSOR,IPOS) 
WRITE(•,'(2A\)') CLEAR,'constrained' 
IPOS(ICURSOR)•ISAVE 

EHDIF 
ISCAH•80 
GO TO 260 

364 COHTIHUE 
C lifetime f2 

IRUL•1 
XSAVE•ATAtn 
CALL CHGVAL(IRUL,ATAtn,IXVAL,ICURSOR,IPOS, 

$ BOLD,BLIHK,CLEAR,ERASE) 
IF (ATAU2.LE.O) THEH 

CALL SETPOS(ICURSOR,IPOS) 
WRITE(•,'(2A\)') ERASE,BOLD 
ATAU2•XSAVE 
CALL PRTRL(ATAtn) 
WRITE ( •, ' ( 1A \) ') CLEAR 

EHDIF 
ISAVE•IPOS(ICURSOR) 
IPOS(ICURSOR)•ISAV£+8 
CALL SETPOS(ICURSOR,IPOS) 
WRITE(•,'(IA\)') '(' 
XTAU•ATAtn•CTD 
CALL PRTRL(XTAU) 
IPOS(ICURSOR)•ISAVE 
VRITE(•,'(1A\)') 'psec)' 
IF (IF IX I. GT .1) THEH 

ISAVE•IPOS(ICURSOR) 
IPOS(ICURSOR)•ISAV£+27 
CALL S£TPOS(ICURSOR,IPOS) 
WRITE(•,'(2A\)') CLEAR,'conatrained' 
IPOS(ICURSOR)•ISAVE 

!HDIF 
ISCAH•80 
GO TO 260 

366 COHTIHUE 
C lifetime f3 

IRUL•1 
XSAVE•ATAU3 
CALL CHGVAL(IREAL,ATAU3,IXVAL,ICURSOl,IPOS, 

$ BOLD,BLIHK,CLEAR,ERAS£) 
IF (ATAU3.LE.O) THEH 

CALL SETPOS(ICURSOR,IPOS) 
WRITE(•,'(2A\)') ERASE,BOLD 
ATAU3•XSAVE 
CALL PRTRL(ATAU3) 
WRIT! ( • , ' ( 1A \) ') CLEAR 

EHDIF 
ISAVE•IPOS(ICURSOR) 
IPOS(ICURSOR)•ISAV£+8 
CALL S£TPOS(ICURSOR,IPOS) 
WRITE(•, '(lA\) ') '(' 
XTAU•ATAU3•CTD 
CALL PRTRL(XTAU) 
lfRITE.(•,'(lA\)') • psec)' 
IPOS(ICURSOR)•ISAVE 
ISCAtl"'80 
GO TO 260 

368 COHTIHUE 

C fraction 2/1 

c 

WRITE(•,'(2A,F5.2,2A\)') BOLD,BLIHK,FRAC21,CLEAl,BOLD 
CALL SETPOS(ICURSOR,IPOS) 
CALL RDVAL(XVAL,IXVAL,IlfARH) 
IF ((IWARH.LT.O).OR.(XVAL.LT.O)) THEH 

GO TO 368 
ELSEIF (llfARH.GT.O) THEH 

FRAC21•XVAL 
EHDIF 
CALL SETPOS(ICURSOR,IPOS) 
WRITE(•, '(lA\) ') ERASE 
WRITE(•,'(F5.2,1A\)') FRAC21,CLEAR 

ISAVE•IPOS(ICURSOR) 
IPOS(ICURSOR)•ISAV£+8 
CALL SETPOS(ICURSOR,IPOS) 
WRIT£(•, '(lA\) ') '(' 
IF (HTAUS.EQ.2) THEH 

XPRCHT• (FRAC21/ (FRAC21 +1)) •100. 
CALL PRTRL(XPRCHT) 
WRIT£(•,'(1A\)') 'l)' 
IPOS(ICURSOR)•ISAYE 

ELSE 
XPRCHT•(FRAC21/(FRACl1+PIAC31+1))•100. 
CALL PRTRL(XPRCHT) 
WRIT£(•,'(1A\)') 'l)' 
IPOS(ICURSOR)•ISAYE 

C update FRAC31 percentage alao 

c 

ICURSOR•17 
ISAVE•IPOS(ICURSOR) 
IPOS(ICURSOR)•ISAV£+8 
CALL SE.TPOS(ICURSOR,IPOS) 
WRITE(•, '(lA\) ') ' (' 
XPRCHT•(FRAC31/ (PRACl1+PIAC31 +1) )•100. 
CALL PRTRL(XPRCHT) 
WRIT£(•,'(1A\)') 'l)' 
IPOS(ICURSOR)•ISAYE 

EHDIF 

A(7)•FRAC21 
ISCAH•80 
GO TO 260 

370 COHTIHUE 
C fraction 3/1 

c 

VRITE(•,'(lA,FS.l,lA\)') BOLD,BLIHK,PlAC31,CLEAl,BOLD 
CALL SETPOS(ICURSOR,IPOS) 
CALL RDVAL(XVAL, IXVAL,IWARH) 
IF ((IWARH.LT.O).Ol.(XVAL.LT.O)) THEH 

GO TO 370 
!LSEIF (IWARH. GT. 0) THEH 

FRAC3l•XVAL 
EHDIF 
CALL SE.TPOS(ICURSOR,IPOS) 
WRITE(•,'(IA\)') ERASE 
WRITE(•, '(FS .l,tA\) ') FRAC3l,CLEAR 

ISAVE•IPOS(ICURSOR) 
IPOS(ICURSOR)•ISAV£+8 
CALL SETPOS(ICURSOR,IPOS) 
lfRITE(•,'(lA\)') '(' 
XPRCHT~(FRAC31/(FRAC21+FRAC31+1))•100. 
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CALL PRTRL(XPRCNT) 
WRITE(•, '(lA\) ') 'l)' 
IPOS(ICURSOR)•ISAVE 

C update FRAC21 percentage also 

c 

c 
c 

ICURSOR•16 
ISAVE•IPOS (I CURSOR) 
IPOS(ICURSOR)•ISAVE+8 
CALL S!TPOS(ICURSOR,IPOS) 
WRITE(•,'(lA\)') '(' 
XPRCNT•(PRAC:Z1/(FRAC21+FRAC31+1))•100. 
CALL PRTRL(XPRCNT) 
WRITE(•,'(1A\)') 'l)' 
IPOS(ICURSOR)•ISAVE 

A(8)•FRAC31 
ISCAN•80 
GO TO 260 

376 CONTINUE 
C fix lifetime f 

IFIX•IFIXl 
IREAL-o 
CALL CHGVAL(II!AL,XVAL,IFIX,ICURSOR,IPOS, 

$ . BOLD,BLINK,CLEAR,ERASE) 
IF ((IFIX.LT.l).OR.(IFIX.GT.3)) THEN 

ICURSOR•13 
DO 377 K•1,3 

ISAVE•IPOS(ICURSOR) 
IPOS(ICURSOR)•ISAVE+l7 
CALL SETPOS(ICURSOR,IPOS) 
WRITE(•, '(U\) ') ERAS! 
IPOS(ICURSOR)•ISAVE 
ICURSOR•ICURSOR+1 

377 CONTHIU! 
ICURSOR•18 
CALL SETPOS(ICURSOR,IPOS) 
IFIXl-<> 
WRIT!(•,'(1A,I1,1A\)') BOLD,IFIX1,CLEAI 

ELSE 
C a valid entry was read 

IF (NTAUS.EQ.l) THEN 
IPIX1•1 
CALL SETPOS(ICURSOR,IPOS) 
WRITE(•, '(U, Il,lA\) ') BOLD, IFIXl,CL!AR 

ELSE 
IF (IFIX.!Q.1) THEN 

IFIX1•1 
ICURSOR•14 
ISAVE•IPOS(ICURSOR) 
IPOS (I CURSOR) •ISAVE+l7 
CALL SETPOS(ICURSOR,IPOS) 
WRITE(•, '(lA\)') ERASE 
IPOS(ICURSOR)•ISAVE 

ELSE 
IFIX1•2 
CALL SETPOS(ICURSOR,IPOS) 
WRITE(• , '(U, 11, lA\) ') BOLD, IPIX1,CLEAR 
ICURSORa14 
ISA V!=IPOS (I CURSOR) 
IPOS(ICURSOR)sJSAV!+27 

CALL S!TPOS(ICURSOR,IPOS) 
WRIT!(*,'(:ZA\)') CL!AR,'conetrained' 
IPOS(ICURSOR)•ISAVE 

END IF 
!NDIF 
ICURSOR•13 
ISAVE•IPOS(ICURSOR) 
IPOS(ICURSOR)•ISAVE+l7 
CALL SETPOS(ICURSOR,IPOS) 
WRITE(•,'(:ZA\)') CLEAR,'conatrained' 
IPOS(ICURSOR)•ISAV! 
ICURSOR•18 
CALL SETPOS(ICURSOR,IPOS) 

!HDIF 
IF (NTAUS.!Q.l) TH!H 

ELSE 

IP (IPIXl.GT.O) THEN 
ISTART•3 

ELSE 
ISTART•l 

ENDIP 
ISTOP•7 

IP (IPIX1.!Q.O) TH!H 
ISTART•l 

!LSEIP (IFIX1.!Q.1) TH!K 
ISTART•l 

ELSE 
ISTART•3 

EHDIF 
ISTOP-8 

END IF 
ISCAN-80 
GO TO 260 

380 CONTINUE 
C baseline eetiaate 

c 

IREAL•1 
CALL CHGVAL(IREAL,BSLH!,IXVAL,ICURSOl,IPOS, 
$ BOLD,BLINK,CLEAR,!RASE) 

CALL SETPOS(ICURSOR,IPOS) 
WRITE(•,'(:ZA\)') ERASE,BOLD 
CALL PRTRL(BSLK!) 
WRITE(•,'(lA\)') CLEAR 
A(4)•BSLN! 
ISCAH•80 
GO TO 260 

390 CONTINUE 
C constrain baseline??? 

CALL CHRALTR(BLLMT,ICURSOl,IPOS,BOLD,BLIKK,CLEAR) 
391 COHTINUE 

WRITE(•,'(1A\)') CLEAR 
IF ((BLLMT.EQ.'Y').OR.(BLLMT.EQ.'y')) THEN 
IPOS(:Z1)•35 
IF (!HHBL. GE . MAXBL) THEN 

VRITE(•,'(10A\)') ESC, '[21;8f', 
$ 'Baseline limite (m.in,m.ax): ',REVIDEO,' ',CLEAR, 
$ ' , ' , REV IDEO, ' ' , CLEAR 
ELSE 

WRITE(•,'(:ZA\)') !SC,'[21;8fBaeeline limite (min,m.ax) : ' 
WRITE(•,'(1A\)') BOLD 
CALL PRTINT(MHIBL) 
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c 

c 

WRITE(•,'(3A\)') CLEAR,' , ',BOLD 
CALL PRTIHT(~AXBL) 
WRITE(•, '(lA\) ') CLEAR 

END IF 
ICURSOR•:Zl 
IREAL•O 
CALL CHGVAL(IREAL,XVAL.~IHBL,ICURSOl,IPOS, 
$ BOLD,BLIHK,CLEAR,ERASE) 
WRITE(•, '(1A\) ') ' , ' 
ISAVE•IPOS(ICURSOR) 
IPOS(ICURSOR)•ISAVE+7 
CALL CHGVAL(IREAL,XVAL.~L,ICURSOR,IPOS, 
$ BOLD,BLIHK,CLEAR,ERASE) 
IPOS(ICURSOR)•ISAVE 

IF (~IHBL . OE.~L) THEN 
WRITE(•, '(3A\) ') ESC,' [11: U' ,ERASE 

IPOS(11)-<> 
BLL~T•'H' 
ICURSOR•10 
CALL SETPOS(ICURSOR,IPOS) 
WRITE(•,'(3A\)') BOLD,BL~.CLEAI 

ELSE 
WRITE(•. '(3A\) ') ESC,' [11: U' ,UAS! 

WRITE(•,'(1A\)') ESC,'[11;8fBaseline liaits (ain,aax): ' 
WRITE(•,'(lA\)') BOLD 

CALL PRTIHT(~IHBL) 
WRITE(•,'(3A\)') CLEAR,' , ',BOLD 
CALL PRTIHT(KAXBL) 
WRITE ( • , ' ( 1A \) ') CLEAR 

END IF 
ELSEIF ((BL~.HE. 'H') . OR. (BL~ .HE. 'n')) THEN 

B~T•'H' 
IPOS(11)-<> 

WRITE(•, '(3A\) ') ESC ,' [11: 1f' ,ERASE 
ICURSOR•10 
CALL SETPOS(ICURSOR,IPOS) 
WRITE(•, '(3A\) ') BOLD,BLL~ ,CLEAR 

END IF 
ISCAH•80 
GO TO 160 

400 CONTINUE 
C lamp-shift estimate 

I REAL• I 
CALL CHGVAL(IREAL,SHIFT,IXVAL,ICURSOl,IPOS, 

$ BOLD,BLIHK,CLEAR,ERASE) 
CALL SETPOS(ICURSOR,IPOS) 
WRITE(•, '(1A\) ') ERASE,BOLD 
CALL PRTRL(SHIFT) 
WRITE(•. '(1A\) ') CLEAR 
A(5)•SHIFT 
ISCAH•80 
GO TO 160 

410 COHTHIUE 
C estimated amplitude 

IREAL•l 
XSAVE·~PEST 
CALL CHGVAL(IREAL,XSAVE,IXVAL,ICURSOR,IPOS, 

$ BOLD, BLINK, CLEAR,ERASE) 
IF (XSAVE.LE.O) THEN 

c 

ELSE 
GO TO 410 

CALL SETPOS(ICURSOR,IPOS) 
WRITE(•,'(1A\)') ERASE,BOLD 
AMPEST•XSAVE 
CALL PRTRL(AKPEST) 
WRITE ( • , ' (lA \) ') CLEAR 

EN DIP 
A(6)•AKPEST 
ISCAH•80 
GO TO 160 

410 COHTIHUE 
C estimate amplitude 

WRITE(•, '(4A\) ') BOLD,ESC, '[13;61', 
$ 'Estimatina amplitude. . . . 

IF (LOTE~) TIIEH 
CALL LHLOT~(HAHGS,HTAUS,A,HPTS,Y,l,lSUM) 

ELSE 
CALL LHHEW(HTAUS,A,KPTS,Y,l,lSU~) 

END IF 
AMPEST•A(6) 

ICURSOR•13 
IPOS(ICURSOR)•16 
WRITE(•,'(4A\)') CLEAI,!SC,'[23;6f',EIASE 
WRITE(•, '(4A\) ') ESC,' (13;61', 

$ 'Estimated amplitude: ',BOLD 
CALL PlTRL(AMPEST) 
WRITE(•, '(U\) ') CLEAR 

450 COHTIHUE 
IREAL•l 
XSAVE-~PEST 
CALL CHGVAL(IREAL,XSAVE,IXYAL,ICUlSOI,IPOS, 

$ BOLD,BLIHK,CLEAR,ERASE) 
IF (XSAVE.LE.O) THEN 

ELSE 
GO TO 450 

CALL SETPOS(ICURSOR,IPOS) 
WRITE(•,'(1A\)') ERASE,BOLD 
AMPEST•XSAVE 
CALL PRTRL(AKPEST) 
WRITE(•,'(lA\)') CLEAR 

END IF 
A(6)•AKPEST 

800 CONTINUE 
IF (HTAUS.EQ.l) THEN 

A(3)•ATAU1 
ISTART•3 
ISTOP•6 

ELSEIF(NTAUS .EQ.1) THEN 
A(:l)•ATAUl 
A(3)•ATAU1 

ELSE 

IF (IFIXl.GT.O) THEN 
ISTART•3 

ELSE 
ISTART•1 

END IF 
ISTOP•7 

A(l)•ATAUl 
A(2)•ATAU2 
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c 
c 
c 

c 

A(3)•ATAU3 
IP (IPIXI.EQ.O) THEH 

ISTART•l 
ELSEIP (IFIXL EQ. 1) THEH 

ISTART•l 
ELSE 

ISTAJlT•3 
EHDIF 
ISTOP-8 

EHDIP 
A(4)•BSLK! 
A(5)•SHIFT 
A(6)•AKPEST 
A(7)•PRACl1 
A(8)•FRAC31 

Jl!TUIUf 
EHD 

SUBROUTIK! CKRSLT(A,DATFILE,lSPFIL!,PLTPIL!) 

C PUHCTIOH: 
C OUTPUTS THE VALUES OF THE VARIOUS ARRAYS AND 
C VALUES OF PARAMETERS IH THE COMMOH BLOCKS 
C OHLY CALLED IH SUP!RFIT DEBUG MODE 
c 

c 

c 

DIM!HSIOH A(8) 
CHARACTER•l BRTSCI,AHS,RSPAVG,BLLMT,ESC 
CHARACTER•3 !RASE 
CHARACTER•4 REVIDEO,BOLD,BLIHK 
CHARACTER•? CLEAR 
CHARACTER•35 DATFIL!,RSPFILE,PLTPILE 
CHARACTER•7l CPIELD 
COMMOH /CHRDAT/ CFI!LD,RSPAVG,BLLMT,!SC,CL!Al, 
$ REVIDEO,BOLD,BLIHK,!RAS! 

COMMOH /HUMDAT/ HPTS,ITOT,MIHCH,MAXCB,HSTAIT,HTAUS,ISTART,ISTOP, 
$ ATAU1,ATAU2,ATAU3,FRACl1,FRAC31,IFIX1,BSLH!, 
$ MIHBL,MAXBL,SHIPT,AKPEST,CTD,XMAX,YMAX,IYMAXCH, 
$ HAHGS,IPOS(l5) . 

WRITE(•, '(1X,3A) ') CLEAI,!SC, '[2J' 
WRITE(•, •) ' ' 
WRITE(•,•) 
WRITE(•,•) HTAUS,ATAU1,ATAU2,ATAU3,FRAC21,FIAC31 
WRITE(•,•) (A(I),I•1,4) 
WRITE(•,•) (A(I),I•5,8) 
WRITE(•,•) ISTART,ISTOP 
WRITE(•, •) ' ' 
WRITE(•,•) DAYFILE 
WRITE(•,•) RSPFILE 
WRITE(•,•) PLTFILE 
WRITE(•,'(4A)') 'RSPAVG• ',RSPAVG,' BLLMT• ',BLLMT 
WRITE( •, •) MIHCH, MAXCH, MIHBL, MAXBL 
WRITE(•.•) HSTART,HPTS,ITOT 

WRITE(•.•) IPIX1,IF'IX2 
WRITE(•.•) BSLHE,SHIFT,AMPEST,CTD,YMAX,IYMAXCH 
RETURN 
END 

c 
c 

c 
SUBROUTINE FDLOTMP(I,A,DEiliV,H) 

C FUHCTIOH: 
C CALUCULATES THE ANALYTICAL D!lliVATIYES FOl THE 
C FREE PARAMETERS IH THE ANGLE--MODULATED BIEXPOHEHTIAL 
C DECAY ANALYSIS 
c 

c 

c 

c 

DOUBLE Pll!CISIOH DEiliV(l) 
DIM!HSIOH A(l),TAU(3),!A(3),DA(3),P(9), 
$ F1(30),Pl(30),P3(30),P4(30),C!A(30),XDA(30),CDA(30) 

CHARACTEil•l ESC,JlSPAVG,BLLMT 
CHARACTER•3 ERASE 
CHARACTER•4 Jl!VID!O,BOLD,BLIHK 
CHARACTER•? CLEAR 
CHARACTER•7l CPI!LD 
CO~MOH /Ill/ Jl(10l4),RSUM 
COM~OH /PIT/ YPIT(10l4) 
CO~MOH /DRY/ l1,Jll,l3,P,!A,DA 
COMMOH /DRVl/ F1,Pl,P3,F4,C!A,CDA,XDA,PP1,PP2,PP3,PP4 
COMMOH /CHRDAT/ CFI!LD,ISPAVG,BLLMT,ESC,CLEAI, 

$ R!VIDEO,BOLD,BLIHK,!IAS! 
COMMOH /HUMDAT/ HPTS,ITOT,MIHCH,MAXCH,HSTAIT,HTAUS,ISTAIT,ISTOP, 
$ ATAU1,ATAU2,ATAU3,PRAC21,PRAC31,1FIX1,BSLH!, 
$ MIHBL,MAXBL,SHIFT,AMP!ST,CTD,XMAX,YMAX,IYMAXCB, 
$ HAHGS,IPOS(l5) 

COMMOH /FLAG/ IOVRFLO 
RESP (X)•( (1. +AIHT(X) -X)•l(IHT(X) )+(X-AIHT(X) )•l(IHT(X)+l))/ISUM 
PI•3.1U59 

TMIH•l. 
TMAX•10l2. 
IF ((BLLMT.!Q.'Y').Ol.(BLLMT.EQ.'J')) THEH 

A(4)•AMAX1(FLOAT(MIHBL),A(4)) 
A(4)•AMIH1(FLOAT(MAXBL) ,A(4)) 

!HDIF 

A(7)•AMAX1(A(7) ,0.) 

DO 70 J•1,8 
DERIV(J)-o.ODO 

70 COHTIHU! 
DERIV(4)•1.0DO 

c 
6 COHTIHU! 

IF (I-H) 10,10,175 
10 COHTIHU! 
c 

HTAUS•2 
IF (HAHGS.!Q.l) THEH 

HAHGS-o 
!HDIF 
XAHGS•PLOAT(HAHGS) 
XAHGS•AMAX1(XAHGS,1.) 
FFl•O. 
FP2•0. 
FP3=0. 
FF4•0. 
DO 15 J•1,30 

Fl(J)•O. 
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Fl(J)-o. 
F3(J)-o. 
F4(J)-o. 

15 COHTIHUE 
c 

DO 50 J•1,3 
TAU(J)-o. 
EA(J)-o. 
DA(J)•O . 

50 COHTIHUE 
DO 60 J•1,9 

F(J)-o. 
60 COHTIHUE 
c 
c 

c 

IF (HTAUS.EQ.1) THEH 
TAU(l)•A(3) 

ELSEIF (HTAUS .EQ.2) THEN 
TAU(1)•A(2) 
TAU(2)•A(3) 

ELSE 
TAU(1)•A(1) 
TAU(2)•A(l) 
TAU(3)•A(3) 

!.HDIF 

DO 120 J•1, HTAUS 
EA(J)•EXP ( -1 . /TAU(J)) 
DA(J)•((1./TAU(J))••2)•EA(J) 

120 CGHTIHUE 
c 

DO 125 K•1,(HAHGS+1) 
lAHG•FLOAT(K-1)•PI/(l•XAHGS) 
COSlAHG-(COS(RAHG))••2 
CEA(K)•EXP( - 1• (COSlAHG• ( 1/TAU(l) )+(1/TAU(2)))) 

C XDA(K) •( (1/TAU(2)) • •l) • (CEA (K)+EA(2)) 
XDA(K)•( (1/TAU(l)) • •2) •CEA(K) 
CDA(K)•((l/TAU(1))••2)•CEA(K)•COS2AHO 

125 COHTIHUE 
c 

TO-A(5) 
TO•AI.(IH1(TO,TKAX) 
TO-AMAX1(TO,TI.(IH) 
11-o. 
12-<> . 
R3•R!SP(TO) 
DO 160 J•l. H 

T•FLOAT(J)+A(5) 
T•AMAX1(T,TI.(IH) 
T•AMIHl(T,TI.(AX) 
ll•R2 
Rl•R3 
R3•R!SP(T) 
DR•0.5•(R3-l1) 
DO 14.0 K•l,HTAUS 

IPT•3•K 
F(IPT-2)•F(IPT-2)•EA(K)+F(IPT-1)•DA(K) 
F (IPT- 1 )•F ( IPT-1) •EA(K) +R2 
F (IPT)•F (IPT) •EA (K) +DR 

140 COHTIHUE 
FF1=FF1•EA(l) + DA(2)•FF2 

145 
c 

FF2•FFl•EA(2) + 12 
FF4•FF4•EA(2) + DR 
DO 145 K•1,(HAHGS+1) 

F1 (K)•F1 (K) •CEA(K) 
F3(K)•F3(K) •CEA(K) 
F2(K)•F2(K) •CEA(K) 
F4 (K)•F4(K) •CEA(K) 

COHTIHUE 

+ F2(K)•XDA(K) 
+ Fl(K)•CDA(K) 
+12 
+DR 

150 COHTIHUE 
GO TO 200 

175 COHTIHUE 
T•FLOAT(I)+A(5) 
T•AMIH1(T,TI.(AX) 
T•AMAX1 (T, TI.(IH) 
Rl•Rl 
Rl•R3 
R3•RESP(T) 
DR-<>. 5• (R3-Rl) 
DO 180 K•2,HTAUS 

IPT•3•K 
F(IPT-2)•F(IPT-2)•EA(K)+F(IPT-1)•DA(K) 
F(IPT-1)•F(IPT-l)•EA(K)+I2 
F (IPT) •F (IPT) •EA (K) +DR 

180 COHTUIUE 

190 
200 
c 

FF1•FF1•EA(l) + DA(2)•FF2 
FFl•FFl•EA(l) + 12 
FF4•FF4•EA(l) + Dl 
DO 190 K•l. (HAHGS+1) 

Pl (K)•Fl (K) •CEA(K) + F2 (K)•XDA(K) 
F3(K)•F3(K)•CEA(K) + P2(K)•CDA(K) 
Pl(K)•Fl(K)•CEA(K) + 12 
P4(K)•F4(K)•CEA(K) + Dl 

COHTIHUE 
COHTIHUE 

XAHGS•FLOAT(KAHGS) 
YFIT(I)•O. 
DO 300 K•l,(HAHGS+1) 

SCAL£•1 . 0 
IF (K.EQ.1) SCALE-<>.6 
IF (K .EQ.(HAHGS+l)) SCALE-<> . 6 
YFIT(I)•YFIT(I)+A(6)•Fl(K)•SCALE 
DERIV(l)•DERIV(2)+DBLE(SCALE•A(6)•F3(K)) 
DERIV(3) •DERIV(3)+DBLE(SCALE•A(6) •Pl (K)) 
DERIV(5)•DERIV(5)+DBLE(SCALE•A(6)•F4(K)) 
DERIV (6) •DEliV(6) +DBLE(SCALE•F2 (K)) 

300 COHTIHUE 
c 

c 

DERIV(3) •DERIV(3) +DBLE(XAHGS•A(6) •A(7) •FFl) 
DERIV(6)•DERIV(5)+DBLE(XAHGS•A(6)•A(7)•FF4) 
DERIV(6)•DERIV(6)+DBLE(XAHGS•A(7)•FFl) 
DERIV(7)•DBLE(XAHGS•A(6)•FF2) 

YFIT(I)•YFIT (I)+ (XAHGS•A (6) •A(7) •FFl)+A(4) 
c 
C YFIT(I)•A(6)•(F(2)+(A(7)•F(6))+(A(8)•F(8)))+A(4) 
C IF (HTAUS .EQ . 1) THEH 
C DERIV(3)•DBLE(A(6)•F(1)) 
C ELSEIF (NTAUS.EQ .2) THEH 
C DEII.IV(2)=DBLE(A(6)•F(l)) 
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C DERIV(3)•DBLE(A(6)•A(7)•F(4)) 
C E~E 
C DERIV(l)•DBLE(A(6)•F(l)) 
C DERIV(l)•DBLE(A(6)•A(7)•P(4)) 
C DERIV(3)•DBLE(A(6)•A(B)•P(7)) 
C ENDIP 
C DERIV(S)•DBLE(A(6)•(P(3)+A(7)•F(6)+A(8)•P(9))) 
C DERIV(6)•DBLE(F(l)+A(7)•P(5)+A(B)•P(8)) 
C DERIV(7)•DBLE(A(6)•P(5)) 
C DERIV(8)•DBLE(A(6)•F(8)) 

c 
c 
c 

c 

MruM 
END 

SUBROUTINE LNLOTMP(NANGS,NTAUS,A,NPTS,Y,l,RSUM) 

C PUHCTION: 
C ESTIMATES THE INITIAL AJ.IPLITUDE POR THE 
C ANGLE--MODULATED DECAY ANALYSIS BASED ON THE 
C INITIAL ESTIMATES OF THE FIT PARAJ.I!TERS 
c 

c 

c 

c 

DIM!NSIOH A(l), Y(1), 1(1) 
DIM!NSIOH P(3) ,!A(3), TAU(3) ,SCRl (31) ,C!A(31) 

R!SP (T)•((l. +AINT(T) -T)•l(INT(T) )+(T-AIHT(T) )•R(INT(T)+1) )/RSUM 

PI•3 .14159 
XAHOS•FLOAT(NANGS) 

DO 10 1•1,3 
TAU(I)-o. 
!A(I)-o. 
P(l)-o. 

10 CONTINUE 
IP (HTAUS. !Q. 1) THEH 

TAU(l)•A(3) 
ELS!IF (HTAUS. !Q .2) TH!H 

TAU(1)•A(l) 
TAU(l)•A(3) 

!LS! 
TAU( 1)•A(1) 
TAU(l)•A(l) 
TAU(3)•A(3) 

END IF 
BL•A(4) 
SHIFT•A(6) 
FRACTl•A(7) 
FRACTl•A(B) 
DO 20 J•1,HTAUS 

!A(J) •!XP( -1 . /TAU(J)) 
20 COHTIHU! 

DO 40 K•1,(NANGS+1) 
SCRI(K)•O. 
IWIG•FLOAT(K-1) •PI/ (l•XANGS) 
COS2ANG• (COS (IWIG)) Ul 
CEA(K)•EXP( -1• (COS2ANG• ( 1/TAU( 1) )+ (1/TAU(l)))) 

40 COHTHIU! 
c 
c 

FSUM•O . 

c 

c 

91"'0. 
Sl•O . 
PFl•O. 
T[-{AX•1014 . 
TMIN•l. 

DO 100 l•l,NPTS 
PO•Y(I) - BL 
PSUJ.(•FSUIHFO 
T•FLOAT(I)+SHIPT 
T•AJHN1 (T, TMAX) 
T•AJ.IAX1(T,TMIN) 

81•91 + PO 
PFl•FFl•!A(l) + lESP(T) 
DO 60 K•1,(NANGS+1) 

SCR1(K)•SCR1(K)•C!A(K) + IESP(T) 
SCALE•l.O 
IF (K.EQ.1) SCALE-<>.& 
IF (K.EQ.(NANGS+l)) SCALE-<>.6 
Sl•Sl + SCALE•SC11(K) 

60 COHTIHU! 
c 

Sl•Sl + PRACT1•XAHGS•rP2 
c 
100 CONTINUE 

c 
c 
c 

c 

A(6)•S1/Sl 
uruRH 
EHD 

SUBROUTINE CUHEW(CUABORT,LOT!MP) 

C PUHCTIOH: 
C THIS ROUTINE IS THE HEART OP THE PITTING ROUTIH! 
C AND PERFORMS ALL THE CRITICAL CAL~ TO SUBROUTIH!B 
C TO HIVERT THE CURVAruM MATRIX AND EVALUATE THE 
C ANALYTICAL DERIVATIVES FOR THE PIT PARAJ.IETERS 
c 

DOUBLE PMCISIOH PCHHEW,ALPHA(8,8),ALPHA1(8,8),DERIV(8),DSCl 
DOUBLE PMCISION BETA(B),BETA1(8),SIGMAA(8) 
DOUBLE PMCISIOH ARRAY(8,8),DET,CHISQR,CHISQ1 
DIM!HSIOH Y(10l4) ,A(B), YPIT(1024) ,8(8) ,P(9) ,!A(3) ,DA(3), 

$ Fl(30) ,Pl(30) ,P3(30) ,P4(30) ,C!A(30) ,CDA(30) ,XDA(30) 
LOGICAL•2 CUABORT, LOTEMP 

CHARACTER•1 ANS,ESC,RSPAVO,BLLMT 
CHARACTER•3 ERASE 
CHARACTER•4 MVIDEO,BOLD,BLIHK 
CHARACTER•7 CLEAR 
CHARACTER•ll DATROOT,RSPROOT,PLTROOT 

CHARACTER•7l CFIELD 
COf.I!WH /DATA/ Y 
COI~ImH /DRY/ Rl, R2, R3, F, !A, DA 
COI~f.IOH /DRV2/ F1,F2, F3,P4 ,C!A,CDA,XDA,FF1,FFl,FP3 ,FF4 
COf.lf.IOH /FIT/ YFIT 
COMMON /FLAG/ IOVRFLO 
COI~MOH /FILES/ DATROOT ,RSPROOT ,PLTROOT 
COMI~ON /RES/ A,CHISQR,CHISQ1,1TERHO,HTERMS 
COf.lf.IOH /Rl/ R(1024), RSUM 
COl~!~ OM SIGIUA, ALPHA, BETA, FLAMDA 
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c 
c 
c 
c 

20 

c 

COr.lr.lOK 
$ 

COr.lr.lOH 

• • • 

/CHRDAT/ CPIELD,RSPAYG,BLLKT,ESC,CL!AR, 
REYIDEO,BOLD,BLIKK,ERASE 

/KUr.lDAT/ HPTS , ITOT,r.liHCH,KAXCH,HSTART,HTAUS,ISTART,ISTOP, 
ATAU1,ATAU2,ATAU3,PRAC21,PRAC31,IPIX1,BSLHE, 
NIHBL,KAXBL,SHIPT,AKPEST,CTD,XKAX,YKAX,IYNAXCH, 
HAHGS,IPOS(25) 

initlalizatlons 

WRITE(•,•) ' Entering CUHEW ' 
CUABORT•.PALSE . 
DERIY(4) • 1.000 
HPREE • KPTS - (!STOP - !START) - HSTART 
IP (ITERHO .GT . l) GO TO 40 
00 20 J•t.KTERKS 

B(J) • A(J) 
COHTIHUE 

GO TO 180 

C invert modified curvature matrix to find new parameter• 
c 
40 

60 
80 
90 

100 
c 

c 

c 
c 
c 
140 

00 80 J•ISTART+ 1, I STOP 
00 60 K •ISTART,J-1 

DSCR•(ALPHA(J,J)•ALPHA(K,K)) 
IF (DSCR. LT .O.ODO) THEK 

WRITE(•,•) ' DO 60 LOOP .SQRT OF KEG tt IK CUHEW' 
ELSEIP (DSCR .EQ . O.ODO) THEK 

WRITE(•,•) ' DO 60 LOOP . DIY BY IERO IK CUHEW' 
!.HDIP 
ARRAY(J,K)•ALPHA(J ,K)/DSQRT(DSCl) 
A.RR.AY(K, J)•A.RR.AY(J, K) 

COHTIHUE 
COHTIHUE 
COHTIHUE 

DO 100 J•ISTART, ISTOP 
ARRAY(J,J)• DBLE(l.+FUr.lDA) 
IF (ALPHA(J,J) .EQ .O. OOO) THEK 

WRITE(•,•) ' 00 100 LOOP .. DIY BY 0 IK CUHEI' 
EHDIF 
SIGIUA(J) •DSQRT (ARRAY(J, J)/ ALPHA(J, J)) 

COHTIHUE 
WRITE(•.•) 'Calling subroutine NATIHY .. • 

CALL NATIHY(ARRAY,ISTART,ISTOP,DET) 
WRITE(•,•) • Returned from subroutine MATIHY . . 
IF ((DABS(DET) . LT .1. OD-200) .OR. (DABS(DET) .OT .1. 00+200)) THEK 

WRITE(•.•) ' CAUTIOHI OVERFLOW ERROl IKMIH!.HT 
WRITE(•,•) ' DET• ',DET 
IOYRPLO • 1 

EKDIF 
CHISQ1 • CHISQR 
RETURH 

DO 160 J•ISTART,ISTOP 
B(J)•A(J) 
DO 155 K•ISTART,ISTOP 

DSCRa(Al.PHA(J, J) •ALPHA(K, K)) 
IP (DSCR .LT.O . ODO) THEH 

WRITE(•,•) ' DO 155 LOOP .. SQRT OP KEG tt 
ELSEIP (DSCR .EQ .O. ODO) THEH 

WRITE(•, •) ' DO 155 LOOP . . DIY BY 0 IH CUHEW' 
EHDIP 

IH CUHElf' 

B(J)•B(J)+SHGL(BETA(K)•(ARRAY(J,K)/DSQRT(DSCR))) 
155 COHTHIUE 
160 COHTIHUE 
c 
C EVALUATE ALPHA AHD BETA MATRICES 
c 
180 DO 200 J•ISTART,ISTOP 

BETAl(J)-o. 
00 190 K•ISTART, ISTOP 

ALPHAl(J,K)-o. 
190 COHTHIUE 
200 COHTIHUE 

c 

lOS 
210 
220 
c 
c 
c 
c 

00 220 L•HSTART,HPTS 
IP (LOTEr.IP) THEK 

CALL PDLOTKP(L,B,DERIY,HSTART) 
ELSE 

CALL FDKEW(L,B,DERIY,HSTAlT) 
EKDIP 

DO 210 J•ISTAlT,ISTOP 
BETA1(J)•BETA1(J)+DERIY(J)•DBLE((1./Y(L))•(Y(L)-YFIT(L))) 
DO 205 K•ISTART,J 

ALPHA! (J ,K)•ALPHA1 (J ,K)+DBLE(1./Y(L) )•DERIY(J)•D!liY(K) 
COHTIHUE 

COHTIHUE 
COHTIHUE 

WRITE(•,•) ' Evaluatin& new chi••l ' 

evaluate chi-aquare at new point 

240 CHISQR•FCHHEI(Y,YFIT,KFREE,HPTS,KSTART) 
IF (CHISQ1-CHISQR+0.0016) 260,280,280 

c 
C if chi-aquare increased, increaae fla.da and retry 
c 
260 FUr.lDA • (10 . )•FLAMDA 

WRITE(•,270) • Searching . .• . . . new chi', 
• CHAl(263) , ' • ', CHISQR 

270 FORMAT(3A,F12.3) 
271 COHTIHUE 

CALL IKKEY(ITEST,ISCAH,AHS) 
IP (ITEST.HE.O) THEH 

IP {AHS .EQ . CHAR(27)) TH!.H 
C clear type-ahead buffer 
265 CALL IHKEY(ITEST,ISCAK,AKS) 

c 

ELSE 

IP (ITEST.KE.O) GO TO 265 
CUABORT•.TRUE . 
GO TO 360 

GO TO 271 
!liD IF 

EKDIF 
GO TO 90 

C evaluate parameter• and uncertaintiea 
c 
280 COHTIHUE 
C WRITE(•,'(1X,1A,8(P8.2,1X))') 'A-> ',(A(J),J•l,B) 
C WRITE(•, '(1X,IA,8(P8 .2,1X)) ') ' B-> ' , (B(J) ,J•1,8) 
C WRITE(•. '(1X,1A,8(P8.l,1X)) ') ' BETA-> ', (BETA(J) ,J•1 ,8) 
C WRITE(•,'(1X,1A,8(F8.2,1X))') ' BETA!-> ' , (BETA1(J),J•1 ,8) 
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DO 310 J•ISTART,ISTOP 
A(J}=B(J) 
BETA(J}•BETAl (J) 

DO 300 K•ISTART,J 
ALPHA(J,K)•ALPHAl(J,K) 

300 CONTINUE 
IF (ALPHA(J, J) . EQ . 0.) ALPHA( J, J) • 1. 

310 CONTINUE 
DO 350 I•ISTART,3 

IF (A(I).LE.O.) A(I) • 1. 
350 COHTIHUE 

FLAMDAaO.Ol•FLAMDA 
FLAMDA•AI«Xl(O.OOl,PLAMDA) 

360 CONTINUE 
C WRITE(•.•) ' Exiting CUHEI ' 

c 
c 
c 
c 
c 

RETURH 
EHD 

DOUBLE PRECISION FUNCTION FCHNEI(Y,YFIT,HPREE,HPTS,H) 
DOUBLE PRECISIOH X 
DIMEHSIOH Y(l),YFIT(l) 
x-o. 
DO 100 I•H,HPTS 

X•X+(DBLE(Y(I)-YPIT(I)))••2/DBLE(ABS(Y(I))) 
100 CONTINUE 

c 
c 
c 

c 

FCHNEW•X/DBLE(NPREE) 
RETURH 
EHD 

SUBROUTINE FDNEI(I,A,DERIV,H) 

C FUHCTIOH: 
C CALCULATES THE ANALYTICAL DERIVATIVES POl EACH OF 
C THE PIT PARAMETERS FOR THE SINGLE, DOUBLE, OR TUPLE 
C EXPotiENTIAL DECAY ANALYSES 
c 

c 

DOUBLE PRECISION DERIV(l) 
DIMENSION A(l),TAU(3},EA(3),DA(3),F(9) 

CHARACTER•! ESC,RSPAVG,BLLHT 
CHARACTER•3 ERASE 
CHARACTER•4 REVIDEO,BOLD,BLIHK 
CHARACTER•7 CLEAR 
CHARACTER•72 CFIELD 
CO~~OH /Rl/ R(1024),RSlm 
CO~~OH /FIT/ YPIT(1024) 
CO!~~OH /DRV/ Rl, R2, R3 ,F, EA. DA 
CO~I~OH /CHRDAT/ CFIELD,RSPAVG,BLLMT, ESC, CLEAR, 
$ REVIDEO,BOLD,BLIHK,ERASE 

COMMON /HlmDAT/ HPTS,ITOT.~IHCH,I«XCH,NSTART,HTAUS,ISTART,ISTUP, 
$ ATAU1,ATAU2,ATAU3,FRAC21,FRAC31,IFIX1,BSLHE, 
$ ~IHBL,I«XBL,SHIFT,~EST,CTD,XI«X,YKAX,IYNAXCH, 
$ NAI'IGS, IPOS (25) 
CO~~OH /FLAG/ IOVRFLO 
RESP (X}• ( ( 1. +AHIT(X) -X) •R(IHT(X)} + (X-AIHT(X)} •R(IHT(X} +1)) /RSlm 

TIHH•l. 
Tt«X•1022. 
IF ((BLL~T.EQ.'Y') . OR.(BLLHT.EQ.'y')) THEH 

A(4)•AKAX1(FLOAT(KIHBL),A(4)) 
A(4)·~1Hl(FLOAT(NAXBL),A(4)) 

EHDIF 
5 CONTINUE 

IF (I -H) 10,10,175 
10 CONTIHUE 

DO 50 J•1,3 
TAU(J)-o. 
EA(J)-o. 
DA(J)•O. 

50 COHTIHUE 
DO 60 J•1,9 

F(J)-o. 
60 CONTINUE 
c 

c 

IF (HTAUS .EQ .1) THEH 
DERIV(l) -o. 000 
DERIV(2)-<>.0DO 
TAU(1)•A(3) 

ELSEIF (HTAUS.EQ.2) THEit 
DERIV(t)-o.ODO 
TAU(l)•A(2) 
TAU(2)•A(3) 

ELSE 
TAU(l)•A(l) 
TAU(2)•A(2) 
TAU(3)•A(3) 

END IF 

DO 120 J•l,HTAUS 
EA(J)•EXP(-1./TAU(J)) 
DA(J)•( ( 1./TAU(J)) .. l)•EA(J) 

120 CONTINUE 
c 

TO•A(5) 
TO·A~IH1(TO,TKAX) 
TO•AKAX1(TO,TNIH) 
u-o. 
R2-o. 
RJ•RESP(TO) 
DO 150 J•1, N 

T•FLOAT(J)+A(5) 
T•ANAXl (T, TNIH) 
T•ANIHl (T, T~AX) 
Rl•Rl 
R2,.R3 
RJ•RESP(T) 
DR-<> . 5• (RJ-Rl) 
DO 140 K•l,HTAUS 

IPT•3•K 
F (IPT-l)•F( IPT-2) •EA(K)+F(IPT-1) •DA(K) 
F (IPT-1 )•F (IPT-1) •EA(K)+R2 
F (IPT)•F(IPT) •EA(K)+DR 

140 CONTINUE 
150 CotiTIHUE 

GO TO 200 
175 CONTINUE 

f;fLOAT(I)+A(5) 
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T•AMIN1(T,TI(U) 
T•AMU1 (T, TI(IN) 
Rl•R:Z 
Rl•RJ 
IJ•RESP(T) 
DR-<>.5•(R3-Rl) 
DO 180 K•1,NTAUS 

IPT•J•K 
F(IPT-:Z)•F(IPT-:Z)•EA(K)+F(IPT-1)•DA(K) 
F(IPT-1)•P(IPT- 1)•EA(K)+Rl 
F (IPT)•P (IPT) •EA(K) +DR 

180 COHTIHUE 
:ZOO COHTIHUE 

c 
c 
c 

c 

YFIT(I)•A(6)•(P(:Z)+(A(7)•P(5))+(A(8)•P(8)))+A(() 
IF (HTAUS .EQ . 1) THEN 

DERIV(3)•DBLE(A(6)•P(1)) 
ELSEIP (HTAUS . EQ. :Z) THEH 

DERIV(:Z)•DBLE(A(6)•P(1)) 
DERIV(3)•DBLE(A(6)•A(7)•F(4)) 

ELSE 
DERIV(1)•DBLE(A(6)•P(1)) 
DERIV(:Z)•DBLE(A(6)•A(7)•F(4)) 
DERIV(3)•DBL!(A(6)•A(8)•P(7)) 

!HDIP 
DERIV(5)•DBL!(A(6)•(P(3)+A(7)•F(6)+A(8)•F(9))) 
DERIV(6)•DBLE(P(:Z)+A(7)•P(6)+A(8)•P(8)) 
D!RIV(7) •DBLE(A(6) •F (5)) 
DERIV(8)•DBLE(A(6)•P(8)) 
1\!TURH 
!HD 

SUBROUTINE LKKEW(KTAUS,A,NPTS,Y,R,RSUM) 

C FUHCTIOK: 
C CALCULATES AH !STII(AT! FOR THE IKITIAL AMPLITUDE 
C BASED OK THE IKITIAL PARAMETER ESTIMATES IK THE A ARRAY 
c 
c 

c 

c 

Dlf.IEKSIOK A(1),Y(1),R(1) . 
DIMENSIOK F(3),!A(3),TAU(3) 

1\!SP (T)•((1. +AIKT(T) -T) •R(IKT(T) )+ (T-AIKT(T)) •R(IKT(T)+1) )/RSUM 

DO 10 1•1,3 
TAU(I)-o . 
EA(I)-o. 
F(l)-o. 

10 CONTINUE 
IF (NTAUS .EQ . 1) THEK 

TAU(1)•A(3) 
!LSEIP (HTAUS .!Q .:Z) THEH 

TAU(l)•A(:Z) 
TAU(:Z)•A(3) 

ELSE 
TAU(1)•A(1) 
TAU(2)•A(:Z) 
TAU(3)•A(3) 

EHDIP 
BLzA(4) 

SHIPT•A(5) 
PRACTl•A (7) 
FRACTl•A(8) 
DO :ZO J•l,NTAUS 

EA(J)•EXP( -1./TAU(J)) 
:ZO CONTINUE 

c 

FSUI(-Q. 
81-o. 
TKAX•1014 . 
TI(IN•l. 

DO 100 1•1, NPTS 
FO•Y(I)-BL 
FSUI(•PSUI(+FO 
T•PLOAT(I)+SHIFT 
T•AMIN1(T,ntU) 
T•AMU1 (T ,ntiN) 
DO 80 J•1,NTAUS 

F (J)•P(J) •EA(J)+Il.SP (T) 
80 CONTINUE 

81•5 1 +P ( 1) +F (:Z) •FIACT1 +F (3) •FIACTl 
100 CONTINUE 

c 
c 
c 

c 

A(6) •PSUio(/51 
RETUIUf 
END 

SUBROUTINE KATIKV (AlRAY,ISTAlT,ISTOP,DET) 

C SUBROUTINE MATIHV FROM 
C P.R. B!VINOTOK'S 
C "DATA REDUCTION AHD ERROR ANALYSIS FOR THE 
C PHYSICAL SCIENCES",MCGRAW-HILL,1969,PP301-303. 
c 
C FUHCTION: 
C MA TUX IKVERSIOK SUBROUTINE 
c 

DOUBLE PRECISIOK ARRAY,AMU,SAVI,DET 
Dlf.IENSIOK ARRAY(8,8) ,IK(8) ,JK(8) 

C WRIT!(•,•) 'ISTART• ',ISTART,' ISTOP• ',ISTOP 
100 D!T • 1.000 
110 DO 1000 K•ISTART,ISTOP 
c 
C FIND LARGEST EL!K!KT ARRAY(I,J) IK REST OF MATRIX 
c 

AMAX-<>.ODO 
210 DO 305 I•K,ISTOP 

230 
240 

300 
305 
c 

DO 300 J•K, ISTOP 
IP (DABS(AMAX)-DABS(AIUlAY(I, J))) 
AMAX•ARR.AY(I, J) 

IK(K)•I 
JK(K)•J 

CONTUIUE 
CONTINUE 

:Z40,:Z(0,300 

c IHT!RCHAHG! ROWS AND COLS TO PUT AI(AX IH ARRAY(K,K) 
c 
310 IP (AI(U) 410,320,410 
320 D!T • 0 .000 

GO TO 1400 
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410 I•IK(K) 
IF (I-K) 210,510,430 

430 DO 500 J•ISTART,ISTOP 
SAVE,.ARRAY(K, J) 
ARRAY(K, J)•ARRAY(I, J) 

ARRAY(I,J)•-SAVE 
600 CONTHIUE 
610 J•JK(K) 

IF (J-K) 210,610,530 
630 DO 600 I•ISTART,ISTOP 

600 
c 
c 
c 
610 

630 
700 
710 

740 
750 
760 
800 
805 
810 

SAVE•ARRAY(I,K) 
ARRAY (I, K)•ARRAY(I, J) 
ARRAY(I,J)•-SAVE 

CONTINUE 

ACCUKUUTE !LEr.IEHTS OF INVERSE MATRIX 

DO 700 I•ISTART,ISTOP 
IF (I-K) 630,700,630 

ARRAY(I,K)•-ARRAY(I,K)/AMAX 
COHTIHUE 
DO 805 I•ISTART,ISTOP 

DO 800 J•ISTART,ISTOP 
IF (1-K) 740,760,740 

IF (J-K) 750,760,750 
ARRAY (I, J)•ARRAY(I, J)+AJUtAY(I,K) •ARRAY(K, J) 
CONTINUE 

COHTIHUE 
COHTIHUE 
DO 900 J•ISTART,ISTOP 

IF (J-K) 830,900,830 
830 ARRAY(K,J)•ARRAY(K,J)/AMAX 
900 CONTI HUE 

ARRAY(K,K)•1./AMAX 

1000 
c 
c 
c 
1010 

1050 

1100 
1110 

1130 

DET•DET • AMAX ' 
CONTINUE 

RESTOR! ORDERING OF MATRIX 

DO 1300 L•ISTART,ISTOP 
K•ISTOP - L + 1 
J•IK(K) 
IF (J-K) 1110,1110,1050 

DO 1100 I•ISTART, ISTOP 
SAVE•ARRAY(I,K) 
ARRAY( I ,K)•-ARRAY(I, J) 
ARRAY(I,J)•SAYE 
CONTINUE 
I•JK(K) 

IF (1-K) 1300,1300,1130 
DO 1200 J•ISTART,ISTOP 
SAYE•ARRAY(K, J) 
ARRAY(K, J)•-ARRAY(I, J) 
ARRAY (I, J)•SAYE 

1200 CONTHIUE 
1300 CONTINUE 
1400 RETURH 

c 
c 
c 

EHD 

SUBROUTINE PRNEW(A,CHISQR,CHISQ1,1TERHO, 
$ FILE,RSPFIL,IKEEP,LOTEKP) 

c 
C FUHCTION: 
C PRINTS THE CURRENT ITERATIOK FIT RESULTS 
c 

c 
c 

c 

c 

c 

Dlr.IENSIOK A(1) 
DOUBLE PRECISIOK CHI,CHISQR,CHISQ1 
LOGICAL•2 FINSHD,LOT!KP 
CHARACTER•1 QFILE(35),QRSPFIL(36),RSPAVO,BLLMT,!SC 
CHARACTER•3 ERASE 
CHARACTER•4 REVIDEO,BOLD,BLIKK 
CHARACTER•6 XXX 
CHARACTER•7 CLEAR 

CHARACTER•12 FIL!,RSPFIL 
CHARACTER•72 CFIELD 
COI~MON /CHRDAT/ CFI!LD,RSPAVO,BLLMT,!SC,CLEAR, 
$ REVIDEO,BOLD,BLIKK,ERASE 

COMMOK /HUr.IDAT/ HPTS,ITOT,MIHCH,MAXCH,KSTART,KTAUS,ISTART,ISTOP, 
$ ATAU1,ATAU2,ATAU3,FRAC21,FRAC31,1FIX1,BSLKE, 
$ MIHBL,MAXBL,SHIFT,AKPEST,CTD,XMAX,YNAX,IYMAXCH, 
$ KAHGS,IPOS(25) 

FIHSHD-. FALSE. 
CHI•CHISQ1-CHISQR 
COH•CTD/1000. 
IF (KTAUS.EQ.1) TH!K 

XXX• 'Single' 
ELS!IF (NTAUS.EQ.2) TH!K 

XXX•'Double' 
ELSE 

XXX•'Triple' 
EHDIF 

WRITE(•, •) ' ' 
IF ( ITERHO. !Q. 1) THEK 

WRITE(•.•) 'Initial parameter•: ' 
!LSEIF (DABS(CHI).LE.0.0016DO) TREK 

WRITE(•,•) 'Final par .. eter•: ' 
WRITE(•, •) ' ' 
WRITE(•,'(3X,1A,I4,1A,I3)') 'Con1idered ',HPTS, 

$ ' point., Uttina fro• channel ',KSTAlT 
WRITE(•,'(3X,1A72)') CFIELD 
WRITE(•, •) ' ' 

END IF 
IF (IKUP .!Q .1) THEN 

C write to log file if lave fla& i1 

c 

FHISHO•. TRUE. 
IF (DABS(CHI).LE.0.0015DO) TREK 

WRITE(6,•) 'FINAL parameter•: ' 
WRITE(6,'(3X,1A,I4,1A,I3)') 'Considered ',KPTS, 

$ ' points, fitting from channel ',KSTART 
WRITE(6,'(3X,1A72)') CFIELD 

ELSE 
WRITE(6,•) 'Saved parameters: ' 
WRITE(6,'(3X,1A,I4,1A,I3)') 'Considered ',HPTS, 
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$ 'points, fittins fro• channel ',HSTART 
WRITE(6,'(3X,1A7l)') CFIELD 

EHDIF 
EHDIF 
IF (LOTEMP) THEH 

WRITE(•,l10) XXX,FILE,RSPFIL 
210 FOR~T(1X,1A6,'-exponential decay for ',1A12,'/',1A12) 

WRITE(•,l11) '•••• Angle aodulated decay analysis ••••' 
211 FORMAT(8X,lA) 

ELSE 
WRITE(•,21l) XXX,FILE,RSPFIL 

212 FORMAT(1X,lA6, '-exponential decay analyda for ',tAll,'/' ,tAll) 

c 

c 

EHDIF 

IF (FIHSHD) THEH 
IF (LOTEMP) THEH 

WRITE(6,210) XXX,FILE,RSPFIL 
WRITE(6,211) ••••• Angle aodulated decay analysia ••••• 

ELSE 
WRITE(6, lll) XXX,FILE,RSPFIL 

EHDIF 
EHDIF 

IF ( HTAUS . EQ . 1) THEH 
IF ( (BLIJ(T. EQ. 'y ').OR. (BLIJ(T .EQ. 'Y')) THEH 
WRITE(•,llS) 'Tau','BL:',MIHBL,',',MAXBL, 

$ 'Shift',' Aap' 
IF (PIHSHD) WRITE(6,l1S) 'Tau','BL:',MIHBL, 

$ ', ',MAXBL, 'Shift',' Aap' 
215 PORMAT(SX,1A,7X,1A,I3,1A1,I3,7X,1A,10X,1A) 

ELSE 
WRITE ( • , llO) 
IF (FIHSHD) WRIT£(6,220) 

llO FORMAT(5X,' Tau',8X, 'Basel1ne',8X,'Shift' ,lOX,' Amp') 
EHDIF 
WRITE(•,l30) A(3),(A(I),I-4,6) . 
IF (FIHSIID) WRITE(6,l30) A(J).(A(I),I-4,6) 

230 FORMAT(2X,F8.l,7X,F8.2,6X,F8.2,6X,F8.1) 
WRITE(•,235) A(3)•COH 
IF (FIHSHD) WRITE(6,l35) A(3)•COH 

235 FORMAT(1X,F9.3) 
ELSEIF (HTAUS .EQ .l) THEH 

IF ((BLLMT.EQ.'y') .OR.(BLLMT.EQ.'Y')) THEH 
IF (LOTEMP) THEH 

WRITE(• ,236) 'Tau1', 'Taul', 'Anglea', 'BL: ',IHHBL, ', ', 
$ MAXBL,'Shift',' Aap','Fract l/1' 

IF (FIHSHD) WRITE(6,l36) 'Taul', 'Taul', 'qles', 'BL: ', 
$ MIHBL, ',' ,MAXBL, 'Shift',' Amp', 'Fract 2/1' 

236 FORMAT(SX,1A,6X,1A,SX,1A,3X,1A,I3,1A1,I3, 
$ 4X,1A,6X,1A,4X,lA) 

ELSE 
WRITE(•,l38) 'Tau1','Tau2','BL:',MIHBL,',', 

$ MA.XBL, 'Shift',' Aap', 'Fract 2/1' 
IF (FIHSHD) WRITE(6,l38) 'Tau1','Taul','BL:', 

$ MIHBL, ', ' , MAXBL, 'Shift',' Aap', 'Fract 2/1' 
238 FORMAT(5X,lA, 6X,1A,5X,lA, I3 ,tAl, 13, 4X,1A, 6X,1A, 4X,1A) 

!tiD IF 
ELSE 
IF (LOTEMP) THEH 

l39 

• 
240 

• 

245 • 

WRIT£(•,239) 
IF (FIHSHD) WRITE(6,l39) 
FORMAT(5X,'Tau1',6X,'Tau2',5X,'Angles',3X,'Baseline',5X, 

'Shift',6X,'Amp',4X,'Frac l/1') 
ELSE 

WRIT£(•,240) 
IF (FIHSHD) WRIT!(6,l40) 

FORMAT(SX,'Tau1',6X,'Tau2',6X,'Baaeline',5X,'Shift' 
6X, • Aap' ,U, 'Pract l/1') 

EHDIF 
EHDIP 
IF (LOTEMP) THEH 
WRITE(•,l45) A(2),A(3),HAHGS,(A(I),I-4,T) 
IF (FIHSHD) WRITE(6,l45) A(l),A(3),HAHGS,(A(I),I-4,7) 

FORMAT(lX,F8.l,lX,F8.2,6X,I2,5X,F8.2,2X, 
P8.2,lX,F8.1,2X,P8.3) 

ELSE 
WRITE(•,250) A(l),A(3),(A(I),I-4,7) 
IF (FHISHD) WRIT!(&, 250) A(l) ,A(3), (A (I), I-4, 7) 

250 FORMAT(2X,P8.2,2X,P8.2,5X,F8.2,3X,F8.2,2X,P8.1,2X,P8.3) 
EHDIF 
WRITE(•,l55) A(l)•COH,A(3)•COH 
IF (FIHSHD) WRITE(6,255) A(2)•COH,A(3)•COH 

255 FORMAT(1X,l(F9.3,1X)) 
ELSE 

IF ( (BLIJ(T .EQ. 'y') .OR. (BLIJ(T .EQ. 'Y')) THEif 
WRITE ( • , l60) 'Taut ' , 'Taul' , 'Tau3' , 'BL: ' , MIHBL, ' , ' , 

$ MAXBL, 'Shift', 'Amp', 'Prac 2/1', 'Frac 3/1' 
IF (FIHSHD) WRITE(6,260) 'Taul', 'Tau2', 'Tau3', 'BL: ', 

$ MIHBL, ', ',MAXBL,'Shift','Amp', 
$ 'Frac 2/l','Prac 3/1' 

260 PORMAT(4X,1A,5X,1A,5X,lA,2X,1A,I3,1A1,13, 

266 

$ 2X,1A,6X,1A,2X, U,lX,lA) 

• 

ELSE 
WRITE(•,26S) 
IF (FIHSHD) WIITE(6,265) 

FORMAT(4X,'Tau1',5X,'Tau2',5X,'Tau3',3X,'Baaeline',3X, 
'Shift',6X,'Aap',2X,'Frac 2/l',lX,'Prac 3/1') 

EHDIF 
WRITE(•,270) A(l),A(2),A(3),(A(I),I•4,8) 
IF (FIHSHD) WRITE(6,270) A(l),A(2),A(3),(A(I),I•4,8) 

270 PORMAT(lX,P8.2,1X,P8.2,1X,F8.2,2X,F8.2,lX,F6 . 2,2X, 
$ F8.1,1X,P8.3,1X,P8.3) 

WRITE(•,275) A(1)•COH,A(2)•COH,A(3)•COH 
IF (FIHSHD) WRITE(6,275) A(1)•COH,A(2)•COH,A(3)•COH 

275 PORMAT(3(F9.3,1X)) 
EHDIF 

WRITE(•,280) 'Chi',CHAI(253),' • ',CHISQl 
280 FOR~T(3A,F11.5) 

IF (FIHSHD) WRITE(6,290) 'Chi-aquared • ',CHISQI 
290 FOm{AT(1A,F11.5) 

WRITE(•,•) ' ' 
IF (FIHSHD) WRIT!.(6,•) ' ' 

1000 COHTIHUE 

c 
c 
c 

~ruM 
EHD 

SUBROUTINE PLTDAT(IDRAW,ISAVE,Y,YFIT,TBASE,HSTART,HPTS,COMMHT) 
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c 
C FUHCTIOII: 
C PLOTS RAW DATA FOR IIISPECTIOII AIID IIIPUT OF BTARTIIIG 
C CHAHIIEL FOR THE FIT, OR PLOTS THE DATA AND THE FIT 
c 
C IDRA.W-o NEAHS PLOT DATA WITH KOVIIIG CURSOl, lETURII CURSOR 
C POSITIOII Ill !SAVE 
C IDRA.W•l NEAHS PLOT DATA WITH FIT 
c 

c 

c . 

CHARACTER•! AHS 
CHARACTER•60 COKKIIT 
DINE~ISIOII Y(10:.t4), YFIT(l0:-14) ,llESID(1024) 
EXTERIIAL AXES,DISP,LIIIE,IIIKEY 

ISAVE-o 

YNAX•Y(l) 
YIHII•Y(1) 
DO 210 J•2,11PTB 

IF (Y(J) .GT . YNAX) THEil 
YNAX•Y(J) 

!LSEIF (Y(J).LT.YKIII) THEil 
YIHII•Y(J) 

EIIDIF 
210 COIITIIIUE 
216 COIITIIIUE 

XORG•10 
YORG•25 
YSCLE•173 
XSCLE-618 
IFUG•1 
WRITE(•, '(1X,A1,A4) ') CHAR(27),' [-6h' 
CALL AXES(IFUG,IIIIIT(XSCLE+XORG),IIIIIT(YORO),IIIIIT(XORG),IIIIIT(YORG)) 
CALL AXES(IFUG,IIIIIT(XORG),IIIIIT(YORG),IIIIIT(XORG),IIIIIT(YSCLE+YORG)) 
XDIV•XSCLE/10. 
DO 220 1-o,10 

XPOS•XORG+(FLOAT(I)•XDIV) 
CALL AXES(IFUG,IIIIIT(XPOS),IIIIIT(YORG),HIIIT(XPOS),IIIIIT(YORG-6)) 

220 COIITIIIUE 
XKIII•O. 
XKAX•TBASE•FLOAT(IIPTS)/1000. 
DO 230 I-o,4 

IXPOS•2+ (15• I) 
XVAL•(XMAX/5.)•FLOAT(I) 
IF (IXPOS. LT .10) TI!Eif 

WRITE(•,225) CHAR(:.t7),'[24;',IXPOS,'f',XVAL 
226 FOR~T(lX,A1,1A,I1,A1,F5.2\) 

ELSE 
WRITE(• ,226) CHAR(27), '[24; ', IXPOS, 'f' ,XVAL 

226 FORKAT(lX,A1,1A,I2,Al,F5 .2\) 
EIIDIF 

230 COIITIIIUE 

c 
WRITE(•, '(1X,A1,1A\)') CHAR(27),'[24;75fnsec• 

YIUIGE•Y!-UX-YKIII 
XRIIGEaXMAX-XMIII 
IFUG•1 
DO :.140 I•l,IIPTS 

XVAL~TBASE•FLOAT(I - 1)/1000 . 
IYPLT•IIIIIT( (ABS( (Y( I) -YIWI}/YRNGE} • (YSCLE-2} }+YORG} 
IXPLT=NIIIT( (ABS( (XVAL-XJHN}/XRIIGE} • (XSCLE-2} }+XORG} 

CALL DISP(IFUG,IXPLT,IYPLT) 
240 COIITHIUE 

IF (IDRAW.GT.O) THEil 
C plot the fit 

XVAL•TBASE•FLOAT(IISTART)/1000 . 
XPREV•(ABS((XVAL-XMIII)/XRIIGE)•(XSCLE-2))+XOIG 
YPREV•(ABS((YFIT(IISTART)-YNIII)/YRHGE)•(YSCLE-2))+Y01G 
IFUG•1 
DO 250 1•1,(11PTS-IISTART) 

XVAL•TBASE•FLOAT(IISTART+I)/1000. 
XPLT•(ABS((XVAL-XMIII)/XRIIGE)•(XSCLE-2))+XORO 
YPLT•(ABS((YFIT(IISTART+I)-YNIII)/YRIIGE)•(YSCLE-2))+YORO 

CALL LIIIE(IFUG,XPREV, YPREV,XPLT, YPLT) 
XPREV•XPLT 
YPREV•YPLT 

250 COIITIIIUE 
C calculate residuals 

ISDKAX-o 
SUK•O 
DO 252 I•IISTART,IIPTS 

llESID(I)•Y(I) -YFIT(I) 
SUK•SUK + (llESID (I) •RESID(I) /Y(I)) 
RESID(I) •RESID(I) •SQRT(l/Y( I)) 
llSDMAX•AKAXl(llSDKAX,ABS(lESID(I))) 

252 COIITIIIUE 
ISDKAX•RSDMAX + (0 .06•RSDKAX) 

EIIDIF 
XOLD•1 
Xl'IEW•1 
IYST•IIIIIT(YORG+1) 
IYEIID•IIIIIT(YSCLE+YORG) 
WRITE(•, '(1X,A1,1A,lA\) ') CHA.l(l7). • [25; 2f' ,COKKIIT 
WRITE(•,•(tX,Al,lA\)') CHAR(27),'[26;65fQ to quit' 

256 COIITIIIUE 
CALL IIIKEY(IFLAG,ISCAII,AIIS) 
IF (IFLAG.EQ.O) GO TO 255 
WRITE(•.'(1X,1A,1A,62(1X)\)') CHA1(27),'[26;lf' 
GO TO 262 

:160 COIITIIIUE 
CALL IIIKEY(IFLAG,ISCAII,AIIS) 
IF (IFLAG .EQ.O) GO TO 260 

:162 COIITIIIUE 
IF (!DRAW .EQ .1) THEil 

IF (ISCAII.EQ . 16) THEil 
C time to quit 

GO TO :180 
ELSEIF (ISCAII.EQ.32) THEil 

C a •o• was entered, plot data 
GO TO 215 

ELSEIF (ISCAII.EQ.19) THEil 
C an •a• was entered, plot re1idual1 

c 

c 

XORG•40 
YORG•lOO 
YSCLE•90 
XSCLE•598 

WRITE(•, '(1X,A1,A4\) ') CHAl(:Z7), '[•6h' 
PMAX~RSDMAX 

print max and min 
WRITE(•, '(2A,F3. 1\) ') CHAR(:Z7) , '[2; 1f' ,PMAX 
PMAX=Pr.IAX• ( -1) 
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WRITE.( •, '(2A, F4 . 1 \) ') CH.AR(27) , '[24; 1f', PMAX 
CHISQR• SUW/(HPTS-HSTART-6) 

C print chisqr . 
WRITE.(•, ' (2A,F8 . 4\)') CH.AR(27) , '[25;20f',CHISQR 
IFLAG•1 
CALL LINE (IF LAG, XSCLE., YORG, XORO, YORO) 
YlST•YORG-90 
Y2ND•YORG+90 
CALL LIHE(IFLAG,XORG,Y1ST,XORG, Y2ND) 
MAXJ•NPTS-tiSTART+1 
DO 550 I•NSTART,(NPTS-1) 

REALI•FLOAT (1-NSTART) 
XPLOT•((REALI/FLOAT(MAXJ))•(XSCLE-XOR0-5))+(XORG+5) 

YPLOT•((RESID(I)/RSDMAX)•YSCL!)+YORG 
CALL LINE(IFLAG, XPLOT, YORG, XPLOT, YPLOT) 

550 CONTINUE 
GO TO 260 

ELSE 
C unrecognized key waa entered 

GO TO 260 
END IF 

ELSE 
C moving curaor aode 

IF (ISCAH.EQ.77) THEN 
IF (XOLD . LT . NPTS) THEN 
XHEW•XOLD+1 
ELSE 
XHEW•1 
END IF 

ELSEIF (ISCAH.EQ .76) THEH 
IF (XOLD .GT.1) THEN 
XHEW•XOLD-1 
ELSE 
xtiEW•KPTS 
END IF 

ELSEIF (ISCAK.EQ . 116) THEN 
IF (XOLD.LT. (KPTS-16)) THEH 
XHEV•XOLD+15 
ELSE 
xt1EV•(XOLD+15) -KPTS 
END IF 

ELSEIF (ISCAH.EQ . 115) THEH 
IF (XOLD. GT . 15) THEN 
XHEW•XOLD- 15 
ELSE 
xtiEV•(XOLD-15)+KPTS 
END IF 

ELSEIP (ISCAH.EQ.57) TREK 
ISAVE•NINT(XOLD) 
WRITE(•, 265) CHAR(27). '[25;5fSTART•', ISAYE,' 

265 FORMAT(1X,A1,1A,I6,1A\) 
ELSEIF (ISCAH . EQ . 16) THEN · 

GO TO 280 
ELSE 

GO TO 260 
EHDIF 

C erase cursor at old location and 
C redraw point at old cursor location 

XV AL= ( XOLD -1) • TBASE/ 1000. 
IXPLOT=NitiT( (ADS ( (XVAL-XJHN) /XRtiGE) • (XSCLE-2)) +XORG) 
IYPLOT• NINT( (ADS ( (Y(HIT(XOLD)) -Y!HN)/YRHGE) • (YSCLE -2)) +YORG) 

IPLAG•O 
CALL AXES (IFLAG, IXPLOT, IYST, IXPLOT, IYEKD) 
IPLAG•l 
CALL DISP(IFLAG,IXPLOT,IYPLOT) 

C draw cursor at new location 

c 

XVAL•(xtiEW -1) •TBAS!/1000. 
IXPLOT•HIHT((ABS((XVAL-XMIK)/XRHGE)•(XSCLE- l))+XORG) 
CALL AXES (IF LAG, IXPLOT, IYST, IXPLOT, lYE tiD) 

WRITE.(•, 270) CH.AR(27). '[26 ;29Ump- ' , Y(IKT(XHEW)), 
$ 'Channel• ',IKT(XKEV) 

270 FORMAT(1X,A1,1A,P6.0,2X , 1A,I5\) 
XOLD•XHEV 
GO TO 260 

END IF 
c 
280 CONTINUE 

c 
c 
c 

c 

WRITE.(•, '(1X,Al ,A4) ') CHAil(27), '[•2h' 
RETIJRH 
END 

SUBROUTINE LINE(IPLAG,X1ST,Y1ST,XlKD,Y2KD) 

C PUHCTIOK: 
C DRAWS A LIKE PROM X1,Y1 TO Xl,Y2 
C IF IPLAG-o, ERASE MODE 
C IFLAG•1, DRAW MODE 
c 

c 

EXTERNAL DI SP 
X1•X1ST 
Yl•YlST 
Xl•X2HD 
Y2•Y2ND 

IF (Y1.GT.Y2) THEN 
INCY•-1 

ELSE 
IKCY•1 

EKDIF 
IF (X1 . GT .Xl) THEN 

INCX•-1 
ELSE 

INCX•1 
!KDIP 
XDIF•ABS(Xl-X1) 
YOIF•ABS(Y2- Y1) 
IF (XDIP .EQ.O) TREK 

IX1•NINT(X1) 
IYl•NIHT (Yl) 
DO 100 1•1,HIKT(ABS(Y2-Yl)+l) 

CALL DISP(IFLAG, IX1,IY1) 
IYl•IYl+INCY 

100 CONTINUE 
GO TO 500 

ELSEIP (YDIP .EQ.O) TREK 
IX1•NHIT(X1) 
IYl .. NINT(Yl) 
DO 200 la1,HIHT(ABS(X2-X1)+1) 

CALL DISP(IPLAG,IX1,IY1) 
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IX1•IX1+1HCX 
lOO COHTIHUE 

GO TO 500 
ELSE 

SLOPE•(Yl-Y1)/(Xl-X1) 
YIHT•Yl-(SLOPE•Xl) 

IF (ABS(Yl-Yl) .GT .ABS(Xl-Xt)) THEN 
DO 300 1•1,HIHT(ABS(Yl- Y1)+1) 

IY1•HIHT(Y1) 
IX1• HIHT((Y1-YIHT)/SLOPE) 

CALL DISP(IFLAG,IX1,1Y1) 
Yl•Yl+FLOAT(IHCY) 

300 COHTIHUE 
ELSE 

DO 400 1•1,HIHT(ABS(Xl-X1)+1) 
IY1•HIHT(SLOPE•X1+YIHT) 
IX1•HIHT(X1) 
CALL DISP(IPLAG,IX1,IY1) 
X1•X1+FLOAT(IHCX) 

400 COHTIHUE 
EHDIP 

EHDIF 
600 COHTIKUE 

c 
c 
c 

llETURH 
EHD 

SUBROUTINE CHREDT(QTITLE,IMAX,IEHD) 
C This aubroutine requires paaaage of a character array . 
C It aaaumea the curaor has been positioned in the 
C proper location. It will then print the string l return 
C the cursor to the first nonblank character. The left 
C and right arrow keys on the keypad are used to position 
C the cursor . Typing any "noncontrol" key results in 
C replacement at that position in the array and on the 
C display. Delete (keypad) and backspace work comple-
C mentarily. The routine also has an IKS!RT mode 
C exited by typing another INSERT or a return (to exit) 
C This routine disallows blanks aince it waa originally 
C used for input and editing of filenames. A return 
C exits the routine. 
C IMAX•t of elements in the array IEHD-(returned) position of let 
C nonblank character from end 

CHARACTER•1 QTITLE(80),ACHAR 
c 

DO 60 K•IMAX,1, -1 
IF (QTITLE(K) .HE . • ') GO TO 60 

60 COHTIKUE 
60 CONTINUE 

IF (K.EQ . IKAX) THEN 
IEND•IMAX 
INDEX•UIAX 
DO 65 K•l , IEHD 

WRITE(•, '(U\) ') QTITLE(K) 
65 CONTINUE 

WRITE(•, • (lA\) ') CHAR(l7), • [D' 
C ELSEIF (K . EQ.O) THEN 
C IHDEX• l 
C IEtiD"'O 

ELSE 

IHDEX•K+l 
IEND•K 
DO 70 K•l, IEHD 

WRITE(•,'(1A\)') QTITLE(K) 
70 COHTIHUE 

EHDIF 
c 
100 CONTINUE 

c 

CALL INKEY(ITEST,ISCAH,ACHAR) 
IF (ITEST.EQ . O) GO TO 100 

IF (ISCAH .EQ. 76) THEH 
C a left arrow was entered 

IF (IHDE.X.NE.1) THEH 
WRITE(•,'(U\)') CHAR(27),•[o• 
IHDE.X•IHDE.X-1 

EHDIF 
GO TO 100 

ELSEIF (ISCAH.EQ.77) THEH 
C a right arrow waa entered 

IF (IHDE.X.HE.IMAX) THEH 
WRITE(•, • (lA\) ') CHAR(27), • (C' 
IHDEX•IHDEX+1 

EHDIF 
GO TO 100 

ELS!IF ((ISCAH .!Q.83) .0R.(ISCAH.EQ.14)) THEH 
C a delete (keypad) or a backapace waa entered 

IF (IHDE.X.GT.(IEND+l)) THEH 
WRITE(•, • (U\) ') CHAR(27), • [D' 
IHDE.X•IHDE.X-1 
GO TO 100 

ELSEIF (IKDEX.EQ. (IEKD+l)) THEN 
IF (IKDEX .EQ.l) THEK 

IF (QTITLE(IHDE.X) .HE. • ') THEK 
QTITLE(IKDEX)•' • 
WRITE(•, • (U\) ') 
WRITE(•, • (lA\) ') CHAR(l7), • (D' 

EHDIF 
ELSE 

QTITLE(IEHD) •' • 
IEND•IEND- 1 
IKDEX•IKDE.X-1 
WRITE(•, • (lA\) ') CRAR(27), • [D' 
WRITE(•,'(U\)') • • 
WRITE(•, '(U\) ') CRAR(l7), • [D' 

EHDIF 
GO TO 100 

ELSE 
IF (ISCAK .EQ.14) TREH 

C backspace delete 
J•IKDE.X-1 
DO 190 K•IHDEX,IEKD 

QTITLE(J)-QTITLE(K) 
J•J+1 

190 CONTINUE 
IF (IHDEX .GT.1) THEH 

WRITE(•, • (lA\) ') CHAR(l7) , • [D' 
HIDE.X•IHDE.X- 1 

EtiDIP 
ELSE 

C delete mode, slightly different than backspace deletion 
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J•IHDEX 
DO 200 K•(IHDEX+1),IEHD 

QTITLE(J)•QTITLE(K) 
J•J+1 

200 CONTINUE 
EHDIF 
QTITLE(IEHD)•' ' 
IF (IEHD.GT . 1) THEH 
IEHD•IEHD-1 
ELSE 
IEHD•O 
END IF 
WRITE(•, '(2A\) ') CHAR(27). '[a' 
DO 210 K•IHDEX, (IEHD+1) 
WRITE(•, '(Al\) ') QTITLE(K) 

210 CONTINUE 
WRITE(•,' (2A.\) ') CRAR(27), '[u' 

EHDIF 
GO TO 100 

ELSEIF (ISCA.H .EQ .82) THEN 
C insert mode 
250 CONTINUE 

c 

CALL IHKEY(ITEST,ISCA.H,A.CHAR) 
IF (ITEST .EQ.O) GO TO 250 

IF (ISCAH.EQ .82) 00 TO 100 
IF (ISCAH.EQ.28) GO TO 400 
IF (ISCA.H .EQ.14) GO TO 250 
IF (ISCA.H .GT.54) GO TO 250 
IF (IEND .GT.O) THEH 

J•IEHD 
DO 260 K•(IEHD+l), (IIIDEX+l) ,-1 
IF (K.LE.IMA.X) THEil 

QTITLE(K)-QTITLE(J) 
EHDIF ' 
J•J-1 

260 COHTIHUE 
EHDIF 
QTITLE(IHDEX)•ACHAR 
WRITE(•,'(1A.\)') QTITLE(IHDEX) 
IF (IHDEX .GE.IMAX) THEil 

WRITE(•, '(2A.\) ') CHAl(27), '[D' 
EHDIF 
IF (IHDEX.GT.IEHD) THEil 

IEIID-IHDEX 
EIIDIF 
IF (IHDEX.LT . IMAX) THEil 

IHDEX•DIDEX+1 
ELSEIF (IHDEX.GE . IMAX) THEH 

HIDEX•IMAX 
EHDIF 
IF (IEHD.LT . IMA.X) THEil 

IEHD•IEtiD+l 
ELSE IF ( IEHD . GE. IMAX) THEN 

IEHD• IMA.X 
!tiD IF 
DO 280 K•INDEX,IEHD 

WRITE(•, '(U\) ') QTITLE(K) 
280 CONTINUE 

DO 285 K~t, (IEND-HIDEX+t) 
WRITE(•, '(2A\) ') CHAR(27), '[D' 

285 CONTINUE 
GO TO 250 

ELSEIF (ISCAH.EQ.79) THEH 
C keypad "end" entered 

DO 286 K•IHDEX,IEHD 
WRITE(•, '(lA\) ') 
QTITLE(K)•' ' 

286 CONTINUE 
DO 288 K•UIDEX, IEHD 

WRITE(•, '(2A\) ') CHAR(27), '[D' 
288 CONTHIUE 

IF (IHDEX .GE.2) THEH 
IEHD•IHDEX-1 

ELSE 
· IEHD-o 

EHDIF 
GO TO 100 

ELSEIF (ISCAH.EQ .28) THEH 
C a return waa entered 

GO TO 400 
ELSEIF (ISCAH.GT .54) THEH 

C any alphabet or number teya but not apacea, 
C function keys or keypad entries 

ELSE 
GO TO 100 

QTITLE(IHDEX)•ACHAR 
WRITE( •, '(Al \) ') ACHAR 
IF (INDEX.GT.IEHD) THEH 

IEHD•IHDEX 
EHDIF 
IF (IHDEX.LT.IMAX) THEH 

INDEX•IHDEX+1 
ELSEIF (INDEX.EQ.IMAX) THEH 

WRITE(•, '(2A\) ') CHAR(27). '[D' 
EHDIF 
GO TO 100 

EHDIF 
00 TO 100 

400 CONTINUE 
DO 500 K•1,(IHDEX-1) 

WRITE(•,'(2A\)') CRAl(27),'[D' 
600 CONTINUE 

DO 650 K•1,IEHD 
WRITE ( • , ' ( lA \) ') QTITLE (K) 

550 CONTINUE 
C blank out the rest of the character atrinc 

DO 660 K•(IEHD+1), IMAX 
QTITLE(K)•' ' 

560 CONTINUE 

c 
c 
c 

c 

RETURH 
EHD 

SUBROUTINE RDVAL(XVAL,IXVAL,IFLAG) 

C FliHCTIOH: 
C READS A HUMBER FROM THE KEYBOARD USIIIG THE IHKEY 
C SUBROUTINE AHD RETURNS THE VALUE (REAL AHD INTEGER) 
c 
C Hull input IFLAG•O 
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C Input error IFLAG•-1 
C Input OK, IFUG•1 
c 

EXTERNAL INKEY 
CHARACTER•1 QSTRNG(8),ACHAR 

c 
IFUG•1 
XVAL-o. 
IXVAL-o 
ISIGN•1 
IPERIOD•O 
DO 80 1•1,8 

QSTRNG(I)•' ' 
80 CONTINUE 
c 

K•1 
100 CONTINUE 

CALL INKEY(ITEST,ISCAH,ACHAR) 
IF ((ITEST.EQ.O).OR.(ISCAH.EQ.67)) THEH 

GO TO 100 
ELSEIF (ISCAH.EQ.l8) THEN 

C a return was entered 
GO TO 150 

ELS!IF (ISCAH.EQ.14) THEN 
C a backspace was entered 

GO TO 115 
ELSE IF (ISCAH. EQ .1l) THEN 

C a alnus sign was entered 
GO TO 1l0 

ELSE IF (ISCAH .!Q. 6l) THEN 
C a period was entered 

GO TO 110 
ELSE IF ( (ISCAH. LT .l) .OR. (ISCAH .GT .11)) THEH 

C something other than a di&it was entered 
GO TO 130 

!HDIF 
WRITE(•, '(lA\) ') ACHAR 

IF (K.LE.8) THEH 
QSTRNG(K)•ACHAR 

EHDIF 
K•K+1 
GO TO 100 

110 CONTINUE 
IF (IPERIOD.EQ.O) THEN 

WRITE(•, '(lA\) ') ACHAR 
IF (K.LE.8) THEM 

IPERIOD•K 
QSTRHG(K)•ACHAR 

END IF 
K•K+1 

END IF 
GO TO 100 

116 CONTINUE 
IF (K .EQ.1) THEN 

IF (ISIGN.LT.O) THEN 
ISIGtlz1 
WRITE(•, '(lA\) ') 
WRITE(•,'(2A\)') CHAR(l7),'[D' 
WRITE(•, '(lA\) ') CHAR(l7), '[D' 

END IF 
WRITE(•, '(lA\) ') ' ' 

WRITE(•,'(lA\)') CHAR(l7),'[D' 
ELSE 

K•K-1 
IF (K.EQ.IPERIOD) THEN 

IPERIOD•O 
END IF 
WRITE(•,'(1A\)') 
WRITE(•, '(lA\) ') CHAR(l7), '[D' 
WRITE(•, '(lA\)') CHAR(l7).'[D' 

END IF 
GO TO 100 

1l0 CONTINUE 
IF ((K. EQ .1). AHD. (ISIGK. GT. 0)) THEH 

WRITE(•, '(lA\) ') ACHAR 
ISIGN•-1 

END IF 
GO TO 100 

130 CONTINUE 
IFUG•-1 
GO TO 300 

150 CONTINUE 

c 

IEND•K-1 
IF (IEND.EQ.O) THEH 

IFUG•O 
GO TO 300 

ELSEIF (IEND.GT.8) TREK 
IEHD•8 

END IF 

IF (IPERIOD.!Q.IEND) THlH 
IEND•U:ND-1 
IPERIOD-0 

END IF 
IF (IPERIOD.HE.O) THEM 

XKULT•1./(10••(IEND-IPERIOD)) 
DO lOO J•IEND,(IPERIOD+1),-1 

XVAL•XVAL+(XMULT•(FLOAT(ICHAR(QSTRHO(J))-48))) 
D«<LT•Xf.M.T•10. 

lOO CONTINUE 

c 

c 

END IF 

IF (IPERIOD.EQ .O) THEN 
ISTART•IEHD 

ELSE 
ISTART•(IPERIOD-1) 

EHDIF 

If.M.T•1 
DO lSO J•ISTART,1,-1 

IXVAL•IXVAL+(IMULT•(ICHAI(QSTRHO(J))-48)) 
If.M.T•If.IULT•10. 

l50 CONTINUE 
c 

XVAL•(FLOAT(IXVAL)+XVAL)•FLOAT(ISION) 
IXVAL•IXVAL•ISIGN 

300 COHTIHUE 

c 
c 
c 

RETIJRH 
END 
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SUBROUTINE SETPOS(ICURSOR,IPOS) 
c 
C FUNCTION: 
C POSITIONS THE CURSOR AT (IPOS(ICURSOR), !CURSOR) 
C USING AHSI.SYS ESCAPE SEQUENCES 
c 

c 

c 
c 
c 

c 

DIMEHSIOH IPOS(25) 
CHARACTER•l ESC 

ESC•CHAR(l7) 
IF (ICURSOR.LT.10) THEH 

WRITE(•,' (lA,Il,lA, ll,lA\) ') ESC,'[', 
$ !CURSOR,';', IPOS(ICURSOR), 'f' 

ELSE 
WRITE(•,' (lA, Il,lA, ll,lA\) ') ESC,' [', 

$ I CURSOR, '; ', IPOS (ICURBOR), 'f' 
EHDIF 
RETURN 
EHD 

SUBROUTINE CHGYAL(IR!AL,XYAL,IXYAL,ICURSOR,IPOS,BOLD,BLIHK, 
$ CLEAR,ERASE) 

C P'UHCTIOH: 
C ALTERS A REAL OR IHTEGER VALUE IH THE MEHU SCRE!H 
C BY FIRST PRIHTIHG THE VALUE IH HIGH IHTEHSITY BLIHKIHG 
C BOLD AnRIBUTE, AJfD READS A HUMBER FRO!( THE KEYBOARD 
C (SUBROUTINE RDVAL) 
c 

c 

DIMEHSIOH IPOS (l5) 
CHARACTER•3 !RASE 
CHARACTER*' BOLD,BLINK 
CHARACTER•7 CLEAR 

100 COHTIHUE 
WRIT!(•,'(lA\)') BOLD,BLIHK 
CALL S!TPOS(ICURSOR,IPOS) 
IF (I REAL. EQ . 1) THEN 

CALL PRTRL(XYAL) 
ELSE 

CALL PRTIHT(IXYAL) 
END IF 
WRITE(•,'(lA\)') CLEAR,BOLD 
CALL SETPOS(ICURSOR,IPOS) 
CALL RDVAL(X, IX, IWARN) 
IF (IWARH .LT.O) THEH 

GO TO 100 
ELS!IF (IVARN.GT.O) THEH 

XYAL•X 
IXYAL•IX 

EHDIF 
CALL SETPOS(ICURSOR,IPOS) 
VRIT!(•,'(lA\)') ERASE,BOLD 
IF (I REAL. EQ . 1) THEH 

CALL PRTRL(XYAL) 
ELSE 

CALL PRTIHT(IXYAL) 
!NDIF 
WRITE(•,'(lA\)') CLEAR 

c 
c 
c 

c 

RETURN 
END 

SUBROUTINE PlTINT(IYALUE) 

C FUNCTION: 
C SELECTS THE PROPER. FORMAT TO OUTPUT AJf INTEGER VALUE 
C BASED OH THE MAGNITUDE OP IYALUE 
c 

c 
c 
c 

c 

IP (IABS(IYALUE).LT.10) THEN 
IF (IYALUE.LT.O) TH!H 

WRITE(*,' (ll\) ') IYALUE 
ELSE 

WRITE(•, '(11\) ') IYALUE 
EHDIF 

ELSEIF (IABS(IYALUE).LT.100) THEH 
IF (IVALUE.LT.O) THEH 

WRITE(•, '(13\) ') IYALUE 
ELSE 

WRITE(•, '(Il\) ') IYALUE 
!HDIF 

ELSEIF (IABS(IYALUE).LT.1000) THEM 
IF (IVALUE.LT.O) THEH 

WRITE(•, '(U\) ') IYALUE 
ELSE 

WRITE(•,' (13\) ') !VALUE 
END IF 

!LS!IF (IABS(IVALUE).LT.10000) THEH 
IF (IYALUE.LT.O) TH!H 

WRIT!(•,'(IS\)') !VALUE 
ELSE 

ELSE 

WRITE(•, '(U\) ') IYALUE 
END IF 

IP (IVALUE.LT.O) THEH 
WRITE(•, '(16\) ') !VALUE 

ELSE 
WRITE(•,' (15\) ') IYALUE 

!HDIP 
EHDIF 
RETURN 
EHD 

SUBROUTINE PlTRL(XYALUE) 

C FUHCTIOH: 
C SELECTS THE PROPER FORMAT TO OUTPUT A lEAL VALUE 
C BASED ON THE MAGNITUDE OP XYALUE 
c 

IF (ABS(XYALUE).LT.lO) THEH 
IF (XYALUE.LT.O) THEH 

WRITE(•,'(F,.1\)') XVALUE 
ELSE 

VRITE(•,'(F3.1\)') XYALUE 
EHDIF 

ELSEIF (ABS(XYALUE).LT . lOO) THEN 
IF (XYALUE . LT .O) THEH 

VRITE(•,'(F5 . 1\)') XVALUE 
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c 
c 
c 

c 

ELSE 
WRITE(•,' (F4.1\) ') XVALUE 

EHDIF 
ELSEIF (ABS(XVALUE).LT. 1000) THEN 

IF (XVALUE . LT .O) THEN 
WRITE(•,'(F6 . 1\)') XVALUE 

ELSE 
WRITE(•, '(F5.1\) ') XVALUE 

EHDIF 
ELSEIF (ABS(XVALUE).LT.10000) THEH 

IF (XVALUE . LT .O) THEH 
WRITE(•, '(F7 . 1\) ') XVALUE 

ELSE 
WRITE(•, '(F6 . 1\) ') XVALUE 

EHDIF 
!LSEIF (ABS (XVALUE). LT . 100000) THEH 

IF (XVALUE . LT . O) THEN 
WRITE(•,'(F8 . 1\)') XVALUE 

ELSE 

!LSE 

WRITE(•,'(F7 . 1\)') XVALUE 
END IF 

IF (XVALUE . LT .O) THEN 
WRITE ( •, '(F9. 1 \) ') XVALUE 

ELSE 
WRIT!.(•,'(F8.1\)') XVALUE 

!.HDIF 
!.HDIF 
lllniRH 
!.HD 

SUBROUTINE CHRALTI(ACHAR,ICURSOl,IPOS,BOLD,BLIHK,CLEAR) 

C PUHCTION: 
C ALTERS A CHARACTER VALUE IH THE MEHU SCREEN 
C BY FIRST PRINTING THE VALUE IN HIGH INTENSITY BLINKING 
C BOLD ATTRIBUTE , AHD READS A CHARACTER FROM THE KEYBOARD 
c 

c 

c 

EXTERNAL INKEY 
DIMEHSION IPOS(lS) 
CHARACTER•! AHS, A CHAR, ESC 
CHARACTER•4 BOLD,BLINK 
CHARACTER•7 CLEAR 

ESC•CHAR(27) 

CALL SETPOS(ICURSOR,IPOS) 
WRITE(•,'(5A\)') BOLD,BLINK,ACHAR,CLEAR,BOLD 

100 CONTINUE 
CALL SETPOS(ICURSOR,IPOS) 

200 COifTIIfUE 
CALL IHKEY'(ITEST,ISCAH,AHS) 
IF (ITEST.EQ.O) GO TO 200 
IF (ISCAif .EQ .28) GO TO 300 
ACHAR•AHS 
WRITE( •, '(Al \) ') A CHAR 
GO TO 100 

300 CONTINUE 
WRITE(•, '(U\) ') CLEAR 

c 
c 
c 

c 

REnJRH 
END 

SUBROUTINE PRTMHU(DATFIL ,RSPFIL,PLTFIL,LOTENP) 

C PUHCTION: 
C OUTPUTS THE MEHU SCREEN 
c 

c 

c 

LOGICAL•2 LOTEr.a> 
CHARACTER•! RSPAVG,BLLMT,ESC 
CHARACTER•3 ERASE 
CHARACTER•4 REVIDEO,BOLD,BLINK 
CHARACTER•& AHPTS 
CHARACTER•7 CLEAR 

CHARACTER•3S DATFIL,RSPFIL,PLTFIL,BLAHK 
CHARACTER•72 CFIELD 
COMMON /CHRDAT/ CFIELD,lSPAVO,BLLMT,ESC,CLEAl, 

$ REVIDEO ,BOLD,BLIHK,ERASE 
COMMON /NUMDAT/ NPTS,ITOT,MINCH,MAXCH,NSTART,NTAUS,ISTAIT,ISTOP , 
$ ATAU1,ATAUl,ATAU3,FlAC21,FlAC3l,IFIXl,BSLKE, 
$ MIHBL,MAXBL,SHIFT,AKPEST,CTD,XMAX,YMAX,IYMAXCH, 
$ NAHGS,IP08(25) 

BLANK•' 
IF (DATFIL.OT.BLAHK) TH!.H 

WRITE(•, '(SA\)') ESC,' (4;5fDecay file: • 
$ BOLD,DATFIL,CLEAl 

WRITE(•, '(A1,2A,A72,1A\) ') ESC, • [1; 2f' ,BOLD,CFI!LD,CL!Al 
!.LS!. 

lUTE(•, '(SA\)') ESC,'[4;5fDecay file: • 
$ REVIDEO,DATFIL,CLEAl 

END IF 
IF (RSPFIL.OT.BLAHK) THEN 

WliTE(•,'(SA\)') ESC,'(6;5fReaponee file: ' 
$ BOLD,RSPFIL,CLEAR 

ELSE 
WliTE(•,'(SA\)') ESC,'(5;6fleaponee file : • 

$ REVIDEO,RSPFIL,CLEAR 
EHDIF 
IF (ITOT.OT.O) TH!.H 

WRITE(•,'(6A\)') ESC,'[6;5fNuaber of data pointa (100' 
$ CHAR(243), • N ' ,CHAR(243),' ' 

CALL PRTIHT(ITOT) 
WRITE(•, '(2A\)') '): ',BOLD 

ICURSOR•6 
CALL SETPOS(ICURSOl,IPOS) 
CALL PRTIHT(NPTS) 

EHDIF 

WRITE(•, '(lA\) ') CLEAR 
IF (LOTEr.a>) THEM 

WRITE(•,'(SA\)') ESC,'[7;6fAn&le aodulated decay : ' 
$ REVIDEO, 'On ',CLEAR 

WRITE(•,'(3A, I2,1A\)') ESC,'[8;81'Hwaber of anglea: ', 
$ BOLD,NAHGS,CLEAR 

ELSE 
WRITE(• , '(SA\)') ESC,'[7;5fAngle modulated decay: ' 

$ REVIDEO, 'Off' ,CLEAR 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

!.HDIF 
WRIT!.(•,'(SA\)') ESC,'[7;5fResponse baseline correction: • 
$ BOLD,RSPAVG,CLEAR 
IF ((RSPAVG.EQ . 'Y').OR.(RSPAVG.EQ.'y')) TH!.H 
IF (MIHCH.GE.MAXCH) TH!.H 

WRITE(•,'(lOA\)') !SC,'[8;8fChannel ranee for average', 
$ ' (min,max): ',REVIDEO,' ' ,CLEAl,',',R!.VIDEO,' ',CLEAR 
!.LSR 

WRIT!.(•,'(4A,I4,3A,I4,1A\)') !.SC, 
$ '[8;8fChannel range for average', 
$ ' (min,max): ',BOLD,MIHCH,CLEAR,',',BOLD,MAXCH,CLEAR 

!.HDIF 
!.HDIF 

IF (CTD.GT .O) THEH 

• 
WRITE(•,'(4A,F7.2,1A\)') !.SC,'[9;1Sf',BOLD, 

'Picoseconds per channel : ',CTD,CLEAR 
WRIT!.(•,'(4A,F7.0,2X,lA,I3,lA\)') ESC,'[lO;lSf',BOLD, 

'Ymax • ', YMAX, 'Ymax channel • ',IYMAXCH,CLEAJl • !.HDIF 
WRITE( •, '(4A \) ') ESC,' [11; 5f', 

$ 'Channel to 1tart fitting: 
CALL PRTIHT(HSTART) 
WRITE(•,'(lA\)') CLEAR 

',BOLD 

IlliTE(•, '(4A, Il,lA\) ') ESC,' (ll; 5f', 
$ 'Humber of components: ',BOLD,HTAUS,CLEAR 

IF (ATAUl.GT.O.) TH!.H 
WRITE(•, '(4A\) ') ESC,' (13;5f', 

• 'Lifetime 1 estimate (Ch): ',BOLD 
CALL PRTRL(ATAUl) 
WRITE ( •, ' ( lA \) ') CLEAR 

!.LSI!. 
WRITE(•, '(6A\) ') ESC,' [13;5f', 

• !.HDIF 
'Lifetime 1 estimate (Ch): ',l!VID!O,' 

IF ((ATAU2.GT.O.).AHD.(HTAUS.GT.l)) TH!.H 
WRIT!(•,'(4A\)') ESC,'(l4;6f', 

• 'Lifetime 2 estimate (Ch): ',BOLD 
CALL PRTRL(ATAUl) 
WRITE(•, '(lA\) ') CLEAR 

!.LS!.IF (HTAUS.GT.l) TH!.H 
WRIT!(•,'(6A\)') ESC,'[l4;5f', 

• EHDIF 
'Lifetime l estimate (Ch): ',REVID!O,' 

IF ((ATAU3.GT.O.).AHD.(HTAUS.GT.2)) TH!.H 
WRIT!(•, '(4A\) ') ESC,' [lS;Sf', 

• 'Lifetime 3 estimate (Ch): • ,BOLD 
CALL PRTRL(ATAU3) 
WRITE(•. '(lA\) ') CLEAR 

!.LS!.IF (HTAUS.GT .l) THEH 
WRITE(•, '(6A\) ') ESC,' [13;6f', 

• !HDIF 
'Lifetime 3 estimate (Ch): ',R!.VIDEO,' 

IF ((FRAC2l.GT.O.).AHD . (HTAUS.GT.l)) 
WRITE(•, '(4A\) ') ESC,' [16;5f', 

• 'Fraction 2/1: ',BOLD 
CALL PRTRL(FRAC21) 
lfRIT!(•,'(lA\)') CLEAR 

ELSEIF (HTAUS.GT.l) THEH 
WRITE(•,'(6A\)') ESC,'[16;Sf', 

TH!.H 

',CLEAR 

',CLEAR 

',CLEAR 

c 

c 

c 

c 

c 

c 
c 
c 

c 
c 
c 
c 
c 
c 

$ 'Fraction 2/1: ',REVIDEO,' ',CLEAR 
EHDIF 
IF ((FRAC3l . GT.O.).AHD.(HTAUS.GT.l)) TH!.H 

WRITE(•,'(4A\)') !.SC,'[l7;6f', 
$ 'Fraction 3/1: ',BOLD 

CALL PRTRL(FRAC31) 
WRITE(•,'(lA\)') CLEAR 

ELSEIF (HTAUS.GT.2) TH!.H 
WRITE(•,'(6A\)') ESC,'[l7;6f', 

$ 'Fraction 3/1: ',R!.VIDEO,' ',CLEAl 
EHDIF 

WRIT!(•,'(4A,I1,1A\)') !SC,'[18;6f', 
$ 'Fix lifetime: ',BOLD,IFIXl,CLEAl 

WliT!(•,'(4A\)') !.SC,'[19;6f', 
$ 'Baseline estimate: ',BOLD 

CALL PRTRL(BSLH!) 
WRITE(•,'(lA\)') CLEAR 

WRIT!.(•, '(6A \) ') ESC,' (20;6f', 
$ 'Constrain baseline: ',BOLD,BLLMT,CL!All 

IF ((BLLMT.!.Q.'Y').OR.(BLLMT.!.Q.'y')) TH!.H 
IF (MIHBL.G!.MAXBL) TH!.H 

WRIT!(•,'(lOA\)') !SC,'(21;8f', 
$ 'Baseline limit• (ain,aax): ',l!VID!O,' 
$ ' , ' , REVID!O, ' ' , CLEAR 

!LS! 
WlliT!(•,'(4A,I4,3A,I4,1A\)') !.BC,'(l1;8f', 

• ,CL!.Al, 

$ 'Baseline limits (ain,aax): ',BOLD,MIHBL,CL!Al, 
$ ',',BOLD,MAXBL,CLEAR 

!HDIF 
!.HDIF 
WRITE(•,'(4A\)') ESC,'[22;6f', 
$ 'Lamp-shift estimate: ',BOLD 

CALL PRTRL(SHIFT) 
WRIT!(•. '(lA\) ') CLEAl 

IF (AKP!.ST.GT.O) TH!.H 
WRITE(•, '(4A\) ') ESC,' (23;5f', 

$ 'Estimated amplitude: ',BOLD 
CALL PRTRL(AMP!.ST) 
WRIT!.(•,'(lA\)') CLEAR 

EHDIF 

R!.nJRH 
!.HD 

SUBROUTINE CHGXPS(A) 

FUHCTIOH: 
UPDATES ALL THE PAR.A.MET!RS REQUIRED FOR THE CHAHG!. 
FROM SIHGLE TO DOUBLE TO TRIPLE !.XPOHEHTIAL DECAY 
ANALYSES 

DUIEtiSIOH A (8) 
CHARACTER•! RSPAVG,BLLMT,ESC 
CHARACTER•3 ERASE 
CHARACTER•4 REVIDEO,BOLD,BLIHK 

I · 
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c 

CHARACTER•7 CLEAR 
CHARACTER•72 CFIELD 
COMMOH /CHRDAT/ CFIELD,RSPAVG,BLLMT,ESC , CLEAR, 

$ REVIDEO,BOLD,BLIHK,ERASE 
COMNOH /HUMDAT/ HPTS , ITOT,MIHCH,KAXCH,HSTART,HTAUS,ISTART,ISTOP, 
$ ATAU1,ATAU2,ATAU3 ,FRAC21,FRAC3l,IFIX1,BSLHE, 
$ MUIBL,KAXBL,SHIFT ,AMPEST ,CTD,XMAX, YMAX, IYMAXCH, 
$ HAHGS , IPOS(25) 

30 COHTIHUE. 

c 

ICURSOR•12 
CALL SETPOS(ICURSOR, IPOS) 
CALL CHGVAL(IREAL,XVAL,HTAUS,ICURSOR,IPOS,BOLD,BLIHK, 

$ CLEAR,ERASE) 
IF (HTAUS.LT . l) THEM 

HTAUS•l 
CALL SETPOS(ICURSOR,IPOS) 
WRITE.(•, '(:ZA\)') ERASE,BOLD 
CALL PRTIHT(HTAUS) 
WRITE(•, '(lA\)') CLEAR 

E.I.SE.IF (HTAUS . GT . 3) THEH 
HTAUS•3 
CALL SE.TPOS(ICURSOR,IPOS) 
WRITE.(•,'(:ZA\)') E.RASE , BOLD 
CALL PRTIHT(HTAUS) 
WRITE(• , '(lA\) ') CLEAR 

!HDIF 

IF (HTAUS .EQ.1) THEH 
DO 36 1•14, 18 

WRITE(•, '(lA, 12,21\) ') ESC,' [',I,': lf' ,ERASE 
IPOS(I)•O 

36 COHTDIUE. 
WRITE.(• , '(1A\)') BOLD 
ICURSOR•13 
IF (ATAU1 .EQ .O.) THE.H 

39 COHTIHUE. 
CALL SETPOS(ICURSOR,IPOS) 
CALL RDVAL(ATAU1,IXVAL,IWARH) 
IF ((IWARH.LT.O) .OR . (ATAU1.L! .O)) GO TO 39 
E.HDIF 
CALL SETPOS(ICURSOR,IPOS) 
WRITE.(•,'(:ZA\)') ERASE,BOLD 
CALL PRTRL(ATAUl) 
WRITE(•,'(1A\)') CLEAR 
ISA VE• IPOS (I CURSOR) 
IPOS(ICURSOR)•ISAVE+8 
CALL SETPOS(ICURSOR,IPOS) 
WRITE.(• ,' (lA\)') '(' 
XTAU•ATAU1•CTD 
CALL PRTRL(XTAU) 
WRITE(• , '(1A\)') 'paec)' 
IPOS (I CURSOR) •ISAVE 
IFIX1-D 
IFIX:Z•O 
A(3)•ATAU1 
ISTART•3 
ISTQP: 6 

ELSEIF (HTAUS .EQ.:Z) THEH 
IPOS ( 14) cJ1 
IPOS(16)•19 

37 

c 

• 

• 
40 

c 

• 
• 

IPOS ( 18) •19 
WRITE(•, '(3A\) ') ESC,' [15; lf' ,ERASE. 
IPOS(15)-o 
WRITE(•, '(3A\) ') ESC,' [17;lf' ,!RASE. 
IPOS(17)-o 
WRITE(•,'(lA\)') BOLD 

ICURSOR•13 
IF (ATAU1 .!Q .O. ) THE.H 

COHTDIUE. 
CALL SE.TPOS(ICURSOR,IPOS) 
CALL RDVAL(ATAU1,1XVAL,IWARH) 
IF ((IWARH.LT.O) .Oil. (ATAUl.L!.O)) 00 TO 37 

E.HDIF 
CALL SE.TPOS(ICURSOR,IPOS) 
WRITE(•,'(lA\)') !RASE.,BOLD 
CALL PllTRL(ATAUl) 
WRITE(•, '(lA\) ') CLIW. 
ISAVE.•IPOS(ICURSOR) 
IPOS(ICURSOR)•ISAVE+8 
CALL SETPOS(ICURSOR,IPOS) 
WRITE.(•,'(1A\)') '(' 
XTAU•ATAU1•CTD 
CALL PRTRL(XTAU) 

WRITE(•, '(U\) ') ' p .. c)' 
IPOS(ICURSOR)•ISAVE 

ICURSOR•14 
IF (ATAUl.OT.O. ) TH!H 

WRITE.(•,'(4A\)') ESC,'[14;6f', 
'Lifetiae l eatiaate (Ch): ',BOLD 

CALL PRTRL(ATAUl) 
WRITE(•,'(1A\)') CLEAR 

ELSE. 
WRITE(•,' (6A\) ') ESC,' [14 ;6!', 

'Lifetiae 2 eatiaate (Ch): ',I!YID!O,' 
WRITE(•, '(lA\) ') BOLD 

COHTIHUE. 
CALL SETPOS(ICURSOR,IPOS) 
CALL RDVAL(ATAUl,IXVAL,IWAilH) 
IF ((IWARH .LT.O) . OR.(ATAUl .LE.O)) 00 TO 40 
CALL SETPOS(ICURSOil,IPOS) 
WRITE(•, '(lA\) ') ERASE., BOLD 
CALL PRTRL(ATAUl) 
WRITE(•,'(1A\)') CLEAR 

!HDIF 
ISAVE•IPOS (I CURSOR) 
IPOS(ICURSOR)•ISAVE+8 
CALL SETPOS(ICURSOR,IPOS) 
WRITE.(•,'(1A\)') '(' 
XTAU•ATAUl•CTD 
CALL PRTRL(XTAU) 
WRITE(•,'(1A\)') 'paec)' 
IPOS(ICURSOR)•ISAVE 

ICURSOR•16 
IF (FRACll.OT .O. ) THEH 

WRITE(•, '(4A,F5.2,2A\)') ESC,'[16;5f ' , 
'Fraction 2/1: ',BOLD,FRAC21,E.RASE.,CLEAR 

ELSE 
WRITE(•,'(6A\)') ESC,'[16;6f' , 

'Fraction 2/1: ',REVIDEO, ' ',CLEAR 

I 
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WRITE(• , '(lA\)') BOLD 
41 CO HTIHUE 

CALL SETPOS(ICURSOR,IPOS) 
CALL RDVAL(FRAC21,IXVAL,IWARH) 
IF ((IWARH.LT.O) . OR.(FRAC21 .LE.O)) GO TO 41 
CALL SETPOS(ICURSOR,IPOS) 
WRITE(•,'(1A,F5.2,2A\)') BOLD,FRAC21,ERASE,CLEAR 

EHDIF 
ISAVE• IPOS(ICURSOR) 
IPOS(ICURSOR)•ISAVE+8 
CALL SETPOS(ICURSOR,IPOS) 
WRITE(•, '(lA\)') '(' 
XPRCHT•(FRAC21/(FRAC21+1))•100 . 
CALL PRTRL(XPRCHT) 
WRITE(•, '(U\) ') 'l)' 
IPOS(ICURSOR)•ISAVE 
IFIXl-o 
IFIX2-<> 
WRITE(•, '(4A, Il,lA\) ') ESC, ' [18; 6f', 

$ 'Fix lifetime : ' ,BOLD,IFIXl,CLEAR 
A(2)•ATAU1 
A(3)•ATAU2 
ISTART•2 

ELSE 
WRITE ( • , ' ( 1A \) ') CLEAR 
IPOS(14)•31 
IPOS(15)•31 
IPOS(16)•19 
IPOS ( 17) •19 
IPOS(18)•19 
WRITE(• , '(lA\)') BOLD 

IF (ATAUl.EQ .O. ) THEH 
42 COHTIHUE 

c 

CALL SETPOS(ICURSOR,IPOS) 
CALL RDVAL(ATAU1,IXVAL,IWARH) 
IF ((IWARH.LT .O).OR. (ATAUl.LE.O)) GO TO 42 
EHDIF 

ICURSOR•13 
CALL SETPOS(ICURSOR,IPOS) 
WRITE(•, ' (2A\)') ERASE,BOLD 
CALL PRTRL(ATAU1) 
WRITE(•,'(lA\)') CLEAR 
ISA VE•IPOS (I CURSOR) 
IPOS(ICURSOR)•ISAVE+8 
CALL SETPOS(ICURSOR,IPOS) 
WRITE(•,'(lA\)') '(' 
XTAU•ATAUl•CTD 
CALL PRTRL(XTAU) 
VRITE(• , '(1A\)') 'paec)' 
IPOS(ICURSOR)•ISAVE 

ICURSOR•14 
IF (ATAUl .GT.O.) THEH 

VRITE(•,'(4A\)') ESC,'[14;6f' , 
$ ' Lifetime 2 estimate (Ch): ',BOLD 

CALL PRTRL(ATAU2) 
WRITE(•, '(lA\)') CLEAR 

ELSE . 
WRITE( •, '(6A\) ') ESC, '[14; Sf', 

$ 'Lifetime 2 estimate (Ch) : ',REVIDEO,' 
VRITE(• , '(lA\}'} BOLD 

',CLEAR 

44 COHTIHUE 

c 

CALL SETPOS(ICURSOR,IPOS) 
CALL RDVAL(ATAUl,IXVAL,IVARH) 
IF ((IVARH.LT.O).OR.(ATAU2.LE .O)) GO TO 44 
CALL SETPOS(ICURSOR,IPOS) 
VRITE(•,'(2A\)') ERASE,BOLD 
CALL PRTRL(ATAUl) 
WRITE(•, '(lA\) ') CLEAR 

EHDIF 
ISAVE•IPOS(ICURSOR) 
IPOS(ICURSOR)•ISAVE+8 
CALL SETPOS(ICURSOR,IPOS) 
WRITE(•, '(lA\) ') ' (' 
XTAU•ATAUl•CTD 
CALL PRTRL(XTAU) 
VRITE(•,'(lA\)') 'paec)' 
IPOS(ICURSOR)•ISAVE 

ICURSOR•15 
IF (ATAU3 .GT.O.) THEM 

WRITE(•, '(4A\)') ESC,'[15;6f', 
$ 'Lifetime 3 eatiaate (Ch) : ',BOLD 

CALL PRTRL(ATAU3) 
WRITE(•, '(U\) ') CLEAR 

ELSE 
WRITE( •,' (6A\) ') ESC, '[16 ;6f', 

$ 'Lifetime 3 estimate (Ch): ',REVIDEO,' 
VRITE(•,'(lA\)') BOLD 

46 COHTIHUE 

c 

CALL SETPOS(ICURSOR,IPOS) 
CALL RDYAL(ATAUJ,IXVAL,IVARH) 
IF ((IWARH .LT.O) .OR.(ATAU3.LE.O)) GO TO 46 
CALL SETPOS(ICURSOR,IPOS) 
VRITE(•,'(2A\)') ERASE,BOLD 
CALL PRTRL(ATAUJ) 
WRITE(•, '(lA\) ') CLEAR 

EHDIF 
ISAVE•IPOS(ICURSOR) 
IPOS(ICURSOR)•ISAVE+8 
CALL SETPOS(ICURSOR,IPOS) 
WRITE(•,'(lA\)') '(' 
XTAU•ATAU3•CTD 
CALL PRTRL(XTAU) 
WRITE(•,'(lA\)') 'paec)' 
IPOS(ICURSOR)•ISAVE 

ICURSOR•16 
IF (FRAC21.GT .O.) THEH 

VRITE(•,'(4A,P4 .2,2A\)') ESC,'[16;6f', 
$ 'Fraction 2/1 : ' ,BOLD,PRAC21,ERASE,CLEAl 

ELSE 
VRITE(•,'(6A\)') !SC,'[16;6f', 

$ 'Fraction 2/1: ',REYIDEO,' ' ,CLEAR 
VRITE(•,'(1A\)') BOLD 

48 COHTIHUE 
CALL SETPOS(ICURSOR,IPOS) 
CALL RDVAL(FRAC21,IXVAL,IWARH) 
IF ((IWARH .LT .O).OR. (FRAC21 . LE .O)) GO TO 48 
CALL SETPOS(ICURSOR,IPOS) 
WRITE(•,'(1A,F5 .2,2A\)') BOLD,FRAC21,ERASE,CLEAR 

EHDIF 

',CLEAl 
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c 
ICURSOR•17 
IF (FRAC31.GT.O. ) THEH 

WRITE(•,'(4A,P4.l,lA\)') ESC,'[17;51', 
t 'Fraction 3/1: ',BOLD,FRAC31,!RASE,CLEAR 

!~! 
WRITE(•,'(6A\)') ESC,'[17;51', 

t 'Fraction 3/1: ',R!YID!O,' ',CLEAR 
WRITE(•,'(lA\)') BOLD 

50 COHTIHU! 

c 

c 

c 

c 
c 
c 
c 

CALL SETPOS(ICURSOR,IPOS) 
CALL RDYAL(PRAC31,IXVAL,IWARH) 
IF ((IWARH.LT.O).OR.(FRAC31.L!.O)) 00 TO 50 
CALL SETPOS(ICURSOR,IPOS) 
WRITE(•,'(1A,F5.l,lA\)') BOLD,FIAC31,!RAS!,CL!AR 

!HDIP 

ICURSOR•16 
ISAYE•IPOS(ICURSOR) 
IPOS(ICURSOR)•ISAY!+7 
CALL SETPOS(ICURSOR,IPOS) 
WRITE(•,'(lA\)') '(' 
XPRCHT•(FRACl1/(FRACll+FRAC31+1))•100. 
CALL PRTRL(XPRCHT) 
WRITE(•. I (lA\) ') 'I) I 
IPOS(ICURSOR)•ISAY! 

ICURSOR•17 
ISAYE•IPOS(ICURSOR) 
IPOS(ICURSOR)•ISAYE+7 
CALL SETPOS(ICURSOR,IPOS) 
WRITE(•,'(lA\)') '(' 
XPRCHT•(FRAC31/(FRACll+FRAC31+1))•100. 
CALL PRTRL(XPRCHT) 
WRITE(•,'(lA\)') 'I)' 
IPOS(ICURSOR)•ISAY! 

IFIXl-<> 
IFIXl-<> 
WRITE(•. I (U,Il,lA\) ') ESC, I [18;51' I 

t 'Fix liletiae: ',BOLD,IFIXl,CL!Al 
WRITE(•. I (lA\) ') BOLD 
A(l)•ATAUl 
A(l)•ATAUl 
A(3)•ATAU3 
A(7)•FRACl1 
A(8) •FRAC31 
ISTART•l 
ISTOP-8 

!HDIF 
ICURSOR•ll 
CALL SETPOS(ICUlSOR,IPOS) 
RETURH 
EHD 

I 
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Appendix B 

ASSEMBLER Routines 
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Subroutine DISP 
assembler subroutine to display or erase a pixel at 

location IXPLT ,IYPLT 

FORTRAN call: 

where 

CALL DISP (IFLAG,IXPLT,IYPLT) 

IFLAG=O erase mode, IFLAG=l display mode 

IXPLT,IYPLT screen pixel location (INTEGER values only) 

requirements: 

IFLAG,IXPLT,IYPLT INTEGER*2 variables 

written by B. Leland 5/6/85 

PAGE 

FRAME 
SAVEDS 

SAVEBP 

RET AD DR 
YVAL_ADDR 

XVAL.ADDR 

IFLG_ADDR 

FRAME 
DGROUP 

DATA 

DATA 

,80 

STRUC 
DW ? 

DW ? 

DD ? 

DD ? 

DD ? 

DD ? 

ENDS 

GROUPDATA 

SEGMENT PUBLICDATA' 

ASSUME DS:DGROUP 

ROW DW ? 

COL 

ENDS 

DW ? 

;COPY OF DS REGISTER 

;COPY OF BP REGISTER 

;4 BYTE RETURN ADDRESS 

;4 BYTE LOC OF Y VALUE 

;4 BYTE LOC OF X VALUE 

;4 BYTE LOC OF FLAG 

;Y VALUE 
;X VALUE 

FSMODE 

FLOCATE 

FSCROLL 

EQU 0 

EQU 2 

EQU 6 

;BIOS FUNCTION=SET MODE 

:BIOS FUNCTlON=LOCATE 

;BIOS FUNCTION=SCROLL 



FWRITE 
FPLOT 
WHITE 
BLACK 
MAXY 

EQU 10 
EQU 12 
EQU 7 
EQU 0 
EQU 199 

BIOSCALL MACRO FUNCTION 
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;BIOS FUNCTION=WRITE CHARACTER 
;BIOS FUNCTION=PLOT POINT 
;ATTRIBUTE WHITE ON BLACK 
;BLACK ON BLACK BKG-ERASE 
;MAX Y OF SCREEN 

MOV AH,FUNCTION 
INT lOH ;CALL BIOS VIDEO FUNCTION 
ENDM 

PLOT MACRO XVAL,YVAL ;ASSUMES ATTRIBUTE IN AL, 
MOV DX,MAXY ; ROW(Y) IN DX, COL(X) IN CX 
SUB DX,YVAL 
MOV CX,XVAL 
BIOSCALL FPLOT 
ENDM 

MYSEG SEGMENT 'CODE' 
ASSUME CS:MYSEG,DS:DGROUP,SS:DGROUP 

PUBLIC DISP 
DISP PROC FAR 

PUSH BP ;SAVE BP REGISTER 
PUSH DS ;SAVE DS REGISTER 
MOV BP,SP ;POINT BP AT THE FRAME 
LES BX,[BP].XVAL_ADDR ;LOAD ADDR OF XVAL 
MOV AX,WORD PTR ES:[BX] ;STORE IN COL 
MOV COL,AX 
LES BX,[BP].YVAL..ADDR ;LOAD ADDR OF YVAL 
MOV AX,WORD PTR ES:[BX] 
MOV ROW ,AX ;STORE IN ROW 
LES BX,[BP].IFLG..ADDR ;LOAD ADDR OF YVAL 
MOV AX,WORD PTR ES:(BX] 

CMP AL,O 
JNE IFl 



MOV AL,BLACK 
JMP $$ENDIF 

$$IF1: MOV AL,WHITE 
$$ENDIF: 

PLOT 

POP 
POP 
RET 

DISP ENDP 
MYSEG ENDS 

END 

COL,ROW 

DS 
BP 
12 
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;PLOT POINTS 

;RESTORE DS 
;RES'DORE BP 
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Subroutine INKEY 
assembler subroutine to read a key from the keyboard 

FORTRAN call: 

where 
CALL INKEY(IFLAG,ISCAN,ANS) 

IFLAG=O means no key available in keyboard buffer 
IFLAG=l key is available and was read 
IS CAN=? scan code for the key that was read (integer) 
ANS=? character that was read 

Requirements: 

Notes: 

IF LAG 
IS CAN 
ANS 

INTEGER *2 variables 

CHARACTER*! variable 

scan code can be used to ignore upper or lower case 
values of the key that was entered since they both have 
the same scan code 

written by B. Leland 5/6/85 

PAGE ,80 

FRAME STRUC 

SAVEDS DW ? ;COPY OF DS REGISTER 
SAVEBP DW ? ;COPY OF BP REGISTER 
RET AD DR DD ? ;4 BYTE RETURN ADDRESS 
CHAR-AD DR DD ? ;4 BYTE LOC OF CHAR 
ISCN-ADDR DD ? ;4 BYTE LOC OF ISCAN 
IFLG-ADDR DD ? ;4 BYTE LOC OF IFLAG 

FRAME ENDS 

DGROUP GROUP DATA 

DATA SEGMENT PUBLIC 'DATA' 
ASSUME DS:DGROUP 

DATA ENDS 
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FINQRE 
FRETRVE 

EQU 1 

EQU 0 
;KEYBOARD INQUIRY MODE 

;RETRIEVE KEYBOARD ENTRY 

MYSEG 

PUBLIC 

SEGMENT 'CODE' 
ASSUME 

IN KEY 

CS:MYSEG,DS:DGROUP,SS:DGROUP 

INKEY PROC FAR 
PUSH BP 
PUSH DS 
MOV BP,SP 

;SAVE BP REGISTER 
;SAVE DS REGISTER 

;POINT BP AT THE FRAME 

MOV 

INT 
JNZ 

MOV 

LES 
MOV 

JMP 

$$IF1: 
MOV 

INT 

LES 

MOV 
MOV 

MOV 

LES 

MOV 
MOV 

LES 

MOV 

DONE: 
POP 

POP 

RET 

AH,FINQRE ;IS THERE DATA TO READ? 
16H ;CALL BIOS KEYBOARD FNCTN 

$$IF1 ;CHECK Z FLAG 
AX,OOOOH ;ZERO OUT AX,NO DATA READY 

BX,[BP].IFLG-ADDR ;LOAD ADDR OF !FLAG 
WORD PTR ES:[BX],AX ;STORE IN ACCUMULATOR 

DONE 

AH,FRETRVE ;DATA AVAIL,RETRIEVE 
16H ;CALL BIOS KEYBOARD FNCTN 

BX,[BP].CHAR-ADDR ;LOAD ADDR OF CHAR 
BYTE PTR ES:[BX],AL ;PUT CHARACTER IN CHAR 
AL,AH 

AH,OOH 
BX,[BP].ISCN_ADDR ;LOAD ADDR OF !SCAN 

WORD PTR ES:[BX],AX ;PUT SCAN CODE IN !SCAN 
AX,1 ;LOAD FLAG VALUE INTO AX 

BX,[BP].IFLG-ADDR ;LOAD ADDR OF !FLAG 
WORD PTR ES:[BX],AX ;TOGGLE !FLAG VALUE TO 1 

DS 

BP 

12 

;RESTORE DS 

;RESTORE BP 
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INKEY ENDP 
MYSEG ENDS 

END 



PAGE 
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Subroutine DISPPRO 
assembler subroutine to display or erase a pixel at 

location IXPLT,IYPLT 

FORTRAN call: 

where 

CALL DISPPRO (IFLAG,IXPLT,IYPLT) 

IFLAG=O erase mode, IFLAG=1 display mode 
IXPLT,IYPLT screen pixel location (INTEGER values only) 

Requirements: 
IF LAG 
IXPLT 
IYPLT 

INTEGER *2 variables 

Written by B. Leland 5/6/85 

Modified by B. Leland 11/1/86 
to run under PROFESSIONAL FORTRAN 

Known bugs: 
Appears to confuse default I/0 writes after call, i.e., 
WRITE(*,*) after displaying points gives PRO FORT 
error 2023 (unit not connected). Can be remedied by 

OPEN (UNIT=2, FILE='CON') 
after points are plotted to write something to screen. 

,80 

FRAME STRUC 

IFLG_ADDR DD ? ;4 BYTE LOC OF FLAG 

XVAL_ADDR DD ? ;4 BYTE LOC OF X VALUE 

YVAL_ADDR DD ? ;4 BYTE LOC OF Y VALUE 

FRAME ENDS 
LA@DIS SEGMENT 'DATA' 

DB 'DISP ' 
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SP_SAVE DW 0 ;COPY OF SP 

DD DISP 

DD 0 

ROW DW ? ;Y VALUE 

COL DW ? ;X VALUE 
LA@DIS ENDS 

FSMODE EQU 0 ;BIOS FUNCTION=SET MODE 

FLOC ATE EQU 2 :BIOS FUNCTION=LOCATE 

FSCROLL EQU 6 ;BIOS FUNCTION=SCROLL 

FWRITE EQU 10 ;BIOS FUNCTION=WRITE CHARACTER 

FPLOT EQU 12 ;BIOS FUNCTION=PLOT POINT 

WHITE EQU 7 ;ATTRIBUTE WHITE ON BLACK 

BLACK EQU 0 ;BLACK ON BLACK BKG-ERASE 

MAXY EQU 199 ;MAX Y OF SCREEN 

BIOSCALL MACRO FUNCTION 

MOV AH,FUNCTION 

INT 10H ;CALL BIOS VIDEO FUNCTION 

ENDM 

PLOT MACRO XVAL,YVAL 

MOV DX,MAXY 

SUB DX,YVAL 

MOV CX,XVAL 

BIOSCALL FPLOT 

ENDM 

P@DIS SEGMENT 'CODE' 

;ASSUMES ATTRIBUTE IN AL, 

;ROW(Y) IN DX, COL(X) IN CX 

ASSUME CS:P@DIS,DS:LA@DIS 

DW SEG LA@DIS 

DISP PROC FAR 

PUBLIC DISP 



$$IF1: 
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MOV AX,LA@DIS 

MOV DS,AX 

MOV SP..SAVE,SP 

LDS 

MOV 
MOV 

LDS 

MOV 

MOV 
LDS 

MOV 

CMP 

JNE 
MOV 

JMP 

MOV 

SI,ES:XVAL..ADDR(BX] ;LOAD ADDR OF XVAL 

AX,(SI] 
COL,AX ;STORE IN COL 
SI,ES:YVAL..ADDR(BX] ;LOAD ADDR OF YVAL 

AX,(SI] 
ROW,AX ;STORE IN ROW 
SI,ES:IFLG_ADDR(BX] ;LOAD ADDR OF !FLAG 

AX,(SI] ;MOVE TO ACCUMULATOR 

AL,O 
$$IF1 

AL,BLACK 

$$ENDIF 

AL,WHITE 

;ERASE OR DRAW MODE? 

$$ENDIF: 

PLOT COL,ROW ;PLOT POINTS 

RET 
DISP ENDP 
P@DIS ENDS 

END 
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Subroutine INKEYPRO 
assembler subroutine to read a key from the keyboard 

FORTRAN call: 

where 
CALL INKEYPRO(IFLAG,ISCAN,IANS) 

IFLAG=O means no key available in keyboard buffer 
IFLAG=1 key is available and was read 
IS CAN=? scan code for the key that was read (integer) 
IANS=? CHAR(IANS) is the character that was read 

Requirements: 

Notes: 

IFLAG INTEGER *2 variables 

IS CAN 
IANS 

scan code can be used to ignore upper or lower case 

values of the key that was entered since they both have 
the same scan code 

Written by B. Leland 5/6/85 
Modified by B. Leland 11/1/86 

to run under PROFESSIONAL FORTRAN 

PAGE ,80 

FRAME STRUC 

IFLG..ADDR DD ? ;4 BYTE LOC OF IFLAG 

ISCN..ADDR DD ? ;4 BYTE LOC OF ISCAN 

IANS..ADDR DD ? ;4 BYTE LOC OF IANS 

FRAME ENDS 
LA@KEY SEGMENT 'DATA' 

DB 'INKEY' 
SP_SAVE DW 0 ;COPY OF SP 

DD IN KEY 

DD 0 

LA@KEY ENDS 



FINQRE 

FRETRVE 
EQU 1 

EQU 0 
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;KEYBOARD INQUIRY MODE 

;RETRIEVE KEYBOARD ENTRY 

P@KEY SEGMENT 'CODE' 

ASSUME CS:P@KEY,DS:LA@KEY 

DW 

IN KEY 

PUBLIC 

MOV 

MOV 

MOV 

MOV 

INT 

JNZ 

MOV 

LDS 

MOV 

JMP 

$$IF1: 

MOV 

INT 

MOV 

LDS 

MOV 

MOV 

MOV 

MOV 

MOV 

LDS 

MOV 

SEG LA@KEY 

PROC FAR 

IN KEY 

AX,LA@KEY 

DS,AX 

SP..SAVE,SP 

AH,l ;IS THERE DATA TO READ? 

16H ;CALL BIOS KEYBOARD FNCTN 

$$IF1 ;CHECK Z FLAG 

AX,OOOOH ;ZERO OUT AX,NO DATA READY 

SI,ES:IFLG..ADDR(BX] ;LOAD ADDR OF IFLAG 

(SI],AX ;SET FLAG=O 

DONE ;FINISHED 

AH,O 

16H 

DX,AX 

;DATA AVAIL,RETRIEVE 

;CALL BIOS KEYBOARD FNCTN 

;AL CONTAINS CHAR CODE 

;AH CONTAINS SCAN CODE 

SI,ES:IANS..ADDR(BX] ;LOAD ADDR OF IANS 

AH,OOH 

(SI],AX 

AX,DX 

AL,AH 

AH,OOH 

;SAVE AL IN IANS 

;RESTORE RESULTS 

SI,ES:ISCN..ADDR(BX] ;LOAD ADDR OF ISCAN 

(SI],AX ;PUT SCAN CODE IN ISCAN 
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MOV AX,1 ;LOAD 1 (DATA READ) INTO ACCUM 
LDS SI,ES:IFLG..ADDR[BX] ;LOAD ADDR OF !FLAG 
MOV [SI],AX ;TOGGLE !FLAG VALUE TO 1 

DONE: 

RET 

INKEY ENDP 
P@KEY ENDS 

END 
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Function STATE 

from Microsoft FORTRAN manual (version 2.00) 

usage: 

LOGICAL*2 STATE 

IF (STATE(IEND,FILENAME)) THEN · · · 

A function designed to mimic the INQUIRE statement 
of conventional FORTRAN 
lEND is an integer variable which is a pointer to 
the last non blank character in FILENAME 
H FILENAME exists and can be opened without error, 
the STATE variable is returned as .TRUE. 

PAGE 

.RADIX 
CHMOD 
GETATTR 
DOSFUNC 
FRAME 
SAVEDS 
SAVEBP 

RET AD DR 
FNADDR 

LEN AD DR 

FRAME 

DATA 
DATA 
DGROUP 

MYSEG 

PUBLIC 

STATE 
·pusH 

,80 
16 
EQU 
EQU 
EQU 
STRUC 
DW 

DW 

DD 
DD 

DD 
ENDS 

43 

0 

21 

? 

? 

? 

? 

? 

;SAVED COPY OF DS REGISTER 
;SAVED COPY OF BP REGISTER 

;4 BYTE RETURN ADDRESS 
;4 BYTE ADDRESS OF FILENAME 

;4 BYTE ADDRESS OF FILENAME LENGTH 

SEGMENT PUBLIC 'DATA' 
ENDS 

GROUP DATA 
SEGMENT 'CODE' 

ASSUME CS:MYSEG,DS:DGROUP,SS:DGROUP 

STATE 
PROC FAR 

BP ;SAVE BP REGISTER 



PUSH 
MOV 

LES 

MOV 

MOV 

MOV 
MOV 
INC 
SUB 
MOV 
MOV 
LDS 

CLD 

REP MOVSB 
MOV 

PUSH 

MOV 

INT 
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DS ;SAVE DS REGISTER 

BP,SP ;POINT BP AT FRAME 

BX,(BP).LENADDR 
;LOAD ADDR OF FILENAME LENGTH 

AX,WORD PTR ES:(BX] 
;LOAD FILENAME LENGTH 

BX,SS ;SETUP ES REGISTER FOR MOVE 

ES,BX 
CX,AX ;SETUP COUNT REGISTER 
AX ;ALLOW ROOM FOR HEX 00 (END CHARACTER) 

SP,AX ;ALLOW ROOM ON STACK FOR FILENAME 
DI,SP ;SETUP DI REGISTER FOR MOVE 
DX,SP ;DX POINTS TO FILENAME ON STACK 
SI,[BP].FNADDR 

;SET DIRECTION FLAG TO INCREMENT 

;MOVE THE STRING 

BYTE PTR ES:[DI],OOH 
;MOVE THE BYTE OF ZEROS 
;INTO PLACE 

AX ;PUT SIZE OF FILENAME ON THE STACK 

AX,(CHMOD*256D)+GETATTR 

;SPECIFY CHMOD FUNCTION AND GET ATTRIB 
DOSFUNC 

JC ERROR ;FOUND AN ERROR JUMP 

MOV AL,l ;NO ERROR, SET AL=l (.TRUE.) 
JMP SHORT NOERROR 

ERROR: 
XOR AL,AL ;ERROR, SET AL=O (.FALSE.) 

NO ERROR: 
POP CX ;GET SIZE OF FILENAME ON THE STACK 
ADD SP,CX ;DEALLOCATE FILENAME ON THE STACK 

POP DS ;RESTORE DS 

POP BP ;RESTORE BP 
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RET 8 ;RETURN AND CLEAN UP STACK 
STATE ENDP 
MYSEG ENDS 

END 
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Subroutine AXES 

assembler subroutine to draw horizontal or vertical (only) 
lines on the screen. . . . . for interfacing with 
FORTRAN programs to allow display capabilities. 
Originally designed for scales, etc. 

Fortran caJl: 
CALL AXES (IFLAG,IXl,IYl,IX2,IY2) 

where 

IFLAG=O erase mode, IFLAG=l draw mode 

Subroutine connects (or erases) IX1,IY2 and IX2,IY2 

where IXl,IYl,IX2,IY2 are INTEGER values of the desired 
screen pixel locations. 

requirements: 

IFLAG,IXl,IYl,IX2,IY2 

written by B. Leland 5/6/85 

PAGE 
FRAME 

SAVEDS 

,80 

STRUC 

DW ? 

SAVEBP DW 

RETADDR DD 
Y2VAL_ADDR DD 

X2VAL_ADDR DD 

YlVAL_ADDR DD 

XlVAL_ADDR DD 
IFLAG..ADDR DD 

? 

? 

? 
? 
? 

? 
? 

ENDS 
GROUP DATA 

FRAME 
DGROUP 

DATA SEGMENT PUBLIC 'DATA' 

ASSUME 

XlVAL 
X2VAL 

DS:DGROUP 

DW ? 
DW . ? 

INTEGER *2 variables 

;COPY OF DS REGISTER 

;COPY OF BP REGISTER 

;4 BYTE RETURN ADDRESS 
;4 BYTE LOC OF Y2 VALUE 

;4 BYTE LOC OF X2 VALUE 

;4 BYTE LOC OF Yl VALUE 
;4 BYTE LOC OF Xl VALUE 
;4 BYTE LOC OF IFLAG VALUE 

;Xl VALUE 
;Yl VALUE 



Y1VAL DW ? 

Y2VAL DW ? 
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;X2 VALUE 

;Y2 VALUE 

DATA ENDS 

MAXVAL EQU 199 ;MAX X OF SCREEN 

FPLOT EQU 12 ;BIOS FUNCTION=PLOT POINT 

WHITE EQU 7 ;ATTRIBUTE WHITE ON BLACK 

BLACK EQU 0 ;ATTRIBUTE BLACK ON BLACK 

PIX..SKP EQU 2 ;PIXEL SKIP FOR HOR LINES 

PLOT MACRO XVAL,YVAL ;ASSUME ATTRIBUTE IN AL, 

MOV DX,MAXVAL ; ROW IN DX, COL IN CX 

SUB DX,YVAL ;INVERT SO 0,0 IN LOWER LEFT 

MOV CX,XVAL 

MOV AH,FPLOT 

INT 10H ;CALL BIOS VIDEO FUNCTION 

ENDM 

MYSEG SEGMENT 'CODE' 

ASSUME CS:MYSEG,DS:DGROUP,SS:DGROUP 

PUBLIC AXES 

AXES PROC 

PUSH 

PUSH 

MOV 

LES 

MOV 

MOV 

LES 

MOV 

MOV 

LES 

FAR 

BP 

DS 

BP,SP 

BX,[BP] .Xl VAL..ADDR 

;SAVE BP REGISTER 

;SAVE DS REGISTER 

;POINT BP AT THE FRAME 

;LOAD ADDR OF X1 

AX,WORD PTR ES:[BX] ;STORE IN XlVAL 

XlVAL,AX 

BX,[BP].X2VAL..ADDR ;LOAD ADDR OF X2 

AX,WORD PTR ES:(BX] ;STORE IN X2VAL 

X2VAL,AX 

BX,[BP] .Yl VAL..ADDR ;LOAD ADDR OF Yl 



$$IF1: 

$$IF2: 
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MOV AX,WORD PTR ES:(BX] 

MOV YlVAL,AX 

LES BX,[BP].Y2VAL..ADDR 
MOV AX,WORD PTR ES:[BX] 
MOV Y2VAL,AX 

MOV AX,Y2VAL 
SUB AX,YlVAL 
CMP AX,O 
$IF E 
JNE $$IF5 

;STORE IN YlVAL 

;LOAD ADDR OF Y2 
;STORE IN Y2VAL 

MOV AX,XlVAL ;HORIZONTAL LINE 

CMP AX,X2VAL 
$IF G 

JNG $$IF1 

MOV BX,X2VAL ;PUT XMIN IN Xl VAL 

MOV XlVAL,BX 
MOV X2VAL,AX 
$END IF 

LES BX,[BP].IFLAG..ADDR ;LOAD ADDR OF !FLAG 

MOV AX,WORD PTR ES:[BX] 

CMP AL,O 

JNE $$IF2 

MOV AL,BLACK ;ERASE MODE 
JMP $$ENDIF2 

MOV AL,WHITE ;DRAW MODE 

$$ENDIF2: 
MOV CX,X2VAL 

SUB CX,XlVAL 

INC ex ;LOAD COUNTER w I X2-Xl+l 
$DO 

$$D06: 

PUSH ex ;SAVE COUNTER 

· PLOT XlVAL,YlVAL 
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ADD X1VAL,PIX_8KP 
POP CX . ;RESTORE COUNTER 

DEC CX. ;BECAUSE WERE SKIPPING 1 PIXEL 
CMP CX,l ;TO COMPENSATE FOR ASPECT RATIO 
JGE $$PASS 

MOV CX,l 
$$PASS: 

MOV AX,X2VAL 

SUB AX,Xl VAL 

CMP 
$IF 

JNE 

AX,O 
E 
$$IF9 

MOV CX,Y2VAL 

SUB CX,YlVAL 

;MAKE SURE WE DON'T MISS ZERO 

;MUST BE VERTICAL 

;PUT YMIN IN Yl VAL 

;DOUBLE CHECK ITS VERTICAL 

INC CX ;LOAD COUNTER W / Y2-Yl+l 
LES BX,[BP].IFLAG_ADDR ;LOAD ADDR OF !FLAG 

MOV AX,WORD PTR ES:[BX] 

CMP AL,O 
JNE $$IF4 
MOV AL,BLACK ;ERASE MODE 

JMP $$ENDIF4 
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$$IF4: MOV AL,WHITE ;DRAW MODE 
$$ENDIF4: 

$DO 
$$DOlO: 

PUSH ex ;SAVE COUNTER 

PLOT XlVAL,YlVAL 
INC YlVAL 

POP ex ;RESTORE COUNTER 

$ENDDO LOOP 
LOOP $$DOlO 
JMP DONE 

$END IF 
$$IF9: 
DONE: 

POP DS ;RESTORE DS 

POP BP ;RESTORE BP 

RET 20 
AXES ENDP 
MYSEG ENDS 

END 


