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Abstract

The kinetics of the electron exchange between 8nlland
8alV in 1040 £ FC1 have been investigated by the use of a
radio~active tracer, It is found that the rate of exchange
is proportional to the product of the 8nll and 9nlV concen-
trations, In the ¥Cl concentration range between 9.0 f and
11,0 £, the exchange rate is found to be proportional to the
0«3 power of the HCl aetivity, giving the empirical rate
equation R = k [8nII] [8nlV] (mc1)0e3,

" Radiowactive exchange experiments earried out at 0° C.
and at 25.2°C. show this exchange to have an activation
energy of 1047 Xeal, per moles The exchange is found to be
homogenequs,

It is found that exposure of the Snil«8nlV solutions
to illuminatign from a capillary Hg are gives a marked photoe
schemical inorease in the rate of electron exchange between
the two valence states,

Preliminary spectrophotometric investigations of cobalt-

glyeine systems also have been made,
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Radiochemical Investigation of the Kinetics
of the Blectron Exchange between the Oxidation States of Tim

Ao Introduction

.It has previously been reported that Snll and snlV
exchange radicactivity moderately slowly in 9 £ hydrochlorie
acid (ljn Knowledge of the kinetics of this exchange should
lead to a logical explanation of the mechanism by which it
takes place, and to a better understanding of oxidation
processes, This knowledge may also give a further indica-
tion of the nature of the complex which ig responsible for
the non-additive absorption of ultrasviolet light (2) by
golut ions in which‘both oxidation states of tin are present,

In view of the existence of noneadditive light absorp-
tion, it would also be of great intetest to determine whether
or not there is a photochemical effect on the rate of exchange
between Snll and SnlIV, especially by wave lengths which are
not absorbed by either valence state alone, but are absorbed
by the mixed solutionse The possibility of such an effect
was sugzested by Dre Horman Davidson at the Brookhaven Confer-
ence of Dec, 1=3, 1948 (3). The existence of auch'a photo=-
chemical effect would show that in the optically excited state
of the complex that is responsible for inter~action absorption
electron exchange can take place with a fairly high probability.

The following report indicates the results of investiga~

tions of the kineties of the radioactive exchange in 1040 2
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#e1 at 25° C., in which the concentrations of SnlV and 8nll
were varied from 0,006 £ to 0,032 £ and 0.009 £ to 0,077 %,
respectively, while the concentration ratios of 8nll to SnlV
varied from 6,65 to 0.27¢ Results are alsc given for exchange
reactions in 9,0 £ BC1 and 11,0 f PCl, these reactions having
been carried out to determine the effeet of variations in the
asid concentration on the reaction rate constant in this con-
gentrat ion ranges Bxchanges were also earried out at 0°C.,
and the activation ensrgy for the exchange computed, The
homogenelty of the reaction was tested by the addisdion of
glass beads to the reaction vessel in specified runs,

The results of an investigation of the photochemical
effect of light from a capillary mercury are upon t ke rate of

radiosactive exchange is also included in this report.

B, Experimental
Radiowaciive tin was obtained from Oak Ridge through

Tracer lab, Inc,, Boston, Mass., and was regelved as CeP.
8nCl4°5 ¥o0s An aluminum absorption curve was made on the
sample as received (Figs 1), and its epeeific activity was
deternined hoth when the sample was received and 90 days later,
as ghecks on t'e purity of the aetivity. The active isotope
ie 80123, which has a halfelife of 105 days, and deeays by
E-electron capture to yield meta-stable .”Igﬁis. Isomerie
transition of the exeited In 13 to the sround state (half=
life of 105 min,) produces 0,39 MRV gamms rays, and it is the

internal-conversion electrons from this 0e39 EEV radiation

that are used in counting.
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The activity was introduced in the stannic state in all exe

periments, Stock SntV solutiens were prepared by dissolving
agtive SnCl,° § To0 in acid of such concentrationto make the final
solutions 10,0 £ in HC1l, BExcept when high concentrations of ac-
tivity were depired, portions of these solutions were mixed with
golutions similarly prepared from Merek reagent grade 3n€14”5
HpOs Sufficient active 301V was used to give a counting rate of
1000 to 2000 counts per minute from the initial precipitates.

- stock Sn*l solutions were prepared by dissolvisg weighed
amounts of Baker and Adamson ryeagent grade tin metal in ¥C1 of
such concentrations as calculated to keep the final selutions
10,0 £ in BCl. These solutions were handled and kept in an
atmosphere of carbon dioxide, Since a small amount of oxlda-
tion generally takes place in the anll selutions even when they
are handled under COp, the Snll concentration and the gnlV
concentration were deternined by analysis during each exchange
experiment, as described below,

Separation of the two oxidation states of tin was accome
plished by the method developed by Browme, that is, by precipe
itating the 5nlV as CepSnClg, leaving the Sall in solution,

The general procedure for an exchange experiment was to
bring both the Sni¥ and 8nlV gelutions to constant temperature
in a bath thermostated at 25,2+ 0,1°C., the 8nil solution
being in the reaction flask, which was a 129 ml. Evlenmeyer
flask fitted with a side arm through which COp could be
passed whenever the flask was opened, The Snzv solution,
containing the radio-active tracer, was then pipetted into
the reaction vessele In some experiments, inactive snlV
was previously mixed with the 8nll golution, so that only part
of the 3nlV, containing all of the activity, was pipetted into
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the mixture, The veassel was shaken during the mixing, and the
time of mixing was taken as the time that one~half of the SnlV
éeiuﬁian had been added, The mixing generally reguired about
15 seconds, Samples were removed from the reaet ion mixture ab
roughly eoual time intervals, such that generally five samples
. were obtained in which the expected degres of exchange was
petween 8 and 80 per eent, These sarples were pipetted into
weighed centrifuge concs, and the 8alV precipitated by adding
a solution of 0,150 £ CsCl in 10 f WCl. These steps were, of
gourse, carried out in an atmosphere of C0p to prevent oxida-
tion of 8nil by atmospreric oxygen, The time of precipitation
of Cep8nClg was taken as the time of ending ef radio-active
exchange,

The centrifuge cones were stoppered and the Cs,8nCly was
centrifuged out, washed with 1 ml, of conce, HC1, dried for
about 8 hours at 98°C., and weighed, The weighing served as a
cheek against 8nll oxidation during the reaction and gave a
direet analysis of the gnlV concentration in the resction
mixture, The Cs2SnCls was then dissolved in 5 ml. of 0.5 £
oxalie avid solution, and its astivity measured ina Radiation
Counter Laboratories Mark 1, Model 70 jacketed solution counter.

The rate of exchange was determined by measuring the
decrease in aetivity of the SnIV with time., The final activity
of 3n1v was measured from a pample preeipitated after the ex«
change had run to completion., The initial ahtivity was elther
measured from CspB8nClg precipitated frem a portion of the une
mixed 8niV solution equivalent to the amount in eagch sample

taken from the mixture, or caleculated from the final activity
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of SniV and the concentrations of anll and salV in twe mixe
ture, since ibe initial activity of snlV is equal to the final
getivity times the ratio of the total tin concentration in Lhre
mixture Lo the concentiration of 8ndiV, In exchanges for which
the inltial activily of #n’V was measured, the weasured aclive
ity varied from the calculated initial activity by 0.5 to 8.87%,
with an averave diffevence of 4.% in sevesn exchanzes, Using
the different values for the initial aetivity appreeiably
ehanzes the awount of apparenl "iaduced® exchange, dbut dees not
affect the slope of the lines plotted as described below, and
therefore has no effect on the determination of the exchange
ratee The totai tin councentraticn in the nmixture was deterw
wined by oxidizing a3 measured sample wilh chlorine gas and
determining the tin gravimetrically as 0328n01ﬁ. The concentras-
tion of ®nd in the mixture is then obtained by subtracting the
ﬁnzv) frow the total tin concentrat ion,

The saue general procedure was followed for radio-active
exchanges ai zerce degrees, the solutions being immersed in an
ice vaih. ‘?0 test for vossivle surface effects on the walls of
the reaction vessel, reactions were carried out in a vessel
filled with 6 mm glass neads, increasing the surface areag in
conbtact with the soluation nove than ten fold,

To determine whether the radio~active exchangze. rate is
affected by ordinary daylighkt or normal laboratory lighiing,
exchange reactions were carried out with two similar solutions,
one of which was exposed to normal laboratory lighting and the
other kept ian the dark duriug the exchange. Photochenical

effects on the exchange rate were then investigated by exposing
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the mixed solutions to the radiation of a eapillary merecury arc
of the type designed by Weidt and Daniels (4). This type of
arc was used because of the high light intens ity that can be
trus attained, and the arc operated at aboul 450 wattis. In
this investigation, the pgeneral method was the same as that
previously used, although the procedure was considerably modi-
fied, Jce water was cireculated over the mereury arc and
through a small bath surrounding the are, in which the reaction
tube was to be placed, The temperature was kept at as near
gero degrees as possible, in order to minimize the thermal
exchange, One~half mle portions of radiceactive 8niV golutions
were pipetted into 10 ml, pyrex test tubes containing 0.50 ml,
of 3nll solution, and the stoppered tube placed beside the
mercury arc for various periods of times Both seolutions were
in 10,0 £ 7C1, and were cooled to zero degrees before mixing.
The exchange was stopped by precipitation of Csy8aClyg in the
usugl manner,s Such tubes were mixed and illuminated one ai a
time, and the tube was 8¢ placed against the jacket surrounding
the arc that the reaction mixture was directly opposite and
parallel with the arc, with its center about 1.5 cme awaye

I ghould like to mention that in current experiments,
designed to determine if the photochemical effect on the
exchange rate is due to light absorbed by the inter-action
complex {2), and to estimate the quantun yield of this photo-
chemical exchange, a Corning Glass #5860 light filter is
inserted between the arc and the reactionm tube, and the inten-
sity of the radiation passing the filter is estimated by the

use of an uranyl oxalate-oxalic acid actinométer. The #5860
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fi;ter transnits wave lengths vetween 320 and 390 millimicrons,
and is found to have a maximum transmission of 25% at about 363
millimierons, Charles I, Browne has shown (1) that Snll solu-
tions in 9 £ HC1 do not absorb light of wave lengtus greater
than 360 millimicrons, and SnlV does not absorb above 330 milli-
microns, but solutions containing both valence states show
strong interaction absorption at 365 mill imicrons. Fesrtkis

Forxr

this reascn, it is desirable to isclate the 365063 Angstrom
mercury radiation, and study its effect on the exchange rate,
The light filter transmits 25% of this radiation and part of
the neighbéring continuum, whieh is found to be about 187 as
intense as the 3650 A, emission. In estimating the intensity
of the transmitted light, the concentrations of Snl¥-gnlV golue
tions and of the U0,004 solution used as an actinometer are
adjuatéd g0 that the extinction coefficients of the two solu-
tions are nearly identical at the wave lengths transmitted by
the filter, as determined by a Beckmann Model IU Spectrophotos
meter, One ml, of the UOy0y04 solution is pipetted into a

tube similar to those used for the 5nll-8nlV exchange reaction,
placed in the same position by the are, and exposed for similar
periode of time, The amount of oxalate decomposed is deter-
mined by KMnQ4 titration, and, assuming a ocuantum yield of 50
(5), the amount of light absorbed is thus obimined, Since the
8nllesnlV exchanze solutions have the same extinection coeffi-
cient, they avsorb a similar guantity of light, and the gquantum
yieléd of the photochemical Sull-8nlV exchsnse csn be estimated

from the measured exchange rate minus the thermal exchange rate,
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phe temperature of the illuminated gn II.snlVgglations ig
meaaured by meanes of & chromelealumel thermocouple,

Anslytical, _

Gravimetric determinations of SnlV concenirations ase
Cse8nClg proved to be reproducible to 0e3% or less, Use of
two different known execese amounts of €sCl solution to precip-
itate the tin from standard solutione of snl¥ in 10 £ mC1,
prepared by dissolving weighed gquantities of Baker and adamson
reagent grade tin metal in WC1 and oxidizing the tin to sSnlV
with chlorine, yielded weighis of CapSnClg which indicatc thal
t¢he aolubility preduet {5miV) {ca+)2 is 305 x 10~% woles® 1iter™3,
Radiochenical measurement of the ¥ of activity, and thus the %
of &niv, left in molution after precipitation of marked salV
from 10 £ BC1 confirmed the calculated concentration of sniV
in the supernatant liguid, The value L = 3¢5 x 10“& was
consequently used in all analyses of 8alV to compute the amcunt
of 8nd¥ left in solut ion, and the corrections thus added to the
analysis varied from 0,0 to 1,34 of the 8nlV precipitated,
Keasurenents of total tin in solution were thus accurate to
Oeldfe
| Because of the oxidation of small and varying amounts of
8all tb gnlV during pipetting and cemtrifuget ion, individual
values for SnlV concentration varied as much as 5 or 107 iu
solutions of low SalV concentration and relatively high snll
censeﬁtratiang Part of thie variation may be due to differing
amounts of coeprecipitation of Snll wit» the Cs858nClgs Titrae

tion of samples from 8Snli-gnliV miztures of concentrations



w0} -
gimilar to those used in the exchange reactions, using standard
jodine solution, and titration of similar samples after precipe
itation of the snlV ag Csp8nClg, showed a reduction in Bnil
concentration of as much as 2,5 to 6 Z¢ An amount of Snll
eéual to 30 to 70 £ of this reduct ion in titer could ke oxi-
dized by ilodine from & suspension of the CepBnClg, proving that
part of this reduction is due to cosprecipitation of Snll, fThe
remainder of the reduction is titer may be due to oxidation of
gnil to 8nIV quring manipulations Cowpreeipitation of snll is
a major source of error both in determinations of the sniV
concentration and in the exchange rates measmursmenis, Calcula~
tione in whieh all the reduction in Suil titer i- considered
due to cowprecipitation, and the amount of cosprecipitation is
assumed to be constant under the same precipitation econditions,
show that the maximum error introduced by this souree in the
determinat ion of exchange rate is generaily less than 5 4. At
least five analyses for 8ulV were obtained during esch exchange
reaction, and even the lowest values of sniV concentration are
accurate to about 3 4. Values of Sn'l conceatrating are genere
aliy accurate to withinm 1 %, MC! concentyation: are sceurate
te within 1,5 %,

Radioasaay.

All samples were counted to a minimam of 10,000 counts,
giving an expected standard deviation of 1 %,

It is intervesting to note that the activity of the super-
natant liquid, and its rate of decay, measured ilmmediately
after precipitation of CeplnlCly, shouad.that at least 97 4 of
the In *13 gomprecipitated with the Sn. Therefore, it is not
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necessary to wait a great length of time for the establishment
of eguilibrium between Sn113 and 1&*113, and no erroy is intro.
¢uced by measuring the activity of the precipitates immediately
after dryinge

The teghnique of dissolving the radio«active precipitates
and measuring thedr activity in a Jucketed solut ion counter has
been found te give good reproducibility, and eliminates mény of
the ceunting ervers encountered with solid substances, Dissolv-
ing similarly prepared radio-active Csp8nClg precipitates, and
counting each sclution to a standard deviation of less than 0,57,
gave values for the different solutions that were well within
the expeoted counting deviation, |

Since the exchange rate was determined by measuring the
fncrease in astivity of sniv. the error, due to the error of
radicassay, iua the exchange rate constant is least at high gnil
4o 28V concentration ratios {6)s This error was minimized,
whea other requirements of the experiment permitted, by keeping
t¥is ratio high and by taking all samples when the exchange was

iy

between O and 80 ¥ complete.

Cs Data 9 Figures, 1 Table, } Log of a Reaection
Log of a typical exchsnge reaction,
Exehange VI
15 mle of 0.0494 £ marked 5n1V aglution added to 60 ml,
of 8nll solution, 0.0986 £ in Sn, {In tio expcriment, the
total tin eoncentration in eseh soliutlon wse deternmined gravie
metrically as CapSnlig hefore the solutions were mixad,)

Total tin eone, in mixture 15 xf;ﬁ&@é + 80 x7;u986 . ,0888 ¢
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gemoved 10 ml, aliquots, precipitated snlV with 3,0 ml, of

0,150 £ CsCl solution.

initial activitys 2.0 mle (15 /745) of 20494 £ sniV solution
plus 8 ml, 10 £ HCl, precipitated with 3,0 ml, CsCl solution.
Activity from this precipitate(X,) = 1654 counts per uin,

gample Reaction time Wte of ppte Activity
- | pers 0686

1 302 min 00692 gme 1414 c/min e 332 «080
2 648 min 20897 gme 1244 c/min 0712 0147
3 12,3 min 0684 gm. 990 ¢/min 0532 0274
4 19,7 min 20679 gme 770 ¢ /min 0376 o424
5 2740 min 00682 gm, 612 c¢/min. 0265 | 6576
8 . 12 hours 00874 gm, 236 ¢ fmin -0

Wte Cep8nClg left in solution (Kgp 8 3:5 x 10"8) 8 ,00Q7 gnme

(enlV) in mixture (a) = .0686 + ,0007
0597 % 10

(8nT ) in mixture (b) = (0888 — ,0116 = ,0772 £

= L0116 £

Plotting «log (1~D) vs, reaction time gives a line of
Slﬁpe ™ 0215 o

4

ab

Exchanze rate constant R & 2303 slope x S

1

= 4,99 % 10

!'1’15

moles liter — mi

Reaction rate constant k & oy = 2303 slope = 0,557
a

Ao

113, 1,%113 radiat ions,

Pige 1 Aluminum absorption curve of S8n

Fige 2 Rate of exchange in 10.0 f FCl at 25°Cey
(sn®V) = j0311 g ; (8n3ly = (0085 g

Fig. 3 Rate of exchange in 10,0 f HCl at 25 Ce
| (sni¥) = o116 £, (snld) = co772 £
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Fige ¢ Rate of exchange in presence of glass beads; 10,0 £
HCIL 5 259 3
(5niV) = 0072 £ 5 (Sn1I) = ,0389 £
Fige 5 Bxchange rate in daylight (A) and in dark (B);
10,0 £3 HCL3
(8nV) = (0065 £ 5 (sntl) = ,0382 g
Fige 6 Exchange rate at 0°C, 10,0 f ¥C1 3
(snlV) = ,0108 £ 5 (snll) = 0969 £
Fig. 7 BExchange rate in 9.0 f HCl 3 259, 3
(snlV) » ,0063 £ ; (Snll) = ,0286 £
Fige 8 =Exchange rate in 11,0 £ HC1 ; 259, ;
(8nlV) = ,0061 £ ; (snll) = L0238 £
Fige 9 Thermal plus photochemical exchange rate; cao 5%Ce
(endV) = ,0556 £ | (8nil) = 40900 ;

Table 1
Exchange " gt R

Designation {snl¥) (snll) R/ab
{Varying atb ratio)

11 20102 +0093 .58

113 0103 e 0292 048

1v .0323 «0270 054

v ' «0311 00085 57

V1 40116 L0772 56
(Subdued light)

X (1ight) ° 00645 +0382 53

XI (dark) 000645 +0382 053
{Glass beads in vessel )

X11 20055 0 0294 49

XV ,00718 » 0389 56



613«

TABIE 1 (Continued)

pésigastisn (5n1V) (slhy  m/ab
{Zero degrees C.) |

X111 +0108 <0569 +104
fEffeet of ¥C1 conc,)

X1v (9 £) 400633 4029 .37,

v (11 £)  .0080g <0288 +72g
(Photochemical plus thermal)

XVII 0556 L0900 2420

Ds Besults and Conelusions

The aluminom absorption curve of the sntl3s 1n™113 radiae
tiens (Pige. 1) ghows a sharp break at a thickness of 101 mg /em®,
coryespending to an electron energy of 0.364 MEV (7). This is
in agreement with the energy of internal conversion electrons
from 0,390 MEV (8) gamma radiation produced by the isomerie
transition of In Y13, which would have an energy of 0,362 MEV.
No definite break in the eurve is observed to ecorrespond to the
04085 MEV radiation of Snlld, There was no indication of the
presenee of foreign activities in the sample.

The exponential exchange law (9,10) for the SniVegnll
exchange, expressed in ite logarithmic form, is

=1ln {1-D) » R {a+Db) +
) ,.,L.M_L %

¥

in which L is the degree of exchsage, ov fractional exchange,
at time t; E is the rate of exchange, a functiocn of a, b, and
temperature, aud s coustant fov a given sst of conditions;

& and b are the concentrstions of SnlV and snlX, respectively,
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‘13 gram atoms per liter ;and t iz the reaction time, 8ince the
gniV¥ initislly sentained all the activity, the degree of non-
axehange; {1-D), may be obtained from the specific activities
(X) of 8nlV at reaction times zero (Xo), infinity (Xgo), anmd t

{Xy), since Xy » Xog

YL T) .
(1*‘}‘) Ao = XO@ .

The rate of exchange, R, may be obtained from plots of
«ln (1eD) vs. §, since the sliope of the line produced is equal
to R {a+b)/sbs The slope ie deteruined from the graphs, a
and b are detevmined by snalysis, and B calculated in gram
stoms per liter per minute.

It 45 seen from Bxchanges 1I, I11i, IV, V, and VI, Table 1,
thet exchange rstew after varying both g and b give values of
lgjgg‘which aye nearly constants It is therefore coneluded that
the rete of reaction is proportional to the first power of both
the SulV concentration and the 8nll concentration; l.e., the
reastion in 10 f PC1 is sacond asrder, and R ® X ab, The average
experimental valus of the reaction rate constant X in 10,0 £ el
is 0,55 liter mole™® min"l, Variations in this value are be=
1iovad %0 he largely due to emsll varistions in 9¢1 concentra=
tion, thess soncentrat loas being securate to only about 1,5 %

The rate of sxghange is found %o be independent of the
surface area in contaet wiith the solulions {(XI1 and ¥VI, Table
1)s Extrapolation to time t 3 C of the graphs for exchanges in
which glass beads were present showed, however, on zitnormally
large amount of *induced® exchange, Similsr exteazciztion of
other exchanges showed widely varying aand eatirsly non-

- reprodueikls amcunts of *induced® exchange, varying from 0,04
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in ascme exchanges to as high as 23 % (Pig. 5)s The two reac-
tions in which glass beads were present showed “induced®
exehanges of 38 % and 27 4. Since no "induced® exehange is
ohserved in several instances, and the value dees not vary for
the diffarent precipitates of a single run, thie exchange is
net believed to be a result of the precipitation methed, As
mentioned earlier in this repori, the amount of apparent
®induend® exehange is dependent upon the msthed of determining
the initial activity of SnlV, but the large amount of apparent
rapid partisl exchange that is sometimes ohserved camnot 2ll be
accounted for on this basis, The same curve would be oblained
if a cextalin smount of exchange were tc take place at the time
of mixing the solutions, perhaps brought azbout by surface
effects on the vessel walls, In some reactions in which
®*induced® exchange was observed, however, the initiel solution
contained both Snll and SnlV vefore addition of the marked snlV,
and rapid exchange on the vessel walls at the time of mixing
seems quite unlikely, The slope ef the plotted lires, and
therefore the measurement of the rate of exchancge, is not
affected by the "induced" exchange, however, and ne ervor is
thus introduced in the rate meagurements,

At 0%C., R/ab wae feound to be 0,104, giving an setivation
energy of 10,7 Keal, per mole for the exschange reacticn, The
somplete Arrheniuas eouation is them

k= 3-8310? e*10,700 fRT , when ¥ is expressed in liter mo1™~1
min*l,

It 48 found from exchanges in 9, 10, and i1 £ RC1 (Table

1, Piges 7,8), that, in t-is concentration range, the reaction
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rate constant, &/ab, is proportional to the 0.3 power of the
HC1 activity, This value is obtained from thre ratios of the
partial vaper pressures of HCl at the three concentrations,
given by the I.C.Te, on the assumption that the activities of
¥c)l are unaffected by the small amounts of tin present, The
empirieal rate equation for the electron exchange reaction is,
then, & = k a b (nc1) 9*3, It will ve noted that the exchange
rate varies as approximately the third power of the HC1 gon=-
eentrations |
Although the exchange rate does not vary with the first
power of the WC1 aectivity, I should like t¢ mention g poseible
mechanism by which a symmetrical complex of Snil¥gnlV may be
formed, irom which either nucleus may emerge aa.SnII. Because
of the formation of such substances as CspSnClg, it may be
assumed that the 5ni¥ exists in solution mostly as snels' ious,
with eix octahedral bonds formed by the 8n’' (11). 8nlV nas
no electrons remaining/%ge 0% ghell, and could use hybridized
585P3542 orbitals (1) in forming these bonds. If we now
assume that the snil exists mostly as SnCly", and, in an
excited state of this ion, the two ®0%" electrons effectively
oceupy a 5p orbital rather than the more stable 5s orbital,
the 585p25d orbitals could possibly be hybridized to give s
Bauare plangr configuration to the four Sn-~Cl bonds, Collision
of the octahedral SnCl," and planar SnCl,” could form, together
with a single C17 ion from the WCl solution, a symmetrical

arrangement in which electron exchange may ocours
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Such a mechanism would be in apreement with the rate equation
RS% X ab {¥C1l),

A photochemical increase in the exchange rate ﬁay be due
to the acsorption of photons by the snll to form the planar
sacl4g ion, which we have already assumed to be an excited
state. The photon absorption also might ocecur at the time
of the collision, or after coliision, yielding, in the complex,
the excited state necessary for the transfer of electrons, If
a photochemical effeect on the exchange rate is observed for
wave lengths that are absorbed by SnlV-gnll mixtures, but not
by Snil alone, the latter possibility would be indicated., If
a protochemical effect is observed only with wave lengths that
are absorbed by SnII. a mechanism such as that first suuzsested

‘would seem logical,

Although the rate of exchange is not appreciably affected
by exposure or non-exposure to daylight (Fig. 5) a marked
photochemical effect on the rate of exchange has been observed
by illumination with a mercury arc (Table 1, Fige 9)e

Current experiments indicate that light absorbed by the
inter-action complex and not absorbed by snil or nlV alone

does increase the rate of electron exchanges These results
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are of a preliminary nature, however, and final conclusions

concerning the existence of this effect and the quantum yield

it produces have not yet been drawn.
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Il
spectrophotometric Investigations of Cobalt=Glycine Systems

As Introduction

Humerous investigators have studied or mentioned the
formation of complexes of certain metallic ions with amino-
acids and dipeptides (12,13,14,15,16}, Since these metallic
jons are present in many proteyolytic enzymes, and knowledge
of the mechanism by which these enzymes function is of such
great importance in widerstanding physiolo ical reactions, more
carefu) phrysico-chemical investigations to determine the exact
nature of the metaleamino~acid complexes are highly desirable.

The following is a report of spectrophotometric investi-
gations of cobalteglycine complexes formed in the presence and
in the absence of oxygen, with determinations of the effeet of
changes in p¥, A determination of the stability coanstant of
the complex formed in solution cantaiuing excess cobalt ions,
made by the method of Bjerrum, is alsc reporteds These invese
tigations are of a preliminary nature only, and were undertaken
when a delay in receiving a shipment of radicactive tin intere
rupted the investigations that are described in the main part

of this report,

Bs Experimental

The spectrophotometric measurements were made with a
Beckmann Model DU Spectrophotometer and Corex cells of ten
millimeter light path, The blank cells contained distilled
water or solutions of composition similar to that of the

Bolut jon being investigated, but lacking the absorbing solute,
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Readings of optical density were made generally at wave
length intervals of ten millimicrons, In the investigations
of effect of exposure to oxygem, no effort was made to control
the ionic strength of the solutions. In all other investiga~
tions, the ionic strength was kept at 4= 1 with sodium per-
chlorate, and the solutions were mixed and kept in an atmos-
phere of argon gas to minimize oxidation. pF measurements
were made with a Beckmann lodel G glass-electrode pH meter,

Cobaltous solutions were prepared by dissolving weighed
guantities of Mereck reagent grade CG(NO3)2'6 Ho0 in water; and
}diluting to the'desired concentrat ions Glyeine solutions were
prebared in a sinilar manner, using Herck N.F. amino-acetic
acid, which was shown to be free of c¢hlorides, Since these
observations were meant to be of a preliminary nature; morev
accurate analyses of the golutions used were not mades; in
determining the (CoG)" stability constant, a solution ini-
.tially containing 6,10 £ Co** and 0.05vf glycine was titrated
under argon with 0495 f NaOH, the pH being recorded from the

glass~electrode pH meter after each addition of 0.5 cce of base,

Cs Data (Two figures) _

Figure 18. Effect of exposure to oxygen on the speectrum of
cobalteglycine at pH 9.6.
I. 04116 £ glyeine 5 0,058 £ KOW,
I, 0,010 f Co**,

111, 0,010 £ Co**30,116 £ glycine ; 0,058 £ KOH . Unoxidized.

IVe Solution III exposed to air four hours,
Ve Solution III exposed to oxygen gas (slowly bubbling)

for twenty~four hours.
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pigure I/ huffeet of pH ou cobalt-glycine solutions.
I, 0.010 £ Co™, |

11, 0,010 f Co**; 0,10 f glycines 0.19 £ VC1 (pW = 2,28)
1II, 0.010f Co*™ ; 0,125 f ¢lycine, (pF = 4,68
IVe 04010 £ Co** ; 0,10 £ glycine;0,02 £ NaOF (pH ® 7.27)

Ve 0,020 £ Co*™ 3 0,10 £ glyeine ;0,04 £ NaOF (pH = 9423)
Vie 06010 £ Co** ; 0410 £ glycine 30,10 f_KaOW (pH 2 11.0)

(NaCl04 in all solutions to maintain ionic streagih of oney)

Ds Results and Conclusiong

One of the purposes of the investigations in the absence
of oxygen was to determine whether the cobalious ion itself
complexes with glycine, or if the complexes which were previous-
ly observed actually involve oxidation of the eobalt to the
cobaltic states It is seen from Figure 1 that, at pH 9.6, the
gobaltous dion forms a ccﬁplex with glyeine which has én absorp-
tion maximum at 500 mu Slow oxidation takes place in the
presence of oxygen, causing the opticai’density to increase at
all visible wave lengths, The optical density increases most
rapidly in the wave length region between 340 and 420 mu, an-
other maximum developing at 370 mu This increased absorption
may be due not only to the formation of cobaltic complexes, but
also to the formation of decomposition products of glycine, for
addition of BaCly solution to the oxidized mixture showed appre-
ciable quantities of carbonate to be péesent. It is probable
that covalt ions catalyze the oxidative decomposition of glyeine,

just as they have been observed to catalyze the oxidation of
poly=hydroxy compounds such as mannitol (17)e A very slight
decrease in pH was observed in the solution as oxidation

pProgressed,
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In atrcngly acid solution the spectra of ecobalt-glycine
mixtures were found to be identical with that of cobalt alone
at the same concentration. Only a slight variation from this
1ine was observed for a mixture of agueous cobalious solution
and giyeine solution to which neither acid nor base had heen
added, but some complex~formation is indicated in this case
by the decrease in pF below that of either component when the
two solutions are mixed, Decrease in pH upon complex forma-
tion i3 brought about by reactions such as Co**+ c¥*w=Coc* + '
and Co™ + 2 6* T=CoGy+2 ¥, More strongly absorbing
cobalteglycine complexes are formsd only in neutral or alkaline
solutions, The spectrum of cobalt=glycine mixture at pH 11,0
{Fige 2) is nearly identical with that of partially oxidized
solutions at a lower pH (Fige 1), even though the solutions
were mixed under argon and the delermination of the spectrum
began immediately thereafter, Oxidation takes place much more
rapidly in strongiy alkaline selution,

Exposure to oﬁygen does not affect the specira of strongly
acid mixtures,

The determination of the stability constant of the cobalte
glyeine complex formed in soiution containing excess cobalt was
the veginning of an effort to establish the exact composition
of the complex or complexes that ére formed under different
condit ions,. The pH of the solution was plotted azainst the
volume of NaOF solution added, giving a line of nearly uniform
slope from pH 5.0 to pH 7.2, above which cobaltous hydroxide
began to precipitate, and below which the incre.se in p¥ was

mich more rapide An amount of NaQW equivalent to about 9%
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of the glyeine present was required to bring the pH up to 5.0.
Analysis of this data on the assumption that in excess cobalt
only the complex with one glycine molecule per cobalt atom is

formed, that is, Co™*+a* ===cCo**e~™ + H*, leads to a con-

gtant valﬁe of 4,83 for PKy, where Ky = “%ﬂ+} {CQ++$)‘ over the
G ( Q#O

pH range from 5 to 7, This value is accurate only within about
5 %, since the concentrations of the solutions used were not
known to much greater accuracy than this. Attempts to inter-
pret the data on the basis of twe glycine molecules combining
with each Co*? d%dgnot give constant values for PEo (PEp = 2 pH -

/
2 log {CoG2) e The constant value of pKj indicates
(Co* ) 1 (G%)

that Co*tG~ is the only complex formed under these conditions,

Further work along these lines would yield desirable
information, Sueh work may over-lap that proposed by Nellor
and Maley (18).
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