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ABSTRACT 

Using3-hexyne, the method of Lucas and Pressman (1) 

for determining acetylenic hydrocarbons by bromlnat1on wit;h 

a mercuric salt catalyst in the absence of light and oxygen 

was studied in detail. Determinations of 3-hexyne in carbon 

tetra.chloride solution yielded a two-phase system of consider

able complexity, the rate of b1"omination be:i.ng dependent upon 

several factors. F'rom 99 to 102% of the 3-hexyne taken was 

found in numerous runs, the average deviation being usually 

less , than 1%. Determination of 3 .. hexyne in aqueous solutions 

yielded a mo1 .. e simple system but gave the same resu1 ts if 

oxygen was excluded from the solutions. The nature of the 

oxygen interference was not established. Some evidence indi

cates that the process involved is not true bromination, but 

rather some more complicated reaction-. 
1 

It was found by a. distribution method that 3-hexyne 

complexes with silver ion in aqueous solutions, but does not 

complex with bipositive cadmium, copper, nickel, cobalt, or 

zinc ions. A rapid reaction with mercuric salts precluded 

any conclusion a.bout complexing. ThE; evidence for cuprous 

chloride or for cuprous ion is inconclusive, but no complexing 

is indicated. Two silver ions complex stepwise with one mole

cule of 3-hexyne, the argentation constants being 19.1 and 

o.22 respectively. The interaction is much weaker than that 

of olefins, but severe.I times stronger than that of the aro ... 

me.tic hydrocarbons. 



TABLE OP CON'r:f.rnTs 

Part Title 

INTRODUCTORY REMARKS 

I DETERMI NA'rION OF AN ACETYI.,ENI C H't'DROCARBON 
(3-Hexyne) I N CARBON TRTRACHLORIDE AND I N 
AQUEOUS SOLU 'J~ION 

A. Historical. Survey of Possible Methods 

Page 

1 

2 

B. Bromlnation of the Carbon-carbon Triple Bond 3 

C. Determina.tion of 3-Hexyne in Carbon Tetra.-

chloride Solution 

1. Materials and Solutions (For All of 

Pa.rt I) 

2. Procedure for Analysis 

a. Known Solutions 

b. Samples for Analysis ~. 

c. Procedure F-03 

d. Procedure F-04 

e. Nitrogen System 

3. Hesults of Determlnation of 0.02 to 

0.2 Milliequivalents 

Effect of: 

a. Time of Bromination 

b. Bromide/brornate Mole Ratio; Addition 

of Chloride Ion 

c. Acetic Acid 

d. Excess of Bromine 

7 

8 

13 

ll+ 

14 

17 

17 

19 

20 

20 

21 

25 



Pa.rt 

I 

Title 

c. e. Volume of Carbon Tetra.chloride Phase 

f. Volu..~e of Aqueous Phase 

g. Sulfuric .Acid 

h. Catalyst Salt 

Page 

25 

25 

29 

29 

• 4 .. Results of Determination of 0.2 to 1.5 

Milliequivalents 32 

5. Determination of 1,1, 1,l,1.,!i.,l1--hexafluoro-

butyne-2 38 

D. Determination of 3-Hexyne in Aqueous 

Solution 39 

1. Preparation of Known Solutions ltO 

2. Procedure for Analysis. Procedure E-07 46 

3. Results 

a. Preliminary. Ho Precautions 'l'aken 

Against Oxygen 

b. Oxygen-free Conditions 

E. Recovery of Products in Bromination from 

Analyses of 3-Hexyne in Carbon Tetrachloride 

Solutions 

:w . Solubility of J-He.xyne in Water and in 1.00 N 

47 

57 

63 

Aqueous Potassium Nitrate 64 

G. Discusslon of Results 

1. Applicability of method 66 

2. Reactions Involved 66 

J. Factors Influencing Anal yses of Samples 

in Carbon Tetrachloride Solution 68 



Part 

I 

Title 

4. Factors Influencing Analyses of Samples 

in Aqueous Solution 

5,. _Accuracy and Precision of Method 

n. Heferences. No.•s l through 53 

{ See page /J'T .for Nots 514- through 87) 

Page 

73 

73 

76 

II COMPLEX F'ORiAATION BY nrn: CAH BON-CAHFO N TH I PLE BOND 

A. Introduction 80 

B. Historical 

1. Olefin Complexes 

2. Aromatic Complexes 

3. Alkyne Complexes 

C. Preliminary Considerations 

D. Experimental 

1. Materials 89 

2. Notation 90 

3. Preliminary Distributions 92 

l.~. Apparatus for Oxygen-Free Distributions 93 

5. Procedure s-02. Preparation of Oxygen-

Free Aqueous Solutions 102 

6. Procedure G-01. Distribution of an 

Alkyne between Carbon Tetrachloride 

and Aqueous Solution under Oxygen-li'ree 

Conditions 103 



Pa.rt 

II 

Title 

E,. Results 

1. Pr~elimlnary Distributions of 3-Hexyne 

2. Distributions of 3-Hexyne under Oxygen-

free Conditions 

a. Distributions Where Analyses of' Carbon 

Tetrachloride Phase Were Imperfect 

b. Distributions with Satisfactory 

Material Balance 

3. First and Second Argentation Constants 

of 3-Hexyne 

4., Heverslbility of Complexing 

S. Effect of Ionic Strength on Distribution 

Coefficient and 1\rgentation Constant 

6. Att emp ted Distributions with Mercuric 

Salts 

F~ Discussion of Results 

1. Complex Forrna.tion of the Carbon-Carbon 

Triple Bond with Silver Ions 

2. Interactions of Other Metallic Ions with 

the Carbon-Carbon Triple Bond 

3 . , Future Stµdy 

G •. References 

{No .. 1 s 54 through 87) 

:PHOPO.SITIONS 

Page 

106 

106 

112 

118 

122 

124 

125 

133 

134 
135 

137 



-1-

I NTHOD0C'l'ORY HEMAHKS 

The researoh reported in this thesis is recorded 

in Work Books No.ts 17/.\., 256, 207, 232 and 333 of the Gates 

and Crellin Laboratories of Chemistry, California Institute 

of Technology. Th e work book pages were numbered serially 

through the sequence of books given above. Experiment 

numbers are th.e number of the first page on which any data 

for that experiment ls recorded. 

Attention is invited to the assumptions made in 
. • > 

calculating thf? nominal total volumes in Part I, and to 

the definition of "oxygen-free" a.s used in Parts I and II. 
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PART I 

DETHRMINATION OF AN ACE'I'YL ENI a HYDROCARBON ( 3-Hexyne) 

IN CARBOL'T Tii;;ll'RACHLORIDEl AND IN A(olUEOUS SOLU'rION 

A. HISTORICAL. SURVEY OF POSSIBL E; METHODS. 

In distribution studies of 3-hexyne (see Part II) 

it was necessary to determine the concentrations present in 

both carbon tetrachloride and e.queous phases. The study of 

the analytical method divides itself into two sections ac

cording to the medium in which the 3-hexyne was dissolved. 

The following general considerations apply to both sections: 

As a method for the determination of 3-hexyne, the 

use of the spectrophotometer was considered, but was not 
1 

attempted because the very low wave le.ngth at wh ich the 

carbon-carbon triple bond frequency occurs, about 1700 i, 

was below the range of the a.ve.ilable instrument. Among the 

chemical methods considered were bromination, ketal forma

tion, the • Ka.rl Fischer reagent, dinitrogen tetroxide addi-

t ion and :thiocye.nogen addition. The bromination had previously 

been studied in some detail (1) and appeared to be the quick-

• est method. The forrnation of ketals, using a metha.nolic 

solution and a mercuric oxide-boron trifluorid~ catalyst has 

been described by Wagner, Gol d. ste1i1 a.nd Peters ( 2) and .. offers 

advantages where mixtures of olefinic and a.cetylenic compounds 

are involved, but requires more time and offers no particular 



advantage where a single talkyne is being determined. The 

v arious method s based on the precipitation of copper or 

silver acetylides were not applicable here b e cause a disub

stituted acetylene was involved. Dinitrogen tetroxide (3, 

4) and the Karl Fischer reagent (5) and thiocyanogen (6, 7, 

8 ) have been used in quantitative determina tions of olefins 

but are untried with aeetylenic compounds and involve longer 

times to complete q:etermina.tions. r.rhe addition reaction of 

ni tryl ehloride N0201, ( 9) might offer a. possible method of 

an alysis but would require much development. It was there

fore decided to continue the use of the bromination procedure 

wh ich was already available. 

B. BROMI :N'A 'rI ON OF THE CARBON .. CARBON 'rIU:P.LR BOND. 

The generalization is frequently made that the 

carbon-carbon triple bond adds two mole s of bromine, but it 

is the experience of several authors {summarized by Lucas and 

Pressman(l)) that under non-catalytic analytical conditions 

t h e reaotion does not go to completion, or g oes only very 

s lowly. Indeed a search of the literature showed that only 

a limited number of the isomeric tetrabromo compounds de

rived by addition of bromine to acetylsnic compounds have 

been prepared and studied, and in many reports the details 

of prepe.r a.tion are very seanty so that it is i mpossible to 

evaluate the ease or difficulty of p 1 .. eparation. '.Phe well 

known l;l,2,2-tetrabromoethane and 1,1,2,2-tetrabromopropane 

(10 ), 1,1,2,2- and 2,2,3,3-tetra.bromobuta.ne and 1,1,2.,2-



tetra.bromopenta.ne (11, 12) are reported, but none of the 

corresponding tetra.bromohexanes a.re reported .. Attempts to 

prepare 1,1,2,2-tetrabromohexane from 1-hexy:ne failed (13),, 

and attempts in this laboratory ( 11+-> have also been unsuc

cessful; this study is being pursued furthero t, literature 

search for higher homo logs ws.s not made~ 

Except for a. comparison by de la Mare (15),;., of a 

relatively limited number of olefin and acetylene homologs , 

and some work on the stereochemical course of the reaction 

(16, 17, 18, 19) very little attention has been given the 

mechanism of saturating the carbon-carbon triple bond with 

halogens. It seems well established,. however, that the 

reaction is stepwise. 

Br2 ► rapidly 
-CBr = CBr-

Br2- ., 
__,,..__,~~.,_ · -CBr.2 -CBr2- (1) 
slJ>wly if 
unoatalyzed 

The difficulty in a.chietring complete bromination might be 

logically explained by the lower reactivity of the dibromo

olefin. In fact, Lucas and Pressman (1) in no instance ob

served leas than 50?b bromination of acetylenic hydrocarbons 

without catalysts, but did observe incomplete bromination of 

the olefinic compounds: dichloroethylene, fumaric acid and 

maleie acid und er equivalent conditions and times. Davis 

,tl & (20} report results which show the same, and Mulliken 

%Given in a review article. Since it is not credited to any 

other source, it is apparently some of de la :Mare's work. 



and Wakeman ( 21) found in 5 instances out of 8 that rnor•e 

than one mole of bromine was absorbed per original triple 

bond. 

Tho unreactivity of dihe.logenated olefins towards 

bromine addition is well known qualitatively, and has been 

the subject of some kinetic studies which are partially re

produced in 1I1abl e 1. 

Table 1 

Relative Reactivities of Dihalogenated Olafins 
towards Bromine Addition 

Compound Relative Bates of Addition_ Resonance 
Swedlund and Ana.ntakrishnan Energies 
Robertson (22) and Ingold (23) kca.1/mole 

<24) 

CT{ -cu ~ 2- ,,.2 1 1 -
cH2=c1m r 3 X 10-4 ·small 192 

CHCl=CHCl 
{cis)1 l X 10-7 28 -

GI1Cl=cc12 3 X 10-10 42 

1. It is of interest to note that Swedlund and Robertson {22) 
fou...~d addition fast e :r- to ;~h e els comoound than the trans, 
whereas Cha.vanne (25) and Verhoogen (26) report the oppo
site sequence.. Isomerj_zation is observed during bromination. 
It should also be noted that Swedlund and Hobertson apparent
l y quot0 Chav anne incorrectly since they indicate that he 
studled Chlorine a. ii J ition, vihereas Chemical Abstracts 3. 
2898 (191.5) an d Ch em. Centr., 1914, II, llLµ.~ report that he 
studied. bromine additlon. Unfortunately the orig inal article 
was not available to check t h is point. 

2. For vinyl chlorideo 



Various discussions have been given of reactivity and double 

bond character or bond order (27, 28), the moat specific 

suggestions perhaps being those of Pullman (29) and Gold (30),. 

No e.ssign..'11ents of bond order of the oarbon-aarbon bond for 

the compounds in rrable 1 ( except ethylene) were found, but 

the resonance energies caloulatod by Ketelaar (24) are given 

for comparison. It would seem reasonable that the well es

tablished increase in double bond character of the carbon

bromine bond in vinyl bromide (as compared wijb,: ethyl bromide) 

(27, 31) would be accompanied by a corresponding and critical 

decrea.ae in the double bond eharaeter of the carbon-carbon 

double bond, even though the change in the carbon-carbon 

distance is small.,* A eritioal examination of' this point 

appears to be desirable, al though not directly pertinent to 

this analytical method for alkynes .since the intermediate 

here is presumably always of the .formula HCB.r=CBrH where 

the bond order of the carbon-carbon bond will be quite simi

lar as long as the R groups are ethyl, propyl, etc. 

The possibility of a: mechanism for the bromination 

of the triple bond other than Equation l is raised by the 

studies of a group of Russian authors {32), concerned pri

marily vdth the addition of mercuric ha.1.ides to the carbon

carbon triple bond, but including some work with mercuric 

·nitrate (33),. The results reported in this thesis show that 

.::, Actually, this distance has been assumed constant in the 

studies of molecules su.'ch as vinyl bromide ( 31). 
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1nereuric chloride is not an effective catalyst for obtaining 

complete b1'lomination of 3-hexyne. In this study no ready 

criterion was found to determine whether the catalysis ob

served involves the initial addition to the triple bond or 

the subsequent addition to the dibromoolefin. From the pre

ceding pare.graphs, it would appear that the latter phase of' 

· the reaction is the one whlch goes only with a catalyst. 

Indeed:, there are some considerations which indicate 

that it is not a case of catalysis, but one wbere stoichio ... 

metric amounts of mercury are required. This will be dis..; 

cussed further. 

0. DE:TEHltHNA 'l'I ON 01? J•IlEXYNls IN CARBON TETHAOHLOHID·g SOLUTION 

In one phase of the wor-k; the &Inounts of hexyne to 

be determined were 0.02 to 0.2 milliequivalents (o.oo~ to 
;; 

0.05 millimoles),. about one one hundredth to one tenth the 

amounts previously analyzed (l), .and initial attempts to ad

just the method to these :reduced amounts failed to produce 

satisfactory results. The following study was therefore 

undertaken to define more accurately the va.:riables involved. 

Later work required the determination of amounts of hexyne 

up to 2,.0 milliequivai.ents., but using a smaller total volume 

of carbon tetrachloride phase and a la1"ge volume of aqueous 

:priase,. For the latter, a. briefer study was made which suf ... 

ficed to develop adequate conditions, but whlch we.snot ex .... 

tended to define minimal conditions. 

It was found in some of the experiments with 3-



hexyne in aqueous solutions that oxygen interfered vii th the 

analysis. No such interforence was observed with solutions 

of J-hexyne in carbon tetra.chloride, and no precautions 

age.illst oX'Jgen were ta.ken in any o:f the experlm.en-ts on such 

solutions. 

MATElH!ALS AND SOLU'.rI ONS 

Since the materials for Pa.rt I coincide largely with 

those of :Part II, this section will serve for both Parts. 

Only such . items as are peculiar to ?art II will be discussed 

there. 

,J-He:xyne. The 3-hexyne was "in pa.rt furnished by 

Dr. n. Lemaire of this Ls.borator-y- { synthesized by the method 

of B!'ied and Hennion ( J4) : ) and in part purchased from the 

Ii'arohan Research Le.boratorieso When freshly distilled in 

an atmosphere of nitrogen the value's- shown in Table 2 were 

obte.ined. 

Table 2 

Properties of 3-Rexyne 

Source of 3-Hexyne 

Lemaire 

l•~archan 

Literature 
Henne and Green
lee (35) 

Campbell and 
Eby (36) 

n25 
D 

1.4087 

1.4089 

1.4089a 

1.408!1-a 

n~O 

-

1 •. 4115 

1.)+110 

0 b.p., 0 

80 .. 0-80.6 ( 7Li-6mm) 

80.0 ... 80.3 (744-ram) 

81 {760mm) 

s. Calculated, using n~O and dn/dt ::: 0.0005237 (37). 



The agreement of our observed values with th.tit calculated 

.from n~O = 1.14.115 would appear to support the eontention of 

Henne and Greenlee (35} that their value is a bett;er one than . 

that previously reported {J6). A portion of the 3-hexyne 

which had been stored for sever•&l weeks in contact with air 

and which presumably contained appreciable m·nounts of oxi

dation products gave nif' • 1.42a2. 

Immediately after distillation under nitrogen the 

3-hexyne was introduced by hypode~uio syringe into previously 

weighed glass ampoules, o.o5 to 0.3 gm per ampoule, and the 

ampoule sealed and weighed. Identification was made positive 

by including inside the ampoule glass threads of various 

colors in recorded combinations. The weights were checked 

before using eaah ampoule. The free air space was about 

1 .. 5 ml per ampoule and never exceeded 3 ml. AssU111tng 0.1 gm 
I; 

- hexyne present, 3 ml of air and absorption of 2 atoms of 

oxygen pe-r molecule of hexyne, only 0.,2:,& of the hexyne would 

be transiformed into per.oxide. Actually, no peroxide ef.fects 

were observed in any titrations, even when the carbon tetra ... 

chloride solutions of hexyne had stood in contact with air 

forooveral days after preparation. 

2-Pentanone. (Diethylketone). Eastman Kodak Qompany 

White Label grade was redistilled, a cut boiling at 99 ... 101°0 

{751 mm) being collected. This was immediately introduced 

into glass ampoules and sealed, as described for J•hexyne. 

2-Butanone. (Methyl ethyl ketone). Ee.stma.n Kodak 

Company f,hi te Label grade was redistilled through a 2 cm 



inside diameter column with a 36 mm length packed with o.S 
cm of 6nnn tubing. Using a reflux ratio of 8 to 1, a cut 

was collected at 78.3 - 78.5°c (749mm). 

Nitrogen., Compressed nitrogen derived f:t>om lique-

fied a:tr and rated a.s 99. 7}l nitrogen by the vendor was used 

in experiments up to and including Expt. 622. It was passed 

through three absorption bottles, the firs:t two containing 

copper turnings and aqueous ammon:ta and the last sulfuric 

acid.. After Ex.pt, 622, dry, high purl ty nitrogen claimed to 

be 99.99'%, pure by the vendor was used. 

Carbon Tetrachloride. All carbon tetrachloride 

used was purified a.s p1--eviously described ( 1. 38) .. 

Potassium Iodide~ U .s ~P. gr•a.de w8 e found satisfao

tory. .At fh.,st fresh solutions were prepared daily, but 

later the method of Sta.nsby (39) was e.pplied -and solutions 

were made up to conta.in 2 to L~;l (by· <Weight of total solids 

content) of sodium carbonate._ Such solutions were stable 

over t he tw·o or three week period :r>equired to consume them. 

0th.er Reagents.. Potassium bromlde, potassium bro

mate, mercuric sulfate, mercu1--ie oxide and mercuric nitrate 

were reagent grade. MercuPic nitrate was dried in a desic-

cator containing phosphoius pentox.ide befo1"'e weighing out., 

Other r _eagents were C. P . grade .. 

Forms for Ana.1ytieal Data. 'I'he me,ny factors which 

had to be recorded to kee0 a complete record of an analysis 

led to the adoption of a mimeogro.phed form which was pasted 

in the notobook v1here desired. The form was revised several 

times and a copy of the la.st format is included .as page ll~ 



- 11-. · Date Analyses Pe-:rf'orrae-d _____ _ _ 
ANALYSES OF IN -001 4 AQ,UffiUS PHASE , ('o:f CC14-aqueous 

----- - soiution distribution) •• 

netermina t:ion No~ . 
. _::: 

VOLW'Fll• ml - C.C'l4_ Ph!. 
r.t-otiil • .during 1--_,.....::.;__..,;;__ ___ -+------1----1----+--+---+---
broniina tion Aa .• . Ph . ~. 

{a} 

Seraple 

Catalyst Soln ... 

Elapsed Time (b) 

rndioa.tor {e) 

Plus blank 

Corr-eeted 

CA.LC• OF · R.ESUl/1-S. 
( Vol Kl3r03- KBr} (If) 

nom., of alkyne = 9.:0.rr,,_ . meg. · • 
. . . _ Vol Sample 

{a} Mole ratio KBr/:KBr03• 
(b ) From p:repm., .of known s··-o-=-1-n.-o-r_e_xp ____ osure of alkyne t o 

to wat er• hours 
( o) 11! a queous soln o:f soluble staNh, prepared tb.1s 
(d) millie-ouiv:alents / date. 
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Stop cock Lubric.nn·t;. A lubrican t which di d not 

interfere signifi cantly with o.nal ·,:rses vms made b y melting 

togethe r 40 g ste aric acid, trea ted a s described below, 20 g 

:f/7 minera l o il and 1 .. 0 g zin c oxi de (Bake r 1 s CP Anal yzed ). 

On cooling , a smooth, f aintly y ellow, :node1-.at e l y s tiff paste 

l"e s ul t; ed . Th e s tear ic a cid prior to mi xing h ad s tood for 24 

h ours ln tht:i de r k vd t b. acidified b r omi de-bromRte solutlon, 

then melted an d , whil e molten, washed well with water. '111.1.e 

treated stearic acid absorbed bromine, o.0082 meq per gr am. 

'11he minera l oil absorbed 0.0038 meq per ml. 

The lubricant was quite satisfactory even though 

inferior as a lub ricant to some commercial preps.r•a tions 

which were unsuitable because they absorbed a-ppreei able 

amounts of bromine. Assumlng 0.017 meq of 3-hexyne end that 

as much as o.o.5 g of lubricant would,, be dissol ved into the 

analysis, the maximu.in error wou l d be 2. L1S& . This is believed 

to r epresent the extreme condition. 

Later a siunp le of Fluorolube Li gh.t Grease, a polymer 

of t1~ifluoroch loroethylene, was k :i.ndly supplied b y . the Hooker 

El ectr•och emical Comp any . This was v er y satisfactory as a 

lubricant-~, a l though, as before, t h e sol vents leached the 

grease to such an extent t ha t relubrication was necessary 

e.fter e ach use of t he stopcock-stoppers. Blanks sh owed that 

l gm of Fhmrolube Li ght Grease absorbed 0.0051 to 0.0081 / "Y1>'\..~.?---.,~ , 
Ct 

-~This was also used very satisfactorily on other experiments 

with fum.ing sulf-u,ri~ acid and dinitrogen tetroxide vapors. 
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of bromine under condit:1.ons of the analysis. This repre

sented a maximum error of 2.6 per cent., caleulat;ed on the 

sa,-.ne basis a.s above. 

PROCEDURE FOR ANALYSIS 

Known ~1tion of J:-Hexyne ln Carbol_! Tetrachloride. 

An ampoule of 3-hexyne was broken under the surface of earbon 

tetra.chloride in a neo.rly-filled volumetric flask, the 

breaking rod washed down i;.md withdrawn, nnd the solution 

diluted to volume. The resulting solution was approximately 

0 "'vO·r:' i.Jr .. :;; =· Because of the high eoefficient _of expansion of 

carbon tetrachloride the temp era ture was closely observed 

end corrections applied when necessary. Correetions were 

also applied for the volume of glass from t h e ampoule. 

It will be noted in some instances t hat the maximu.."'11 

analyses obtained were as mueh as 2.:,j.; below the theoretical. 

Since the values al ways lay below 100.0;r{ and since any one 

solution of hexyne ga.ve consistent me,ximu.'l'/1 analyses which 

would differ slightly from the maximum analyses for £mother 

solution of hex:yne, it is considered that the errors were due 

a t lea.st in part to losses of' hexyne in prepa 1"'ing the 

solutions. 

The possibility o:f polymerization, oxidation or loss 

of' hexyne from the known solutions was checked by analyzing 

the same solution under the same conditions (wh:i.ch gave maxi

mum analysis) over s; period cf 12 da,srs'° On the 1st., 2nd, 

3rd, .5th 111:nd 12th days a.fter pr eparing the solutton, 97.6~ 



97 c:'. 07 ~ 97 1~ ana.~ O/· 7. c ner cent of the calculated amount .::;>, ; o.,,,, • .,,, ;:;> ,. 

' 
of hex yne was found. The excellent agreement is consider ed 

to be pa.rtia.lly fortuitous since in general the reproduci

bility of results wa.s not this good. It shows, however, that 

the s t rength of the solution did not alter appreciably. 

Samples for Analysis. Two methods were employed. 

In Method A, a portion of the known solution was taken in an 

Eherz pipette {38) a.nd washed through the pipette into a 

glass-stoppered mixing cylinder, then diluted to 40 ml with 

carbon tetra.chloride. This proeedure was followed so that, 

from. a g iven known solution of 3-hex.yne, a series of samples 

of the smne total volume but of different hexyne content 

could be prepared. 

In Method B, the sample was t aken in an Eberz pipette, 

then sucked directly into the brominpt ion flask and washed 

through the pipette with enough carbon tetrachloride to make 

the desired total volume, or with th.e acetic acid if the 

tote.l volume of cf>.rbon tetrachloride was insufficient. 

Procedure I"-03. Jl'or Determination o.f 3-Hexyne in 

Carbon 'l1e-trachloride. This procedure is modified from that 

of Lucas and Pressman (1). It should be noted that the brom ... 

ination is conducted in the abs ence of li ght and under low 

pressure (little oxygen). '£'he nominal total volmnes a.re . 

calculated on the admittedly· approximate assumption that all 

aqueous solutions and a cetic acid remain in the aqueous phase, 
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and that all ca rbon tetrachloride rem2.ins in the carbon 

tetrachloride phase~ 

An excess of 25 to 100'.?G, the h i gher figure being 

used with smallest a.mounts of hex.yne, of the standard pota.s ... 

sium bromide-brome.te solution (mole r a tio br•omide/bromate ·= 
5~00/1·.00) was measured into a 250 or JOO ml 24/L~O standard 

taper Erlenr,1eyer flask,. 'rl1e fl a s k was ( a ) fitted with a 

24/40 standard taper stopper baa.ring a sealed-in stopcock; 

(b) covered with a bli:wk cloth bag •• 0.nd ( c) evacuated to a 

pressure of 12 to 50 mm of mercury. Into the flask were 

sucked th0 sulfuric acid and the mixture allowed to generate 

bromine for at least 15 minutes. 

l!ihen Method A .vas used , the sample was transferred 

to the reaction flask by suction through a U-shaped capillary 

tube and the mixing cylinder washed ,, down (without removing 

the capillary) with enough carbon tetrachloride to bring the 

nominal to ta.l volume of carbon tetrachloride to the d es ired 

value~ Similarly, the catalyst solution, glacial acetic acid 

and sufficient wash water to bring the nominal total ~rolume 

of the aqueous phase to the desired va lue were successively 

added to the mixing cylinder, ea.ch reagent being sucked into 

t he flask bofor•e adding the next reagento Tho capillary was 

removed and the flask mounted in a clamp on a Boerner oscil

lating plat.form shaker .and shnken for 15 minutes t' 1 minute. 

(A reasonable over-run of shaking time was pr•obably not 

serious, but sinoe the shaker employed had a built .... in timer, 

the above limits were maintained.) When Method B was used 



for sar:n.pl:lng., the ca.te.lyst solution., acetic acid (if not used 

for WRshing sample through special pipette) and wash water 

were a dded aft er the sample through a special funn.el (a test 

tube of suitable size with a de livery tube sealed in the 

bottom). 

'J:he d esired volume of potassium iodide solution and 

50 ml of water were sucked into the flii sk at the end of the 

sh a.king period and the shaking resumed for 3 minutes. J:he 

cloth bag was then removed , vacuum broken and the flask 

washed down. 'Ihe free iodine was titrated with standardized 

sodium. thiosulfate . Starch solution was used as un indi

cator (1). 

Blan}rn were run using So ml of carbon tetra.chloride 

for a sample and about 1/3 the a.mount of bromide.-bromate used 

fox• determinations. During ex.plorat_ory work, the volumes or 

ull reagents were recorded. Under routine conditions this 

would be unnecessary, but the volwnes of reagents should be 

controlled to minimize variation in the blank. The a..'llounts of 

reagents taken were: 

Sulfuric acid: 6.o ml of 6.o N. 

Catalyst: 5.o ml of solution 0.20 Min mercuric sul

fe.te and 1.0 N in sulfuric acid. 

Glacial acetic acid: 10 ml 

Nominal total .volumes: 

CE-1rbon tetrachloride pha.se: 50 ml 

Aqueous phase: 37 ml 
Potassium iod•ide solution: 7 .. o ml of 1.00 N. 
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Table 2 

Eff ect of Varying Catalyst Salt 

.. :C' Cat§list Solution Hg Vol 
Salt Salt Solvent Taken Acid8 

Cone. Jlllllol Taken 
Ji. ml 

HgC12 0.0.30 'Water o.o 6.o 
0.12 6.o 
0.12 6.o 

HgC12 Sat. Water 4.4 6.o 

HgC12 0.810 0.99 M aq. 12.1 .3.0 
NaCl 12.1 2.0 

HgC12 1.217 1.5 M aq. 12.2 6.0 
NaCl 12.2 2.0 

HgS04 0.10 0.96 !i 0.12 6.0b 
H2S04 0.50 6.0 

Hg(C104 ) 2 o.;20 0.414 H d HC104 0 6.0d· 
0.16 6.0d 
1.0 6.0d 
1.0 6.0d 
2.0 6.0d 
1.0 6.o 

Notes 
a. 6.0 li HCl except as noted. 
b. 6.0 £.i H2S04 • 

Vol Percent 
Glacial Found 
Acetic of Hexyne 
Acid Taken 
Taken 
ml 

0 35 
0 ,38 
5.0 6.3 

0 58 

0 8.3 
0 83 

5.0 80 
0 82 

0 44 
5.0 97.;c 

0 9 
0 .35 
0 89 
0 91 
0 88 
5.0 99.2c 

c. The known solution of 3-heXYDe used for these runs was not the 
same solution as used for all other runs. 

d. 6.0 .li HC104• 
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DETERMINATION OF 3-HEXTh"E IN AQUEOUS SOLUTION 

To exclude air from the solution, water was boiled under reduced 

pressure (about 20 mm.) until small bubble evolution ceased and bumping 

began, with the formation of very large bubbles of vapor. This behavior 

was taken as a criterion of "oxygen-free" conditions and, within the limits 

of these experiments, was entirely satisfactory. The bottle was discon

nected from the aspirator line and connected to a nitrogen supply. The 

time interval during which the water was exposed to the air was in general 

less than 15 seconds and never exceeded 45 seconds. When first connected, 

the nitrogen stream was run for a few minutes before the stopper was firmly 

seated so as to flush out the air in the neck of the bottle. The bottle 

was allowed to cool to room temperature. 

It was found that dissolving 3-hexyne in water did not give 

satisfactory solutions, apparently because the hexyne (Sp.G. about 0.8) 

floated on the water and did not dissolve readily. To achieve complete 

solution of the hexyne, the apparatus shown in: Figure 6 was set up and the 

following procedure adopted. 

Procedure S-01. Preparation of Known Solutions of J-Hexyne in 

Oxygen-Free Agueous .Acetic Acid. The ampoule was broken under 50 ml. of 

glacial acetic acid in a centrifuge bottle (Figure 6) and 5 ml. of acetic 

acid used for washing down. The stopper assembly was put in place and the 

whole moved so as to introduce the discharge end of the sample delivery tube 

into a small opening in the stopper of the bottle containing oxygen-free 

water. The stopcock of the separatory funnel was left open and unlubricated 



-17-

Procedure 1',-04. This procedure was the se.me as 

Procedure F-03 insofar as sequence of actions is concerned,. 

but the following a.mounts of reagents were taken: 

Sulfuric acid: 6.o ml of 18 N. 

Catalyst: 10.0 ml of solution 1.00 Min mercuric 

sulfate and 3 .oo N in sulfur•ic acid. 

Glacial acetic acid: 10 ml 

N'omino.l tot al volumes: 

CCll phase: 11 ml 
I-

Aqueous phase: 4S to l-1.8 ml 

Potassium iodide solution: 20 :ml 3 .oo N. 

Nitroi::sen System. 'J.•he n:i.trogen system used for the 

experiments on aqueous solutions of 3-hexyne and J.a.ter in 

distribution experiments (Part II} evolved from a very simple 

beginning into the arrangement shown . in F'ig. 1. 'l'hj_s was 

used for all expei->iments from No. ,SlO onward. 

A "high11 pressure line, usually operated a.t about 

.:; to 7 • .,,. psi gauge, was used for displacing solutions and 

filling burettes. rrhe 11 lown pressure line, usua.lly operated 

at; about l to 2 p si, was used to provide the atmosphere :for 

storage of solutions. The reducing valve between the high 

and low pressure l :i.nes was built for higher pres~ures and 

greater dif.ferentials, and did not function too well. As a. 

result of the low flow rates and low differen-~ial, it func

tioned primarily as a. controllable leak. If the consumption 

of low pressure g 8 s was small, the pressure in the low side 
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gradually built up to a -point near that in the high side. 

Thus, . if no gas had been drawn for a time, it was necessary 

to vent the low side before filling a burette. 

While only one burette and one bottle are shown in 

F'ig 1, actually three burettes were ~o equipped for sui'..-

f'uric acid, acetic acid and catalyst solution. 'rhe burettes 

were used for dispensing without calibration, the manufac

turer• s graduations being accepte,d. The overflow connections 

at the top or the burettes were initially connected to the 

low pressure vent lines., · but one or two flooding accidents 

made it desirable to run the overflow lines into a trap 

bottle large enough.to hold the contents of the largest 

bottle on which any burette was mounted. 'I'he trap bottle 

was then conneeted to the low pressure line. 

HESUL'l'S OF DET·:~~RMIN'ATION 0.02 to 0.2 MILLIEG),UIVALEN'rs OF 

3-HEXYNE · 

A detailed study was made o·f the effeet of varying 

one f'o.etor afte~ a.nother, usually under conditions Which 

would not give quanti.tative results., so e.s to emphasize the 

effect of the variable. 

Standgrd Conditions. These are, as outlined in • 

Procedure F-03: nominal total volume of aqueous phase, 37 ml; 

nominal total volume· of carbon tetraohlorlde phe.se, 50 ml; 

mole ratio of bromide to brornate, 5.oo to 1.00; bromination 
I 

time, 15 minutes. 'rhese are the conditions prevailing in the 

experiments dep icted in the ftgures, exce:'.)t as otherwise noted. 
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Effect of Time of Bromination. As previously shown 

(1) and as borne out by experiments in this study, increasing 

the time of brorn:i.nati on causes the analysis to appro Hch 100% 

more closel~r when catalyst is present but in insufficient 

a-mounts to give 100;& analysis in a short time . A bromination 

time of 15 minutes,± 1 minute, was arbitrarily selected as 

convenient a.nd easily reproduced, and was used for all runs 

unless otherwise indicated. 

Effect of Bromide/Bromate Mole Rat io and of Addition 

of Chloride Ion. While the reaction 

Ih-o; + 5 Br- + 6 R+---+ 3 Br2 + 3 H20 

requires a mole r a tio of bromide/bromate of 5/1, a ratio of 

10/1 was used by- Lucas and Pressman (1; this fact was not 

stated in the original paper) to speed up the generation of 

free bromine. Since enough mer·curic ion must be provided to 

complex all excess bromide as HgBr4-, :plus additional mer

curic ion to provide catalytic action, the higher ratio re

quires use of more mercuric salt. Purther, enough iodide 

ion must later be added to convert all HgBr1:- a.nd Hg ++ to 
-.~ 

Sodium chloride had p1•eviously (4-0) been added af'ter 

the bro:rnination period to assist in complexing the mercury. 

The equilibrium. constants for 

H1·:::++ + 1.L y- ---"- µ ,-y--
- ' -' '- ..- •• J (:,-•-1 

i.~ 

are given (41) as 1.2 x 1015 , 1.0 x 1021 and 6e8x1030 fo~ 

chloride, bromide and iodide, respectively. These constHnts 
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indicate thfl. t any modera te amount of chloride or bromide ion 

will not convePt any appreci able fra ction of Hg::,I-- to HcrCl--
4 ,;., lt-

or HgBr
4 

. 'l'his was verified by taking a ll r eagents ( except 

b1"0 ma te) in sequence as pre s cribe d f or s a tisfa ctory analysis. , 

Th e pot a ssiura iodide solution ( l a.st reagent) was o.dd ed by 

titra ting unt il nll the initially-formed orange mercuric 

iodide p r e cip t Hte was r e dissolved. • Using 1.00 :mmol mercuric 

sulfa,te and 10.0 rr1eq s odium chloride, 3. 75 meq of potassium 

iodide (mean of 3) we.:r-o required; using 1.00 m.inol mercuric 

sulfate and no sodium chloride,' 3;82 meq (mean of 3) were 

required. 11'he diff~rence of 0 .. 07 meq is of doubtful signi

fic ance and so small a saving of potassium iodide as not to 

jus tify the nuisance of the additional reag Em t and t h e a.ccom ... 

p:anying build-up of ionic strength~ 

Considering the above, the · promide/broma.te mole 

ratio was reduced to 5/1 and the use of sodium chloride 

so l ution WHS omitted in all exneriments in this thesls unless 

oth erwise not e d . 'r.h.e r a t e of bromine generation and the 

complexing of mer cury were sat lsfactory insofar as no detec

t able chimge in results was observed. 

Effect of Acetic Acid, It was t:ireviously sh own (1) 

that Jt a given mercury aoncentrat~ion the addition of acetic 

acid reduced the error of analysis f rom lO}i or more to .3% or 

less, it being postulated tha t the effect was due to solvent 

a.ot:ton. It was found that in a system with no ace tic acid 

present perfect analysis could be ach ieved by i ncre asing the 
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amount of mercuric salt used, as illustrated in Figure 2. 

An entirely analogous curve was obtained when 5.,0 ml of 

glaeial acetic acid were used in each run, except that a 

sme.ller a.'llount of mercuric salt was . required to achieve 100~ 

analysis. It should be noted in examining the curves that 

they were obtained from two d.ifferent known solutions of 

hexyne • . The difference in maximum per cent found was attri

buted to acrrors in preparing the . known solutions. 

An attempt was made to determine the minimum e.m.ount 

of acetic acid required to give the muimum improvement when 

an amount of mercuric salt insufficient to give 100% analysis 

in 15- minute a was used• . J?igure 3 shows that using O .10 

mmols of mercuric sulfate, as little as 2.0 mmols or a.cetie 

acid gave as large an i mprovement a.a any amount up to 17.5 

mmols. The beneficial ef'f'eets of .such small amounts of 
< 

acetic aeid indic-e.te that the ~eid :may enter into the 

reaction mechanism, although a simple solvent action is by 

no means excluded. 

As a practical consideration, in the absence of 

acetic aeid the two phases- em.ulslfied quite badly When shaken 

during the titration, making the end point difficult to de-

termine exactly. Five ml of glacial a.e etio acid, even if 

added after the brom:l..na.tion period but before titration, 

greatly reduced the emulsificatipn; 10 ml gave very rapid 

separation of the two phases. The addition of a suitable 

a.mount of acetic ac·l d before the bromina tion period is there

fore recommended, so as t o take advantage of both effects. 
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100 

80 

20 
0 NO ACETIC ACID 

(,) 5 ml ACETIC ACID 

0 o.o 0.2 0.4 0.6 o.a 1.0 

Mmols Mercuric Sulfate Added . 

Figure 2. EFFECT OF AMOUNT OF MERCURIC SULFATE TAKEN, 

WITH AND WITHOUT ACETIC ACID. 
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Figure 3. EFFECT OF ACETIC ACID ON .AN"ALYSIS. 
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Effect of Excess of Bromine4 While a large excess 

of bromine was undes:trable because of possible substitutio~, 

the effect of bromine concentration upon the rate or extent 

of addition was not known. At t wo different mercury concen

trations insufficient to give 100% analysis in 15 minutes 

with a. 10 to 25)~ excess of bromine, it was found {Figure 4) 

that increasing concentration of bromine ga.ve improved 

analysi~. The values show that no app:reciible substitution 

occurred under the conditions investigated. 

Ef'fect o,f Volume of Carbon Tetre.ohloride ]ha.se 

during Brora.ination. Fixing all other conditions and taking 

an rouount of mercuric sulfate insufficient to give 100;; 

analysis in 15, minutes, it was found (Figure 5) that as 

. the volume of the carbon tetrachloride decreased, the per 

cent of hexyne found also dec~eased. This suggests that an 

appreciable portion of the brom.ination may occur 1n the 

organic phase. 

Effect of Volume of Aqueous Phase during Bromin

ation. Fixing all other conditions except total volume of 

the aqueous phase, it was found (Figure 6) that an increase 

:1.n the volume of the aqueous phase during hromine.tion gave 

a rapid decrease in the. per cent of hexyne found. 'rhia 

would be expected from kinetic considerations• 
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100 - -

/:) 
-=-

80 .... (,) e -.,,-0 
/ 
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Figure 5. EFFECT OF VOLUME OF CARBON TETRAcm.ORIDE 
PHASE WRING BIDMINATION. 
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Figure 6. EFFECT OF VOLUME OF AQ,UJIDUS PHASE WRING 

BIDMDiTATION. 
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E.ffect ot Amount of Sulfuric Acid. Fixing all con

ditions except the a.mount of' sulfuric acid taken and using an 

amount of mer-curie sulfate insufficient to give 1007; analysis 

in 15 minutes, it was found (li1lgure 7) thst as the amount of 

acid decreased the per cent of hexyne found also decreased. 

( '11he amount of acid was at all ti:mes more than adequate to 

react; with the bromid e ... brom.ate present.) 'rhe interpretation 

of these results is not known. 

Effect of Varying catalyst salt. In an attempt to 

provide some further information on the c ,atalytic mechanism 

a few experiments were performed with mercuric salts other 

than the sulfate. Inspection of Table 3 indicates that mer ... 

curie . chloride or mercuric sulfate ,:tn the presence of chlor

ide ion, is & much less effective catalyst, 15 meq of mercury 

as the chloride giving an analysis of only 60-83~~ in the 

presence of acetic a.eld. This low activity of mercuric 

chloride parallels the low activity of mercuric chloride as 

a. catalyst for the hydration of acetylene Ot--2). 

It may also be seen that a mercuric perohlora.te

perohloric e.cid system will work satisfactorily-, although 

the srn.ount of mercury required to achieve 100% analysis in 

15 minutes appears to be somewhat higher than when mercuric 

sulfate.-sulfuric acid a.re used. Acetic acid a.lso enhances 

the activity of the mercuric perchlorate. 

An attempt to perform the analysis in a mercuric 

acete.te-a.cetie acid system with the use of no other aoid was 

a complete failure since the bro:mide-bromate did not react 

under these cond1tions. 
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Table .3 

• Eff eot of Varying C.atalyst Salt 

Salt Salt Solvent 
Oene 11 

M 

HgCl2 0.030 water 

HgOl2 !lat. Water 

HgCl 0.810 0.99 M 2 liaCl 
aq 

I-IgCl :, 2 1.217 1.5 M aq 
NaCl 

JIµ,S04 0 .. 10 0.96 N . ::, 

n2so4. 

Rg(Cl04) 2 0.20 0.414 N 
f.10104 

Mm.ols 
Hg , 

taken 

0.0 
0.12 
0.12 

4.1~ 

12,;1 
12.1 

12.,,2 
12.2 

0.12 
0.50 

0 
0.16 
1.0 
1.0 
2 •. 0 
1.0 

a. Different known solutions of 
b10 6.o N HCl except as noted 

6 .• 00 
.. 

c. N H2so4 
d.. 6,oo N HC104 

V<>l 
A<Hdb 
ta.ken 
(:ml) 

6.o 
6.o 
6.o 

,. 

6 o • 

ltrcO 
2.,0 

6.o 
2;a0 

6 •. o 
6 ... oc. 

6.od 
6.od 
6,od 
6.od 
6 od 
. • d 6.o 

3-hexyne 

Vol 
Glacial 
Aoetie 
Acid 
ta.ken • 
(ml) 

0 
0 s.o 
0 

0 
0 

5.o 
0 

0 s.o 

0 
0 
0 
0 
0 

5.o 

Per
cent: 
Found 
o·r 
Hexyne 
ta.ken 

35 

l8 
.3 

58 

8) 
83 

80 
82 

},11~ 
97.5a 

9 
35 
89 
91 
88 
99,2a 



3-HEXYNE . 

Procedure F-03 was used for analysis of the carbon 

tetra.chloride phase in distribution exper-iments, Expts. 510 

through 697, and gave consistent results within any experi

ment, but low material balances. It was first asstuned tha.t 

the low bala.l'.lces were to be attributed to manipulative losses, 

a new distribution technique being involved. Finally the 

failure to achieve consistent v iii. lues for the distribution 

constant of 3 ... hexyne between carbon ·t;etrachloride e.nd lf)O N 

aqueous pot3.Ssium nitrate solution led to the suspicion that 

the extrapolated ana.lytical eonditions for the larger amounts 

of 3-hexyne were unsatisfactory. Experiments 708, 716, and 

~26 were undertaken to check this. 

The conditions used in Expt\3. 510 through 697 are 

given in Table 4, together with material balances obtained. 

It is readily observed that even if the aqueous phase analy

sis had been several hundred per eent in error, perfect re

covery of 3-hexyne would not have bE;ten attained.. Therefore 

the most significant, if not the entire, error la.y :tn t he 

analyses of the carbon tetrachloride phase. It is to be 

noted that three different catalyst solutions were employed• 

namely Solutions 422-1, 525-1, and 651-1 ♦. All were supposed 

to be 0.25 M in mercuric sulfate, but 1.26, 1.57 and 1 : .. 28 N 

in sulfur•ic acid respectively. 'rhe results of: the analyses 

are compared against the catal;yst solution used in Table 5. 



-33-

It appears that there :ts some difference P.....1"'11ong these solu

tions, mon t . probDbly in :"l'l.ercury content since the bromina tion 

is more sensitive to thif:t factor than to acid concentration. 

Unfortunately, the so lut1.ons were m1.1de up by weight, no 

analysis being mo.do to check the mercury content. 
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Table 5 

Comparison of Material Balanees Against Cataly-st 
Solution, Expts_, .510 through 697 

Catalyst Hexyne Recovery, yo 
.Solution Mean Aver. 

Number Dev, 

J-4.22-1 a 75 1+ .• o 

525-lb 63 2.7 

651-1° 86 8.1 

a• 0.2.s M HgS04 in 1.26 N n2s04, 

0.25 M Hg.SO!!- in 1.57 N Tr S'O ""2 . !~· 

0.25 M HgS04 in 1.28 N H2S04· 

d. During bromination period. 

e. Expts. No.'s 510, 517. 

No. of 
Exp ts. 

:e:2so4 
Gonc.d 

w. 
1.13 

o.85 
0.80 

f. Expts. No.•s 534; 561JI 573, $80, 587, 606, 626, 633, 

639. 

g . Expts. No.• s 670, 682, 690, 697_ 
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6 x ... \· Table \ v 

(\ 
Conditions for De'l:;erm.ination of J•Hexyne 

0
1n Oarbon 'l'etra-

ohloride_. Experiments 708, 716 and 726. 

Conditions: Bromina.tion Time, 15 m:tnutes; Vol• a cc14. 18 ml .. ; 

Vol,.b Aqueous Phase,. 35 or J+5 ml .; Total Mercury Conc. 0 0.11 

to o.L~~ M.; Sulfuric Acid Gonc. 0 1.93 to 3.02 N.; Exeessd 

Bromine, 89 to 209%; Amount of 3-Hexyne in Sanmle ~omm 

0.708 to 1.413 Milliequiva.lents 0 

10.0 ml glacial e.eetic e,cid 
Detn :Per cent Knovm aoln. 

No. Foundd used 
61 98.2 D 

6
6J_ 101.$ P 
4 101.2 D 

71 102.4 p 

84 99. 8 
07 97.6 
90 101. 
91.t 101.7 

95 100.2 
96 100.3 
97 99.5 

100 100.8 

Mean of 12 :.: 100 .4;! 
Aver. Dev. = 1.1% 
Maxo Dev. : 2.5% 

G 
G 
G 
G 

G 
G 
G 
C 

~n<2; glacis.l acetic ac+d 
Detn Per C€H1.;! Y.nown soln. 

No. Found - used. 
60. 98.,8 D 
65 96 0 2 D 
67 102.e D 
68 95.6 D 

9_7.1 
96.l1-
95.o 
92.6 

F 
F 

82 
85 G 

Mean of 10 • 96.8% 
Aver. Dev.= 1.9~ 
Max. Dev. = 6.07{i 

a. Nominal total volume, neglecting any CGlll- dissolved in 
water. 

b. Nominal total volume, assuming no water or a.cetie acid 
enters cc1 ,-l-, Fd that volumes of water, glacial acetic 

. aeid, sulfuric a.old { 18 N) and ruercuric sulfnte solu.
tion are addative. 

o. Oaleulated on basis of b. 
d. Based on amount of 3-hexyne taken. 
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Hegar·cness of the di f ferences in c a t a l Jst solutions 

it was evident t hat more vigorous condi t i ons were necessary 

to achieve cornp l et;o bromina tion of s nmp l cs more rich in hex ... 

yne. Includi ng a few clet er minutions under the condi tions 

us ed :tn Ex.p ts. 670, 682, 690 a.nd 697!> Li,..3 analyses of known 

solutions of 3-hic~:x.yne in c arb on totrachlor·i de included only 

t wo values {8Li .• o, 86 _. o ) of per cent found of hexyns t aken 

b e low 87 . 8 and only t wo (100.D. 98.9) above 98~0. It ls thus . 

seen that the conditions wer e nearly adequate. However., sat

isfactory reproducible result s were obtained only by rather 

radic al increases· in the a.--nounts of mercuric sulfa te. and sul

fui--ic acid used . The conditions found which did g j_ve satis .. 

f actory anr-1lysis a r e set forth in Table 6, as well as a 

second set o.f con.di tions whieh were not sat,is:faetory. The 

latte1" set indicate that it is neoe·Gsary to use ~•.eetic acid 

f'or perfect analysis, although the full 10 ml used :i.s prob

ably not required ., This has previou8ly been discussed (see 

:F'igure 2 .• ) • 

rrhe conditions , inciuding the use of acetic acid , a:s 

sumniarized in Table 6, end incorporating a safety f actor in 

the increase · of the amount of mercur>ic sulfa te wex•e set up in 

Procedure F-O!+ .. 

After performing the analyses of 11:xpts. 708, 716 und 

726, no further tests of known solutions were performed , but 

t h e recovery of 3-hexyne was always calculated in the distri .. 

but ion expe1 .. i ments. •rable 7 shows the success of Procedure 



F~ol:i,. In fact, when silver salts were present in the aqueous 

phase the material recovery observed was in excess of the 

theoretical 100%. No explanation is known for this, but it 

is evident that the phenomenon is rep~oducible as shown by 

the low average deviations. 

Ta.ble 7 

h.esults of .Analyses Using I' roeedure P-04 
as Shown in Recovery of 3-Hexyne 

Salts in Aqueous No. of Recover;y of 3-He_x~e 2 
Soln. of Distri-

bution 
Expts. Mean Aver>. Dev. 

KiiO 
3 4 99 3 

AgNo3 5 104 2 

K;,7-il·o
3

, AgNo3 10 107 .3 

rr1 
"J 

The recent syntb:esis of 1, 1,1-he:ea.fluorobutyne-2 

a11.d 1"epo r t of its ~,ery low rea.cti vi ty· towards bromins. tion 

and other reactions (43 ) tnade it of interest to test the 

analytical method on this compound , Dr. W. G. Pinnegan of 

t h is Laboratory had !)repared some of the compound in connec

tion with o.nother investigation and very kindly supplied two 

grams of the material .. 

The hexafluorobutyne was condensed into ampoules 

(411. ) at dry ice temperature and tho .. ampoules sealed. To pre• 

pare a known solution,.&. 100 ml volumetric f'lask about 4/.5 



full of carbon tetrachloride was chilled 111 an ice-salt 

mixtur'e. An ampoule conte.ining O .0695 gm of hexa.fluorobu-. 

tyne WQ.s cooled to dry ice temperature (where 'the compound 

is liquid), graspod in a. towel to avoid WfH•ming , cut open and 

as quickly as poss:t.ble dropped lnto the Volumetric flask. 

Est:1.m.ated time the ampoule was open befo1"e being i mmersed was 

less than five seconds. The solution was allowed to war.m. to 

room temperature, diluted to volume e.nd sampled• The samples

WEH'e run by Procedure F-03, Instead of the calculated 0~3!,1,-77 

meq of bromine whieh should have been absorbed by each sample., 

the analyses indicated the absorption of 0.006 end 0.004- me!.lJ.j!: 

The method is therefore useless for determination of hexa

fluorobutyne. 'l1his result was not surpPis1ng in considet-ation 

of the unreactivity of the compound. 

D. rntTBRMI NATION OF 3--HE::X'YNE IN AQUEOUS SOLU'.PION 

Lu,cas and Pr>E1s·sman ( 1) worked with homogeneous sys

tems conta.ining aoetylenic oort1pounds only when the compounds 

have a solubilizing group suoh f..\.S the earboxyl group. Their 

results wer,e satisfactory, except .in some ins.tances where the 

additional g roup apparently made the compound very sensitive 

to substitu.tion. 

In this study it was necessary to determine the con

centrations of 3-hexyne in the aqueous phase of e. two phase 

distribution system. Considering the difficult ies described 

:for the analysis of carbontetraehloride solutions, it was 



deemed necessary to check the analysis of known solutions 

of 3 ... hexyne in water and in loOO N aqueous potassium nitrate 

solution. 

PREPAHA'I'ION OP KNOWN GOLU'J.'IOMS OF' 3-HSXYNE IN AQ,tfBOUS MElDIA, 

I NCLUDI NG- OXYGi'J-T ~FHEE CONDI'l110NS. 

1.I1h.e initial experiments were performed by breaking 

an ampoule at the bottom of a. volumetric flask or• bottle,. 

using a glass rod with a slightly cupped end to hold the 

ampoule ln place while it we.s being submerged{}. Later this 

rod was replaced by an assembly hereafter referred to as the 

0 breaker 11
• It :ts deserl'bed in Figure 8. The stern 6f the , 

run.poule was inserted through the . end of the breaker and 

slipped into the rubber tubing whieh, together with the wi're. 

held the a.-rnpoule in plaee at any an~gle. After lowering to 

the desired posi tton, the rubber tubing was gently wi thdr-awn 

so as to avold any absorption of hex.yne on the rubber ov wire. 

The ampoule was b:roken by striking the end of the breaker 

smartly but lig..l-'1tly with a small wooden block. In general 

the procedure was very satisfactory, but on two or three oc

casions unusually heavily WB.lled ampoules resisted the · attack 

whereas the volumetric flask did not. It is recommended that 

the weight {including stem) of ampoules of 10 t o 13 mm bulb 

diameter be held below 0.25 g to avoid this difficulty. 

-----------------------··_..._._ ... _____________ _ 
~,. 
"Its apparent specific grs.vity wa.s less than one and it 

floated unless forced beneath t..h.e surface. 



-41-

Rubber Tubing 

.Ampoule 

Figure a. BREAKER ASSFMHLY. 



Later when it became necessary to exclude air from 

the solutions, the simple technique described above was in

sufficient. Use was then made of a bottle fitted as shown 

in Figure 9. In the bottle, water would be boiled under re

duce,d pressure (water a.spirator) until the cessation ef small 

bubble evolution occurred and humping began. ' At this point 

very large bubbles of vapor extending sometimes almost en

tirely aoross the bo,ttle would form nea.r the bottom and rise 

through the liquid. This behavior was taken as a criterion 

orttoxygen-free'' conditions, and within limits of these expar

imerits was entirely satisfactory. When the \Yater was oxygen

free, the bottle was disconnected from the a .spirator line 

a.nd connected to a ni troge.n supply. The time interval during 

which the water was exposed to the air was in general lea$ 

than 15 seconds and never exceeded li-5 seconds. When first 

connected, the nitrogen stream was run for a. few minutes 

befor·e, the stop-per was fiPmly seated so ~s to .flush out the 

air in the neok of the bottle" After the water had cooled 

to room temperature, · the ampoule and breaker were introduced 

through the small stopper opening, the ni.tro gen being allowed 

to flow so as t o prevent the introduction of air_. and the 

ampoule broken as previously described. It was found that 

this method did not g ive satisfactory results, apparently 

because the hex~ne (Sp. G. about o.8) floated on the water or 

. -aqu@ous solution, and did not dissolve readily. To rohieve 

complete solution of the h~xyne, the a.ppara.tus sho\-m in 

Figure. 10 was set up and the: following procedure adopted. 
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High . Pressure 
Nitrogen ~-----

Low Pressure 
Nitrogen 

3-way Stopoook 

..------. Snell Rubber 
Stopper 

Figure 9 • FI'ITINGS OF BO ~E R> R OXYG:FN-FREE 

OOLU'l'IONS. 



Nitrogen 
SUpply 
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Semple Deli very 
Tube 

Figure 10. APPARATUS ]OR DISSOL v:rn'G HEX."YNE. 



P!'ooed,ure s-Ol. Preparation of J<.nown Solutions of ---- . - . .,.._ 

,2-Hexyne in Oxygen-Fr-ee Ag,ueous Acetic Acl.d. In the centri

fuge bottle ( see Pig. 10) SO ml of acetic acid~l .. w~re placed, 

the ampoule introduced and broken under the acetic aoid. T'ne 

breaker was removed, being washed down with acetic acid as it 

was wi thdra.wn.. ~r.:he stopper assembly was put in position With 

the separatory funnel stopper in place.r{:- The solution delivery 

tube dlscha.rge end was introduced into the small stopper 

opening ( see Fig. <9) .. of the solution bottle, and the nitrogen 

supply to the centrifuge bottle turned on until all the solu

tion was delivered to the solution bottle.. Washing of the 

centrifuge bottle was achieved by proper control of the nitro

gen flow a.nd by introducing the appropriate a.'11ount of acetic 

acid through the separatory funnel .• 

The procedure proved very satisfa ctory and gave com-
;; 

plete solution of the hexyne. It was also used once with 

butanone a.s a solvent. However, the butanone interfered with 

the starch iodine end point and made the analysis impossible. 

••fAll of the acetic acid used was stored under nitrogen until 
used. In a preliminary experiment, the acetic acid was 
boiled under r e duced p r•essure without boiling a.ld; no small 
bubbles were evolved and the liquid bumped; this was taken 
to indicate that very little gas was dissolved :tn the acetic 
acid. No data could be found concerning the . -solubility o.f 
oxygen in acetic acid. 

'lHJ'l"he stopcock of the funnel was left open and unlubricated, 
since all the lubricants tried dissolved sufficiently :ln the 
acetic a.eid to cause the cock to stick. When the acetic 
aeid was diluted into tho water, the lubricant then formed 
~ ~cdlloidal ·suspension. 



PHOCEDUR~:: FOH _:\NALYS I S 01'' AQUEOU:3 '.3 0LU'I'I ONS o:F 3-iTEXYNE, 

The procedure for analy s1.s was essentially that of 

Lucas and Pressman (1), but will be described, e.s modified, 

for .the sake of completeness .. 

Procedure n:-07 ,. Analysis 2.£. Alkyne in Aqueous So

~on (Ho Silver Ion Present),. Into a 500 ml i Erlenmeyer 

flask was pipetted an amount of bromid.0-bromate solution {mole 

ratio of bromide/broma.te :: S~OO) to give an excess of bromine 

of 75 to 125 · p e r cent over the amount of alkyne expected in 

the sample,. '.l'he flask was fitted v>'ith a stopcock-stopp er, 

cove r od with a bla.ek c.loth, evacuated and the sulfuric acid 

1'he generation ,of bromine ·was allowed to proceed for 

at least f:l.ve minutes., then the sample (not over 100 rnl) wa.s 

added by sucking into the fl&sk from. ' an Eberz . pipette. 'ihe 

sample wa.s washed through with vrnterb, t h e catalyst solution 

added8 , the fl ask shaken brief'lyc to mix the contents thor

oughly, then a.llowed to stand 15 minutes. Potessium iodided 

was allowed to react 3 to ~- minutes, and t he vacuum was broken, 

the flask be:5.ng refllled with nitrogen rather than air. 

a.. B-,y suct :Lng into flask through special funnel. 

b. Oxygen~-free, distilled, 

c, F'requently the determination was run the whole time on 

the shaker, since the shv.ker he.d a bu:i.l t-in timer·. 

d. Stabilized with sodlum carbonate (39). 



The stopcock -stop per wa.s remov ed, . t he f lask wa s h ed dovm8 , . 

and the .mouth of t he:,1 . flask promp tly covered with a rubber 

f cap • . 'l1i tra.t i on was wl th sodium t hlosu1fate solution, . using 

starch solution for indicator. At least 10 seconds of 

swi r ling was allowed between each of t he la.st few drop s. 

'l'he t i trat ion box was merely e. wooden or cardbo ard 

box painted a f 1at wh:i. te :i.nside , . and of a size to aecommode.te 

.a titra tion stand . A daylight tung s ten la.mp was mounted on 

the stand above the leve l of the flasks and the stopcocks of 

the burettes • . A piece of foil-covered cloth was stretched 

across the box· to shield the operator's eyes from. the lamp. _ 

Results. For the first attempt to check the analy

sis, a solution w~s prepared hy breaking an ampoule in a 

volumetric flask fill e d with 1.00 N aqueous potassium nitrate 

solution. After standing four days, analysis was attempted 
t; 

under the following conditions: 

Total volume during bromination, 140 to 160 m. 

Meq of bromine taken, 2.695 
C&lcule.ted amount of 3-~ex.yne content of sample, 

1.072 meq. 

Sulfuric aeid taken, 15 ml of 6.o N ... 90 meq. 

The results are compared :i.n Table 8 . 

e. Starch so1u-tion was frequently a.dded at t h is polnt. 3!he 
solutions we:re so di.lute in iodine that no troubl e with co-
agulat1on ,vas experienced . Thi s eliminated the necessity of 
uncapp ing to introduce t he sta rch, which intr•oduced some air 
intg_ the J'lask o Also, the ye l low-color of (p r esumabl y ) the 
HgIJ 1 complex. wh:i.ch -p ersi.sted after the end point was reached, 
made it difficult to determi n e when the end point ,1as being 
approached. 
f' ~ The cap h ad a sme.11 slit in it, thro-µgh whi ch the bu.r-e..t .te 
tip could be introduced. 



Detn. 
No .. 

l 
2 
4. 
3 
5 

6 
l 

9 
5 

Table 8 

Results of Analysis of 3-Hexyne in 1 .. 00 N 

Aqueous Potassium Nitrate. Experiment 262,. 

No Precautions Taken Against · Ox:ygen 

Bromin- Mmols Meq Aeetic 0014 Per Gent 
ation HgS04 H2so4 Acid Found or 
Ti?ne taken 

taken 
J-Hexyne 

(hours) taken takena (ml) (ml) :baleen 

0.,25 2.0 100 0 0 11.7 
0.50 2~0 100 0 0 14-. 7 
4-.,87 2.0 100 0 0 18.5 

0.25 6.o 118 15 0 3~ .• 6 
0.25 6.o 118 0 0 3 .. o 
0.25 2.0 100 1.$ 0 16.8 
0.25 2.0 100 0 0 11.7 

0.2.5 6.o 118 5 5 25.4-
0.25 6.o 118 0 0 34.0 

a. Including acid from catalyst so)..ution 

It :may be seen thatt Lengthening the brom1nat1on 

time by a factor or 19.,5 increased the per eent found only 

from 11. 7 to 18. 5. Adding acet1o aoid did not significantly 

increase the per cent found, although tripling the amount of 

merourie sulfate approximately doubled that value. The 

addi t1on of earbon tetraohb;i·r1de did not produce fJ.nY beme

tioial results. 

At this point it was mistakenly concluded that 1n~ 

surt1e,1en:t amounts of mercury ae.1 ts were the cause of low 

analysis, and attempts were made to improve the situation by 

adding more mercury. This led to a nurnber of difficulties 



which will be summarized only brief'ly. 

To increaee the amotm.t of mercury salts, solutfoni 

as concentrated as 2.00 M. mereuric nitrate in 1.1 N nitric 

acid v1ere used. This, plus the lal"'ge amount of pota.ssi'Ul'il n1 ... 

tre.te in the samples and other :reagents, produced very high 

ionio strengths of 2.0 or higher during the ti trat1on periocl. 

This, as is well known but frequently not stated., oauses the 

sta.roh-iodine end Point to degenerate from a sharp blue ... to .. 

colorless cht:mge to c, gradual . blue-to-red•brown""to ... ora.nge-to 

yellow change~ The f1nal eolor \li'as i:r esu:mably due te some 

species remaining at the end of th0 -tit:Patlon, possibly the 
9!""• 

HgI4 complex, 

solutions were about o,ool~ N, • the end pQ1n.ts were tl1ffle.ult 
' 

to reproduce, espeeially sin¢~ the next.t0,.,..the-.last color 

matehed quite olosely the Pefl.e()t!on 10f the inoandasce:nt 

lights in the room~ The use of the titration box as described 

above was of great e:ssistanee in overcoming this trouble• • and 

• with the use of a oomparison flask: it we.s found possible to 

reproduoe end :points within the limits of the othett va:riables ... 

La.tar work, whe:i;i>e the ionic str~ngth was less, ge.ve end points 

which were easie:r to detect., although not appreciably more 

reproducible .. 

Initially, the end points were found to be somewhat 

erratic at high ionic strength when the titration was oondue ... 

ted 111 the air• even though oxygen ... f'ree selutions ha.d been u.sed 

throughout .. l:t has been reported (!J.4) that the oxidation of 

the iodide ion by .air is. catalyzed by various heavy metal 



ions. The praetioe was therefore adopted, as 1noorporated 

in Procedure E .. 07, o:f bleeding the flask ba.c.k to atmo-spheric 

pressure after the bromination period with nitrogen rather 

than air, and of keeping a rubber oap over the top or the 

flask during titration. 'I'he improvement which this etfeoted 

is shown in Table 9. 

Table 9 

Effect on Blank Titrations of Oonduotin.g Titrations 
. b under Nitrogen 

M.ean No• ot Aver. Max. 
Blank . Detn. lD$V,. Dev. 
(ml) a (ml) a (ml)a 

Under Nitrogen -0.87 4 0.03 0~07 

Under Air ;1.00 L~ 0.15 0.19 

a. O:f o ooco9r! N Na s b_·, 
. _ .:;;, 2 . 223 

b. Ionie strength estimated as 2 .. or greater. 

While attempt·ing to deerease the ionic Gtrength 

during the titration by diluting the mixture after bromin

ation, some eviden~e (Table 10) was found that the reaction 

of excess bromine and iodide ion to form iodine was finite 

at these coneent.uations. 



Expt. 
No. 

288 

292 

Table 10 

Q Effect of Volume during Titration upon Blank 

Detn. 
No. 

10 
9 

4. 
3 
1 
2 

l 
7 

6 
5 
3 
l 

for All Aqueous Analysis 

Total Volume 
during Titr-s.tion 

(ffil) 

250 

400 

Timee. 
(minutes) 

l 
2 

l 
2 
J s 
.3 

10 
15 

1.s • 
2 
s 
$ 

1.97 
1.30 

1.)2 
1.32 
1.32 
1.32 

3.11 
1.61 
1.34 

2.12 
1.50 
1.28 
1.38 

a. From addition of potassium iodide solution to addition 
of , starch solution end beginning of ti trat-ion. 

b, Of 0.005620 N $Odium thiosulfate. 
c. Ionie strength estimated as 1.3 (for 4oq; ml) or 

greater. 

While the values are somewhat erratic• it was 

adopted as praeti~e and ineorporated in Procedure E-07 to 

allow three full minutes for reaction after the addition 

of potassium iodide solution when the lower ooneentrat:1ons 

of bromine were involved. Whether the apparent time effect 

was ea.used by the kinetics of the oxidation or merely by the 

slowness of' mixing of the larger voluines ia unknown. It wa$ 

noted that the mixing and/or reaction of each additional 

drop of thiosulfats solution required a finite time, so that 
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at least ten seconds were allowed between each of the last 

few drops of the titration. 

The stability of an aqueous solution of J-hexyne 

was tested in Experiment 322, the results of which appear in 

Table ·11. 

Detn. 
NO. 

1 
2 

l 
l 
7 
8 

9 

Table 11 

Stability of Solution of 3-Hexyne in -1.00 N 

Aqueous Potassium Nitrate •. Expt. 322b 

Elapseda 
Time 

(minutes} 

6 
33 
57 

128 

204 
11~01 
1418 
2753 

2776 

Per Cent Found 
of Hexyne take-n 

a. From breaking of ampoule under solution. 

b. No precautions taken age.inst oxygen. 

·'.rhe results are somewhat erratic but do show a 

definite decrease with time •. 

To determine whether the repeated failure to achieve 

100% analysis were es.used by failure of the analysis or by 

some defect of preparation of the solutions, some runs were 

made extracting the 3 ... hexyne from the aqueous solution with 

carbon tetrachloride, then analyzing the extra.et by the 

methods wh:i.ch previously hi1d been shown reliable. Special 



ea.re was taken to avoid losing any hexyne during the prepa

ration of the solutions by holding the volumetric flasks in 

a special rack inclined at such an angle that any hexyne 

rising to the top when the ampoule vie.s broken rose, not to 

an air .. wa.ter inter.face in ·t;he neck of the flask, but to a 

closed, water-filled part of the flask. While still in the 

inclined position, the· flask was rotated until no liquid 

hexyne was. visible. '.I'he results are -indicated in Table 12. 

Table 12 

Determina·tion of 3-Hexyne in Aqueous. Solutions 
by an Extraction Method. 

No precautions taken aga.inst oxygen. 

Ex.pt. Solvent Per Cent Found o·f Hexine Taken 
No. Mean Aver. Max. No. of 

Dev!! Dev. Detn 1s. 

336 1.00 N KN0
3 75.2 o.6 i'.o 4 

.34/+ Water 75.2 3 .. 3 5.7 5 

348 'Water 14-1.9 4.0 7.9 5 

'The • loss of hexyne was for a time considered as 

being due to hydration ot' the 3-hexyne to 3-hexanone. To 

determine whether thts compound would be brominated, a.mpoules 

of .3-pentanone (the nearest homolog ·readily available} were 

prepared and a solution of 3-pentanone in carbon tetra

chloride prepared. The sol1ttion was "analyzed" by the pro

oedure used successfully for carbon tetrachloride_ solutions 

of 3•hexyne. :Under id.enti:eru cond itions, except the amount 
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of 3-pentanone in the sample, the following ratios of meq 

of bromine taken up per :rnmol of pentanone were observed: 

0. 04.6, 0 a 60, 0 ,.88, 0 o 5L1-, 0. 066. 11hese values correspond to 

O.OOll.1-, 0.0037, 0 ,.005/1-, 0.0033, and 0. 0020 meq of bromine 

absorbed. It is seen that the a.mount of bromine is essen

tially constant and apparentl y a function of conditions{; 

rather than of the amount of pentsnone. Hence any hexyne 

which has been converted to hexan-one would not be detected 

in the analysis. 

At this point it was noticed that the greatest per 

cent losses were experienced in those experiments wheN~ the 

hexyne concentration was lowest. The comparison shown in 

'!'able 13 was made. 

- · ----------------------,--~.-·,·~·--·---- .__,_ __ _ 
•:.:- ,.,,r 

· - Dr. n. Lemaire has .found (L~6} that it is possible to 

ac,hieve a considerably higher degree of bromina tion of 

J-penta.none under somewhat different conditions. 



Bxpt . 
No. 

322 

336d 

3ll4 
d 

348d 
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Table lJ 

Comparison of Losses of 3-Hexyne in 
Various Aqueous Solutions 

Solvent Per Cent :Per Cent Calculated 
Hexyne Rexyne Cone. of 
Found a,b Lost Hexyne 0 

meqpml 

1.00 N KNOJ 70 30 0.00299 

1.00 JI KWOJ 75 25 0.00272 

Water 75 25 0.00302 

Water 42 58 0.00129 

Mean 

Aver. Dev. 

Hexyne 
IJost 
meq/ml 

0.00090 

0.00068 

0 •. 00075 

0.00075 

-0.00077 -
,.. 

0.000065 -
- 8% -

Max. Dev. = 0.00013 

- 17% 

a. Within a short time after breaking ampoule. 
b. Mean value 
c. All solution prepared at about 22 to 2.5°c. 
d. Extraction method used for- analyses., 

The agreement of the concentrations of hexyne lost 

is good~. considering that two different solvents and two 

diffe-rent methods of determination were used. In particular. -

the two values for solutions in water using the same method 

of determination agree very well. The constancy of the 

amount of loss, regardless of the amount of hexyne initially 

tal-cen, suggested that the hexyne was reacting with some su:b

stance dissolved in t he water. The only likely possibility 



is oxygent although carbon dlo~'(:lde is not excluded by this 

'I'he solubility of oxygen in water and in 1.00 N 

aqueous potassium nitrate under air at atrnospheric pressure 

is given by MacArt~1r (47) as 5.78 and 4.61 ml per liter, 

re spec ti vely- ~ These figurHs corresp.ond to O. 000258 and 

0.000206 mmol/ml, respectively., This gives a rat;io of 

0.000258 . 
To.00015TT0.-2>1 = 1.38 moles of oxygen per mole of hexyne 

1 t • t 0.000206 - 4 os ir1 i1a 0r, or {O.OOO?cjl(o:.251" ... 1.0 . :moles pav mole in 

1.00 N aqueous potassium nitrate. The relatively good agree-

ment here points strongly to t he conclusion that oxygen is 

the material which destr-oys the hexyne. 'l1his limited evi .. 

dence is not complete p1 .. oof, _nor does it establish whether 

2 01• 3 atoms of oxygen react with one molecule of l1exyne. 

The exact nature of the reaction of 3•hexyne with 

(presumably} oxygen in water is unknown_. f t ratio of 3 atoms 

of oxygen per mole of hexyno may be satisfied by both of the 

following equations whioh are purely s.peoulative: 

2CFJ
3

cH2COOH 

OHJ•Oll-CH2-CR2-CH-CH3 
OOH OOH 

This very interesting problem was not pursued further.•::, 

*Recent studies in this laboratory to explore th::I.s rHaction 
further fail to show any appreciable uptake of oxygen by 3 .. 
b.exyne in the presenoe of water. Oxygen is, ho1Ji1ever, taken 
up when mercury s,alts and acid are present. It may be that 
thE) oxygen present did not react wl th the hexyne until after 
the sample was in con·tact with the catalyst solution. 



However, the app arent e :f.f0ct of oxygen or some other 

material led to the attempt to prepare solutions under what 

will be Ctilled 0 oxygen-free 11 conditions. noxygen-frec" will 

be defined, for the p1J.rposes oi' this tho sis, as rneaning that 

water was freed of dissolved gases by boiling., then proteot0d 

from all other gases excopt nitrogen (and such argon or other 

inert gases as may have been in the nitrogen)• 'J.1uble 14 _ 

shows the re,rnlta of these atternpts • 

I~;q;,t·. 
:NO'• 

.358 

3,67 

377 

382 

Table 14 

Analyses of P1"elitninary Solutions 
Prepared by Oxygen•l"ree Techniques 

Method by which 
Solution Prep I d. 

Ampoule under 
water 

Aiupou'1 e under 
water 

Prccedur-e S•Ol 

Procedure S•Ol 

No. of 
Detn I s.. 

4 

5 

ti. 

5 

Per Gemt 1'_,,ou....11d of' 
• He:;iqpe Taken . 

Mean Aver.Dev. Max.Dev • 

90.6 0.3 o.6 

57.3.: 1.1 2.4 
101-io3 1.8 J.7 

97 • .3 2,.6 5.1 

The success of' Ex.pt. 358 in a(}hieving a recovery of 

he:x.yne of 90.6%, some higher than the best previous value, 

was very encouraging, but the mediocre results of F.xpt. 367 

made it evident that an improved method of solution prepara .... 

tion \wa.s necessary. As discussed under Preparation of Known 

Solutions, Procedure 8-01 was evolved and ti .. ied. 'I'l1e imme• 

diate 1mprovernent of results to 97-101'.h of theoretical is 

evident. 



1I'he analyses of Expts .. .322 th:rough 382 (except for 

Exp ta. 3.36, 34-J+ and 3!~8,. by extraation methods) had been per"" 

f&:rt!:1:$.d under essentially the sa;1ne oondit:1ons,. 

406 was the.refore undertaken to obtain information . coneern:1:ng 

the ~equired amount of catalyst, The following "standard 

conditions'' were tak~ns 

Total volume during bttomination, 70 ml 

Meqbromine taken, 0,05.35 

Jiknol$ me?Mour1e. sulfate taken; S.o 

Meq sulfu:C14} afl1d ., im,luding catalyst solution taken, 42 
M.eq_ :3-hexyne in sample* 0 ,02222. { 1.rhis was smaller than 

SJ11ount of .)J!iihexyne eneountered 1n any actual distri

bution run by a factor of· about 2.) 

IJI'hese were us-ed for analyses of approximately three 
... 

out of fouP samples, and the eompo.stion of the solution i'ol• 

lowed over a pe~iod of six days,. Mod:ificationg· were made for 

the analyses of the other sa1t1ples. Blanks were determined 

£or various amount$ of catalyst solution taken, ' the reaults 

plotted in Fig, 11, and the desired blank interpolated i"rom 

.from th,e resulting straight 11na, All analyses are shown in 

Table 15., Those results obtained unde:r stand.a.rd conditions 

were :plotted in Fig:~ 12,. The zero time per cent found of 

hexyne taken is extrapolated as 99,.B;i; the average deviation 

ot 25 points from the line fitted by inspeotlon is 2 .• 3~, tht . . . 
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2.00,---,----....--------------------r------

1.00 0 
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Millimoles of Mercurio Sulfe.te 

Figure 11. HLANKS FOR EXPT. 4,06. 
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Detn. 
No .• 

8 
9 

10 
11 

12 
14 
15 
lG 

17 
18 
19 
24 

2"/ 

28 
2'9 
50 
32 

Elapsed 
Time 

(Hours) 

3.4-Z 
?·.82 
4 •. 23 
4.6:'l 

5 .• 08 
23.55 
z~ •. s7 
24.28 

27.32 
?.E.22 
28.,65 
00.05 . 

31.08 

47.2, 
49.,35 
49 .• 70. 
BO.,® 

5$ $5.55 
37 53~95 
5i) 54.40, 
41 ?1-.l8 

42 71 .. 55 
43 7~:.-08 
44 98.-25 
45 ga.·,o 

4-6 99.lo 
47 147.08 
4-8 147.e.l 
49 147.92 
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T,ABLE 15 

9l~J3 
'76,.4 

81,.4 

eo.5 

58;.5 
e1 .. e 
58-.5 

.( 50 min} 

5-l, •. 7 
5-4.,9 
~,B . .,? 
45.0 

45.0 
52 •. 8 
29.3 
26.,$ 

·s1.a 
94_ .• o 
79 .. l 

78,.2 
'l? .,5 

96..5 
9fl.8 
9$.5 

74.,8 
.·74 •. 5 

2.5 0.,953 
l.5 o,~t82 
o.,o o.831 

0;.fi l.04'7 
1.0 1 •. 038 

notes: a. From b.rea..liting a.,;'!L:poule-. b., 5 •. o exoept as noted. 
c. R • · ~ foQYLd as obsel'''Ved J round . aii !iitefr)orated t1\ror.,i "Fig. · 
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R, of the observed value to interpolated value was calcu

lated. The values of R a.re plotted again.st the ffi"nount of 

catalyst in Fig. 13. For more thsui o .. ;5 mmol :mercuric sul

fate, the -rr,ean of f our values of H is 1.005, with an a"1er•age 

a.mount of 1:;.or>cu1·7 deoreasos is considered of doubtful sig .. 

ni fice.nc:e; it nny bo partitilly due to errors in locating the 

curve of Fig. 12 b;:r inspeotion., N'ote that in 1;111 instances 

the ratio of moles of 11'.,ercury to moles of hexyne was 0 .5/ 
o.00.555 :; 9, or greater.. The exact lower limit to which ·the 

amount of mercuric sulfe.te might be reduced and still give 

good analysts was not determined. .. 

'l'he kinetics of' the <11sa.ppeara.nce of hexyne were 

0xa;nlned, but no deflni te eonclusicms were possible. It 

appears ·r;o be fh-.st order in h@xyne through the fii?st fifty 
( 

hours., lt we.a initially believed that tr1e d.isapoearancc of' 

hox.yr1e under these noxygen-free 11 conditions wa.s caused by 

hydration, but the results of later e .x.poPim.enta w,h(n•e high 

pu:i?ity nitrogen was used, indict<lted that tho hydration was 

ext1"emely slow. It ssems likely., therefore, that the slow 

di.sa.ppearanco of hoxyne might bo due to small axn.ounts of 

oxygen intnodueed with the less pure nitrogen, unless the 

hydrogen ions provided b:J the acetie acid (but not present 

in the distributions) catalyzed the hyd1"a.tion. 

In consid.er>ation of Ex.pt. 4.06, Procedure E--07 and 

the following conditions were set up: 

Knov.'11 solution prepared by Procedure s-Ol 
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o.o __________ _,_ ___ .._,.,j ________ _ 

0 1 3 4 5 

Millimoles Merourio Sul:f'ate 

Figure 13. EFFECT UPON R OF MERCURIC SULFATE TAK]N. 

EXPEIID,I:ENT 406. 



Total volume du~i.n.g bromination, 165 ml. (It was 

an ticipa ted tha:t; 100 11.11 samples would be required 

dur>ing distribution runs.) 

Mercuric .sulfate t a.ken, 2.5 nunols .o ( Concentration 

of mercu1..,y :: 0 ~ 015 M, comp a red to O. 5/70 : 0. 0071 M 

in :Sxp t ~. Li.06 . ) 

Sulfuric. a c:ld taken, i ncluding catalyst solution, 1+2 meq 

Th:c>ee expel?fm~nts were then performed using four 

different sa:mple sizes i'rom the aru11e known solution (but 

diluting to the speoified total voluma during bromination) ~ 

o.nd analyzing at least .four smr1ples of a given size~ The 

i'i~st exper5.ment (No~ l.1.33) gave erratio results f'or reasons 

unknovfn. 

The results o:f the next tw<:) experiments ( No., 's. 4'+1 
,. 

and 460) are sho;m in Fig~ ts 14. and i5~ In Ii' i g ~ 14 it ls 

evident the.t while the analyses of the two largest sample 

sizes are reasonably accurate and consistent, t hose for the 

two smallest sample sizes are erratic and unacceptable, 

'The absolute excess of bro:rnine in the lat t er. samples 

was somewhat smaller than in the former, and it seemed t hat 

thi-s, together with the low concentrat ions of hexyne, lowered. 

the rate of bromine.ti.on to an unsatisfactory point. In E.xpt~ 

!i.60 the excess of bromine was increased to lOO;l and the other 

conditions held oonstant.~ 'J.he results in Fig. 15 and Te..ble 16. 

The points for 20.9/.,1- ml samples are not sh own in the figure; 

a s shown i n the table they give a llne of sotr1ewhat diff erent 
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T.A:BLE 16 

Analvscs of l{novm Solutions of 3-Tiex .. ·yne ii1 Acueous 
Acetic Ac:ld Under Oxygen- free -Conditions • 

E:iq::,erim.en t 460 

Points Used No . of 
Points 

Per Cent !round 
at Zero Time 

Best Linea,b Aver~ 
Dev.,% 

ldl except 1 7 
20.94 

All 102-.3 and 12 
50 •. '?6-

All 10.51 5 

All Z0 . 94 5 

Sample 
Size 

{ml) 

50.'76 

20.94 

1 0.61 

y 

100. 7 ":l 

100.? y 

101 .• 0 y 

98. 4 y 

... ·•.·r · c· t t 0 o- t e:x:yne on · e11 . 
{meq_) 

0.2721 

0 . 1122. 

0.05691 

Notes: a,. Fitted by inspection •. 

--
--
·= 

·-.... 

=· 

m:x + B 

1 00. 7 - 3 . 8 ~,x 

l00 . ?-3 . 83:x 

1oi. o-4. 3lx 

9 8 . 4 - 2 . 70X 

Per Cent 
Excess 
B:ron ine0 

46 

38 

124 

165 

b . y. = :per cent found of hex-yne te.ls::en. 

:&: = time :from breeking of e.,m:poule , hours 

c . Based on Zero tit.10 hexyne content. 

a. . Calculated from weights taken . 

0 . 90 

o.?2 

o.66 

1 . 0 



slope. '.l'he reason for this is unknown . Table 16 shows 

that all zero time values agree quit e well, however. 

CARBON T:CTHACHLOR ID:S ;JOLU'l.1I ON 

In an effort to gain some insight into the m.echanis1r-1 

of bi->ornina.t;l.on, the carbon tetrachloride phases of the anal• 

ysis of severnl experiments were saved . 1.I'hose from Expts .. 

708, 716 and 726 were combined, washed with dilute aqueous 

sodiu.rn thiosulfa.te to remove the faint iodine color which 

had appeared in them while standing, and dried over c alcium 

sulfate. The total volume of dried solution was o.hou.t 1.2 

liters. This was distilled through a column in port:tons- of 

a.bout 2,$0 ml each a.t a pressure of 110 mm and a reflux r a tio 

of' 2 to 1. The still pot wa.s kept ih a water bath which was 

maintained e,t le s .s than l~o0 at all times, 'l'he dis t illate 

was collected from 2!1-.8 to 25.J+0 (110mm ; uncorrected). (At 

these temperatures the vapor pressure of"' carbon tetrachloride 
, , 

i s 113 to 118 ram; the solution contained some acetic acid.) 

'11l1e r esulting concentra te of about 320 ml was then stripped 

in a sm@.ller column,using portion s of about 60 ml each time, 

t "' 1 O • • • f 1 • • f c:: to a pressures 1 ro:m 1 to 113 .mm. \U -ch a re • ux rfn:t.o o ;_,,J 

mh ' • d 1 2° 1· e po-i:; temperature was controlled not to excee + • A 

final concentra te was produced with s. total volume of 7 .5 ml. 

A few drops of t he concentrate, after warming for• 

several m:1.nu tes wi th aqueous hydrochloric acid , gave no 



precipitate of mercuric sulfide while standing 2~. hours with 

a. solution of aqueous sodium sulfide. 

Tha concentl:'ate appeared to contain more than one 

compound, and possibly three or four. None was readily 

separated by the crystallization techniques attempted~ 

One frttction erystallized from the original coneen .. 

trate and recrystallized from hexane with a white solid with 

a mel tlng point range from 1oli to 160°. Another cut produced 

by dropping some of the eoneerit-rate into 98;t et,hanol, then 

recryst nllizing .from 98;:f; ethanol, was a soft, smeary white 

solid which melted from 60 to 91°. This portion 0ontained 

bromine but gave a negative test for iodine and mercury •. An 

analysi~:- gave C, 20.J8i ; R, O.,.l~l;b , Br, 0.39%. These figures 

sb.ed little light on the nature of the mixture. 

'rhe products o.f the 0 brominstion" process remain 

unidentified , and the reaction schemes in Section G mu$t be 

considered as tentative. 

F. 

P01l1ASSIUM NITRATE 

rro be 'sure that the failure to achieve good analyses 

vnrn not caused by working at concentrations greater than the 

solubility of 3 ... hexyne and because it was desirable not to 

approach the solubility limit too closely in distribution 

experiments, the determination of the solubility was undex--

taken. 

The procedure was to equilibrate the aqueous phase 

* By Dr. Adalbert Elek .. 



by stirring with enough 3-he:x.yne to provlde a visible 

second phase, allowing the phases to separate, and ·then 

te.king sam.ples of the aqueous phase.. 'fhe results a.1..,0 shovm 

in. 'Table 17. 

Table 17 

Solubility off .3 ... Hexyne in .Aqueous ·Media 

a.t Room Temperature (20~2.5°) and Atmospheric Pressure 

Expt. Solvent 
No. 

326 1.00 N a.q. 
KHO J 

Water 

Gas in 
Conta:d:it 
with 

Solution 

Aira 

Ni t ro~ 
gen 

Solubility 
meg/m.I ··-,--'---_ - _--:m-0-1--

-M-ea_n ___ ·Aver. go. of· 11 ter ·-

122 
x10~4-

Dev. Detn .b 

3.0 4 
xlO"" 

( 2 .l,,}" )· 
- •-i--1<> 

6 

(mean) 

0.00305 

a. The rosul ts here are considered reliable, sincH-3 the 
amounts of hexyne in t he sample were moderRtely large 
compared t o ·the rnnount of oxygen . _ Even though some hex
yne rnaJr have been consumed, the aolutlon remained in 
eontac t with liquid hexyne. Tho pt,obe.bllity that the 
oxidation products seriously i n f l uenced the solubility 
seems slight. 

o. Semples taken for analysis, not equilibrnt i ons . 

The hi ghest c0ncentra.ticm of 3 .... hexyne in water 

solution ever used was 52 x 10'"'4· :meq/ml {E~pt. l,1,.60; some 

aeetle acid present in solution), or less than half-saturated. 

In l.00 N, a.queouf! potassl.um nitrate solution, the highest 

conce11.tre.tion of hexyne used we.a 30 x 10-4 meq/ml, or- less 

than one third saturated. 

It is to be noted that the pota.ssiu:m nitrate salts 
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out the 3-hexyne somewh at, t h e solubility in ·-N t1. ter b e ing 

a.bout 1.24 times the solubility in 1.00 N a queous p otassi'llln 

nitra te. 

AP PLICABILITY or MBTHOD 

In vi ew of the re sults of Lucas and Pressman (1) 

it is pre sumed that the eonsidePations outlined here apply 

to other a lkynes an<'.i to dihalogenolefins unless other• funo• 

tione.1 groups interfere:. The f a ilure of the method for 

1,1.,1,J+, J~.,q .... hexa.fluorobutyne ... 2 is presumably due to the 

effect of t h e trifluoro.methyl groups on the carbon-eo.rbon 

tll.."ip le bond . Any extrapolation of the method a s used here 

should be tested on knovm solutions. 

As previously discussed ., the principal difficulty 

ls indicated but not d e-fini 't0l y proven to b e the conversion 

of a readily formed intermedia te dibromo eompou.nd into a 

final product which has absorbed four equivalents of bromine. 

The finding of severa l p roducts in the ubromination1
• mixture 

is not surprising sinoe Francis (4,9), Ushakov ar1ci Tchistow 

(50) • and oth ers have show-.a that addit ion reactions ca~ried 

out in media con taining n egative ions will p roduce a mi1tture 

of products where a negative ion he.s added in plaee of a 

bromide ion. The situa tion in t h is analysis mi~t be repre""' 



11e-nted by the following aeheme: 

CR3 ... cH2 -OBPZCBr-CH2 -CH3 

!! (els or/and trans) 

+ OH.,·CH2CBr•cx-GH2•CH3 

III (ois er/and trena) 

1 Br2 , C 

CH.3 -CH2 -CEr cf"C,Br2-CH2-CR3 
IV 

CH3·CH2CBr2-c*Brx .. cn2-GH3 
V 

:- + + 
OH3Cif2.,.(]Br2 ... c*BrX-CU2-GH3 GH

3 
... oH

2
o•u,BrX-C{l-BrX-CH

2
-0HJ 

VI 
V 

+ 
CHJ •CH2CBr-2 ... ox2-GI-I2cH3 

VII 

}[ is most prc.bs.bly the acetate ion, on3cocr: , qr leas probably 
... 

S04H , 01-r, or some mo:t'e ernnp1ex ion involving mercury. It 

should be noted that where the carbon atoms a.re raarked with 

an asterisk, a pair• of optical isomers a.re produced (unless 

somE') 1.Ul1a::no'lt'm consideration of Yaecha ni sm prevents it) ., The 

above scheme shows that seven distinct compounds a.re po.asibly

IV, v-d-configura.tion~ V-1-conf'iguration; 
. - .,, ..... ...,..., 

VI-d-..eonfiguration, VI-1-eonfis'U.ration, VI-meso-configuration 
- - · 

and V!I. tr more than one vstriety of x'"' enters the reaction 



the number of possible products mounts r apidly, and if an 

x• rather than a Br- a.dda to I, the same is true. 

The reason for the difficulty in progressing from 

the olei'inic inte1,,mediat<:i to the s a tu:t"ated final product{s} 

is not known. It may merely be that the re.te :l.s quite s:low 

or negligible, or it may be that there is a..n equilibrium 

position between the two states of satu1--ation. If the 

mercury enters as a catalyst under the former, some type of 

reactive int;erm.ediate might be formed of the tyipe 

Such are v-H,11 known :for ordinary olefins Oto}. This specu

lation might offer a profitable point or attaek for further 

study of the 1nechanism. 

If the mercury serves to d~splace an equilibrium 

between the olef'lnic intermediates and the :C1.na.l products, 

some new p roduets must be 1nvo1 ved for which the equilibrium 

lies mu.ch farther to the right• 

F':\CTOHS DlFLuf lWING ANALYSES OP SAMPLES IN CAff30N 'l11:n1i1A-

CHLORID'f~ SOLU'l' ION 

Such solutions p:roduoe a. two phase system when the 

sample is adde d to tho aqueous reagents used. As is r•eadily 

evident, tho situation is quite complex when two phases are 

present;;, whereas it appears to be much more simple when the 

system is homogeneous. Consideration should be given in any 



further studies to the use of a system which would be homo ... 

geneous even when earbon tetrachloride is added, as was done 

by Johnson and Clark (51) by using an acetic aeid medium. 

Solubility data for the acetic acid-water ... (uil.rbon tetrachlor

ide system is available (52) which would be o:f considerable 

help with such work. 

1rhe work, done with Proeedure P...0:3 and illustrated 

ln Pigures 2 to 7 and Table . .3 shows that in a sulfuric acid• 

mercuric sulfate-bromine-water-carbon tetrachloride system; ,,.

the rate of bromination i ,st (a.) highly dependent upon the 

e...mount ot: mercuric salt pres:ant, the rate increasing as the 

concentration of mercury inerease1J; ionized salts (mez,eurie 

sulfate., mereurie perchlorate) ar~ niuch more active than un ... 

ionized salts (me.reu.rie chloride) J (bJ only slightly de

pendent upon the concentration of h~omine present, the rate 

increa.sing slightly as the concentration increases; (c) 

apparently independent of the presence or absence of bromide 

ions, except as aueh ions reduce the concentration of uneom

ple:xed meroury p1"es~nt; the theoretical bromidepbromate 

mole ratio of 5/l should be used; {d) dependent on the 

amount of acetic acid present, up to a mna.11 but definite 

value; the rate increases as the ainount of acetic acid in

creases, reaching a maxim.um value; (e) slightly dependent 

upon the volume of the carbon tetrachlo1"ide phase, the rate 

decreasing as the vol~~e of carbon tetrachloride decreases; 

(i') markedly dependent upon the volume of aqueous phase, the 

rate decreasing as the concentration of Pea.gents decrea$eaJ 



(g) dependent upon the kind and amount o.f aoid in the 

system, the rate decreasing slightly as the amount of acid 

decreases. 

The rate of brornination is sufficiently rapid to 

give a good analysis in a sulfurie aeid-bromine .. earbon

tetraohloride-we.ter syatem if suffie,ient mercuric salt is 

present. Less mercury is required. if' a small amount of 

acetic acid is aq.ded. Perchloric a.old may be substituted 

for sulfurie acid, but a greater amount of mercuric salt . is 

required. 

'l1he rate or bromination is not suffioien.tly rapid 

to give satisfactory analysis in a hydrochloric acid-bromine

water-carbon-tetrachloride system. using mercuric chloride as 

a catalyst, either with or without acetic acid. 

Addition of sodium. chloride a.fter the bromination 
I; 

period may be omitted without af'feeting results. 

The above result were determined using amount.a of 

hexyne .from 0.02 to 0.2 meq. VVhen larger a.mounts were to be 

determined, further work was necessary to achieve satisfac

tory results. 'l"he various conditions of analysis and the 

results they produced are summarized in Table 1~. In addition 

to the considerations previous mentioned, it seems indicated 

that only mercury ... to-hexyne mole ratios greater than unity 

are sa.tis.fa.otory, and that a.s the volume. ot the carbon tetra• 

chloride phase dim:tnishes, higher ratios are necessary. The 

implication is that the mercury enters the reaction sto1-

ehiometrically, as would be ·the case of the formation of a 
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Table 18 

Oonrnarison of the Condi tionaa of J..nalysis i'or 3-I~erJne 
.. - in Cerbon ?etraehlori{!e Solution 

Volumesb 
CC14Phase• ml 

Aqueous Phase,, ml 

Meq O·f s ... ner-.;ne 1n 
aamplea 

Gone.0 ot Aoetio 
Aeid., 11 

Brominat:ton Time• 
Mi.nutes 

l?roe. 
F...03 

50 

37 

50 to 
100 

'rable 
4 

11 

40-50 

39 to 
210 

21 

70 

10 to 
15 

0.02 to 0..,3f6 
()..,2 • to 

1.11 

15 

1.0 

l.019 

o •.. 02s o •. ozr; 
to 0.031 

0 .so t/41 2.14 
0.85 

15 7 

natto. M Moles Ilg 
Maximum l! Moles HeJtyne 5.,0 

18 

- 89 to 
209 

0.,700 
to 

1.413 

0.11 
to o.44 

l ,.~5 
to 3.02 

3.4 to 
5.,0 

15 

4.45 to 
EJ..2 

3.50 

Table 
7 

ll 

45•48 

'75 to 
125 

o.,~~6 
to 

l.-211 

0~-21 to 
0.22 

2._00 to 
3 .• 06 

:;.s ·to 
3.~-9 

15 

10.0 

I.:totesi a.. !lo precautions w-ere tal<:en a~inst c,::cygen in any of 
these exp.e:r:Lrnent..cJ., It is to be noted thttt if the 
a&11e mnounts of he:xrn,e were lost as in aCTueoir.s 
solutions {Ta1:ile- 131 •· the loss vlould not ·ue not!c
a.ble. 

b.. ltomlnal total volumes 
o.., Calow.ated on smne a13sumptions as nominal total 

volumes. 
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meroury-containing compound was the factor which shifted the 

equ111br1wn (see above). However, the exact species as which 

the mercury is present is unknown; probably it is distributed 

among Hg+t J Hgso4-, Hg(HS04)2, Hg(HS04-)~ Hg(OCOCH3)2, 

Hg(OCOOH
3
t, or others, some of which might complex ions 

ca.:rrylng a. negative charge. There has been reported some 

evidence for complexes between bromine a:nd mercury compounds 

of the type flg,'{2 •Br2 where X is bromine or chlorine (53}. 

The complexes of olefins and :mercuric ions have P' eviously 

been mentioned. 

The distribut·lon of three and perhaps more solutes 

a:ppea.rs to be of impol"tm ee in the two phase system. 'l'he 

three essential solutes are hexyne, bromine and some mercury 

compound. The improvement of analysis as the volume of the 

oarbon tetrachloride is increased, ·~11 other factors being 
1 

equal, suggests than an appreciable fraction .of the bromin

at1 on takes place in tha t phase, Since the bromination · at 

least of l•hexyne (13} does not go to completion in carbon 

tetrachloride in the absence of a catalyst, it appears that 

some mercury species is in the carbon tetraehloride phase. 

This might explain the beneficial effect of acetic acid if 

mercuric acetate is more soluble in carbon tetra.chloride 

than is mercuric sulfate or mercuric bisulfate. 

Inspeotion ,of Table 18 also indicates that possibly 

more sulfuric acid is required as the volume of the carbon 

tetrachloride phase is decreased. The rea,son for this, if 

1 t is true, is not evident. It ma.y be necessary to distribute 
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more sulfuric acid into the non-aqueous phase, or to convert 

the mercury i n to some species such as Hg(so4)~-. 

FACTORS IN:B'LUENOING THE ANALYSES OF SAMPLES I N AQUEOUS 

SOLUTION 

r!'he analysis of 3-hexyne in a. single phase all-aque

ous system appears to be mueh less eomplioatad than in a two 

phase system, providing that no loss of hexyne occurs 1n 

preparation of the sample solution. Sulfuric acid concen

trations of 0.26 N, mercury concentrations o~ 0.0303 Mand 

100;& excess of bromine proved to be adequate. Aside from the 

les-s readily detectable and more slowly functioning end point 

found when high ionic strengths occur during the titration, 

the procedure is satisfactory. 

The questi0n of . what destro<ys or converts the 3 .. 

hexyne in aqueous sol~tion rema~ns som.ewha.t in doubt. 'rhe 

results of this work were satisfactory only if all gases 

except nitrogen ( an·d : concomitant inert gases) were excluded. 

Other evidence (48) suggests that the hexyne does not react 

with oxygen until mercuric salts and acid are present as 

catalysts. 

ACCURACY AND PRECISION OF METHOD 

Tables 6, 7, 14 and 16 have shown achievement of 

analyses indicating values of per cent found of hexyne taken 

of 97.3 to 102.4, with pre.ct1ca1ly all results lying between 



99 and 102. Table 19 dete.ils the information noted during 

the distribution experiments described in Part I~ (as sum .. 

me.rized in Table 7). 'The roa.te1,.ia.l balances tended to exceed 

100% when the aqueous phase contained silver ion. The ca.use 

of this is unknown. lt is believed not to be absorption of 

bromine in the silver bromide precipitate, since blanks were 

run and were reproducible under identical conditions. It 

seems doubtful that it was due to substitution, unless the 

silver ion somehow catalyzes substitution, :i'or no substitution 

was indicated at any time in dealing with solution. in either 

carbon tetra.chloride or in water so long as the flasks were 

kept covered during the bromination time. It is of interest 

that under dif'ferent conditions, results in the determination 

of J-hexyne which were some 2 to 7~ greater than theoretical 

were observed (1~6). 

T'he average deviations experienced within sets of

determinations are indicated in Tables 4, 6, 14, 16 end 19. 

Caution should be exercised, however, since low average devi

ations are encountered even when the analysis is inaccurate· 

( i:t1able 4) • 

It is concluded that, under the conditions described 

here, accuracy of 99 to 102% with an average deviation of 1% 

may be obtained in tr1e determination of 3•hexyne for a.mounts 

of from 0.02 to o.,52 meq in aqueous solution and from 0.02 

to 1.41 :m.eq in carbon tetrachloride solution. Extrapolations 

of the conditions should be tested upon known solutions.-



; ,_ .::=. ::: ::; ~ 
4 _-O_iltl l.;t --2.0- 4 
S Oi2'16 0.7 1.0 S 

4 -_ o.2s,; ··o.6 o.6 3 
4 o.,;,226 o.s -- 1.4 3 

4 ·o .. $,26 0.4 0.,7 3 
3 • 0.,230 o.s o.s 3 
2 o.208 - · 4 
4 0.171 o.6 1.0 3 

3 0♦'567 0.4 o.6 3 

' -0.390 0 .. 7 1.0 3 
} o..:m o., 1 .. 2 3 
3 0.401 0.7 1.,0 3 

·-
3 0.414 0.4 0.7 3 
3 o.388 0.1 1.4 3 
2 0.§27 3 

3 a.m 0 •. 2 03 .. 4 

4 o.n-s 1 • .3 Z.8 4 

2 084()-- -• -• - - 3 

49~1 
77.7 
24.1 
29.3 

26.9 
27.0 

21.6 
S .. 94 
s.,o 

-1.15 

15.3 
10.5 
9.82 

13.:l· 

10.2 
10.0 
14.0 

25.8 

~.4 

4.96 

0.2 0.3 ?9.6 104 
0.:1 0.,2 69.4 108 
1.3 2 •. 6 75.7 82 
2.3 3.9 80 .. 0 109 -

o.8 1.2 71.3 llO 
2.0 :,.o 73.1 ll2 --

o .• s 1.1 91 •. 1 109 
0.9 1.3 9~5 107 
o .. 7 0.9 92.4 no 
o.s 1.2 9'1.9 107 

0.2 0.3 89.l 108 
0.2 OJ4 
o.6 0.,9 96 •. 8 107 
1.7 2.6 92., 87 

o .. 6 0.9 97.3 184 
1.1 1.7 97 .. 1 102 
1.9 2.0 

1.4 2.e ss.6 104 

1.4 L9 82.9 1m 

1.4 2:.1 96.8 104 

lotut ~t of .),-He:r;;yne in aamples nmgecl f'rom 0.,483 to 1.212 ~ when 
the $>'lvent was carbt)n t.trachloride and tr• 0.0241 to 0.249 m.eq 
w~ the solvent was an _ aqueous solutioL 0014 Phase analyse• 
performed ·by Proc~dure ~ - A-queous Phase analyses• perf'Ol'med 
by P~ed•e F,.,IYI. 
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PART II 

COMPLEX FORMATION BY THE CARBON .. CAH130N TRIPLE BOND 

A. I NTHODUCTION 

It has been postulated that the carbon-carbon 

triple bond should show complex formation with me tallic 

ions in aqueous solution as does the carbon-carbon double 

bond, yet ~- search for this effect was unsuccessful where 

the i nf luence of an acidic acetylenic hydrogen was absent. 

1'he tremendous development of acetylene, olefin, a.nd carbon 

monoxide chemistry in Germany in the,. years 1939 to 1945 , 

involving i n many instances t he catalytic effect of copper 

or silver compounds , raised again the ques tion of a triple 

bond-me t a llic ion interaction. 'rhi1,3 work was und.e r taken 

to re-e.xalTi i.ne the problem. 

B • HIS '.l'ORICAL. OLEFI N COMPLTiXES. 

The wor•k 1n this field prior to 191+.0 h a s been re

viewed by Keller {54). Comparatively little has been done 

since that time except for the papers by Andrews, Keefer and 

ffepner {SS, S6, :57, 58, S9), of Gilliland, Bliss and Kip 

( 6oa), and of Ward and !>iiakin ( 6ob). With the exceptions 



vihich will b e specifically noted later, all the work smn

marizcd by Keller was of a synthetic nature .. A very con

slderable rn.:unber of different oJ.efins were tes t ed up to 

and including seven-carbon compounds and some terp.enes. 

Table 20 sh ows some typical examples for eacl'l metal reported 

to comp lex.., and draws sor11e comparisons,. It does not, how

ever, include smnples of a.11 the various types. The princii:al 

feature which may be noted is that, for the compounds which 

are the b est defined, the metals have linear (copper, silver, 

mercury) configurations or square planar (platinum, palla ... 

diurn) configurations. Inspection of a table of ionic r ndii 

(especially the picture by Crunpbell (61)) suggests t hat the 

complex-forming ability of the metals falls :tn the a r e a of 

mi.nimum size change in going from neutral atom to charged 

ion. \'Jh ether or not this has any- significance is not ap par

ent~ Bailar (60c) has discussed the coordinating t endencies 

of metal ions with various r e a gents .. 

The equilibria existing in the formation of ole:t"'in

metallic ion complexes were unstudied until t he work of 

Eberz, W'elge, Yost and Lucas (62) and of Winstein and Lucas 

(63) who investigated the interaction of silver ions with 

various olefins. Since then papers by Lucas a.."""ld collabora

tors (64-a, b), Lucas, Hepner and Winstein (6.5) and a series 

by Andrews, I'~ eef er and Kepner ( S.5, _5q, 57, 58 ~ 59) have 

studied the equilibria. for silver, mercuric and cuprous ion 

complexeso 'r:'oe latter group introduced (.56) a two•phase 

liqulo.-solid equilibr'ation method. vihich appears to be 
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Some frypical Solid. !iletallie Salt - Ole:fin Complexes 

-Charae tei·isti.csk' • 
of Wfetal 

Groun 
(a) ( j) -

Co-ordin
ation 

N111nber ·-----------------------..,..;.. 
Ag 

Cu-I b 

7..n g 

Pt 

Pd 

Fe II b 

Fe III 

Ir b 

AJ. b 

Cu:Cl .C:#!4 

Cu2c12 .C c-J\5 . 

7:.n.C 1 :2: . ci110 

:PtClo.Un 
r::t 

Ib 

IIb 

VI!I 

2 

2 

4 

4 

6 

6 

Notes: a.. J!'rom. Kell er ( 54} unless otherwise noted . 
b., :Ethylene 
e. dieyclopentadiene 
d,. l,3.-butacUene 
e. :propylene 
t.. i sobu tylene 
g. amylene • 
h . styrene 
i. eyclohexene 
j., of' Periodic rrablo in ·which metal falls 

Donfig"; 
uration 

( " '7) K, . 

Linear · 

Linear 

Scua.re 
. 1)1anar 

Sauare 
Pianar 

Octa
hedral 

Octa
hedral 

Octa
hedral 

k . as usually :reported :for inorganic oom.potmds 



superior for work 1uhere the solubility of' t he inorganic salt 

is very limited., whereas Lucas and his collaborators had 

used a two-phase liquid-liqu1.d equilibration with inorganic 

salts of moder ate solubil1.tye Tho avo.j_lable data is still 

somewhat scanty, but Tab1e 21 make s such compar ison as is 

pqssible for the different metals, Only those olefins are 

includ.ed with whi ch more t ha..11. 'one metal has been studied; 

constants with onc:J metal are available for mimy more olefins. 

It is ev:l.dent thH.t the equlllbrium lies :.aueh furth er to the 

right for co:mplexe s cont aining the cu:prous ion or> the mer ... 

curie ion than for the silver ion, 

1.'he bond formed in ·!:m olefin-metallic ion complex 

has be en much discussed (5~-, 63, 66, 67, 68). It appears 

that the bond is formed by the interaction of the electrons 

in the pi molecular orbital of the d?uble bond with the 

met allic ion, the exact nature of both haYing considerable 

effect on th.0 strength of the bond. 'l'ho various studies give 

insight into the influence of the hydrocarbon structure , but 

no work ls :r•eported on the chat·a cter:i.stics of' the n etal. 

AfWMA TIC COMPLEXES 

The first investigation of the complexes f'ormed by 

aromatic compounds appears to be the work of Winstein and 

Lucas (63) with phenol. T'he n.rst aroma.tic hydrocarbons 

were studied by Andrews and Keefer (69). The affinity is 

muoh less pronounced than that of the olefins or even of 

3-hexyne ( see Table 30). Subsequently a. study of the Henry's 



~ - . .. - 1 

-84-

TJ...BLE 21 

Relative Co.'1.!plexin.g Po-v~·ersa o"f Varlous 
?Aste.ls with Oler-ins 

1 . li 

• ;aq.._ I . 
xo 

I ·' Sf . 

, •• mlver· 
iop. 

' i~ercune .. ,, 
ion 

179,.S 2.2:x104 5.0xl04 

Ethyl vinyl • 
ce.rbinel 

ile th;rl vinyl 
(H:it'binol 

r .; :r---diraethy.1 
allyl aleohol 

b-methyl 
a.llyl al.eo.hol 

2.-methy1- • 
2-butena-l-Ol 

b-chloro allyl 
al.cohol 

er-0 tyl alcohol. 

All;rl aleohol 

5 .3xio4 11x105 
( 59} (52) 

o.,55uo4 5.9xlo5 
(59) (59) 

. A n ,. ~.-, -o.4 A ..-,.~ _ 1· 0 Q • VG<2.z...J. • V · • -•X•X- Q 
( 59). ( 59') 

. J! 
-1. 0:x:10¢ 

(59} 

5.2:rl.04 
{59) 

K • t:Beu++~r• 
·_- 0 BJ; n,u-1 --- · · ,,_ 

d. .K : {Bc.uc11 
rn.l cau;;<lrt1...rr 

( 63) ( 65) (55). 

14 
(59) 

lA 
{pi) 

:Ll 
(59} 

5 
(59) 

0 
{59) 

3.,g: 
(GS) 

14 
(59} 



Law c onstants for hydrogen chloride in various aromatic 

• hydrocarbons was reported by Brown and Brad-y ( ·70), while 

Benesi and Hildebrand (71) studied the complex formation oi' 

iodine wi th benzene and mesitylene. The latter was contin-

ued and discussed by MulJ.ilrnn (72). Rundle and Holman (73) 

have studied a tetri:unethyl-pla.tinur-11-benzene complex of the 

Uemura tl & ( 74.) are reported 

to have studied the complexes of substituted triazenes with 

unspecified metals . 

ALKYNE COMPLEXES 

'l'he earliest evidence of c.omplexing of acetylene 

or, acetylenic compounds ls contained in .the work on cuprous 

and silver acetylides of complex composition. 'l'his has been 

reviewed by Niooiv!land and Vogt (42) ~, L'ven to,.day some of the 

.Phenomena obseFved there are not completely understood, a l ... 

though. in recent years Ves tin and co-workers have r•esumed 

the study of such compound.s (76, 77, 78); t h ey described a 

compound with the formula C2(CuCl)sK2, and several oth0rs. 

Shaw and Fisher (79) have described Ag2c2 .6AgN0 3 
and Ag2c 2 .AgNo

3
, a.nd Shaw ( 80) has been issued a British 

patent forthe preparation of Ag2o2 •6AgNo3 and HgG2 • 3AgNo3• 

The exact structure or these compounds does not appee.r to 

have been elucidated. The formu1a.e, however, suggest that 

the o2 group may coordinate with up to 6 or 8 other groups 

such as AgN0:3,or 0uc1.. The crystal structure of these com

pounds would be of interest. 



Tau f en , i',1u.r1,.,ay a nd Cl e vel a.11.d ( 81) exami ned the 

effect upon the Raman specta of v erious acetylenic compounds 

of dissolving them in aqueous solutions of silver nitrate or 

silver perch lorr,t e .. Por c:1.s·~ a n d trans-2 .. but,:::ne , eye lop en--

t ene, hexern~ -1 an d c ycloh(3Xene and f o r e t hyl-, propy-1- amyl .... 

and ph.enyl ac etylene t h e:l observed•::- an app :r•ociable increase 

i n solubillty ( a s con:rp ared with the solubility i n water) and 

a shift h1 the double or triple bond frequencies. No solu..-

bili t y incroas o was noted·~H,. with diarnyl a coty lene,,e t hylbutyl ... 

acety l en e and d l othy le.cetylene. They d icl not, or a t least 

do not state i n t hei:P paper· t h at t h ey d i d , examine t he spec

tra of any solution of a disubstitute d acetylen.e. I t is 

b elieved t h at t h. :ls is the evidenc e on which they r opor tc,:i. 

t hat the di substituted acety lene::; did not cmn.plex with silver 

ions. 

With olefins, Taufen .tl al ob served the.t conplex 

forma t ion lowHr>ed t ho double bond frequency of 1600 to 1700 

-1 1 -1 cm by oO 01" 70 cm . In mono-substituted acetylenes the 

complexing spl i t t h o triple bond fi-•equency of 2110 or 2120 

e111•1 i n to t hree l i nes which h ad frequencies of app1.,oximately 

15, 45 a.n.d 6;:; cm -l lower t han t h~ original line. No precau-

,q, 
¥Presumably by visual estimatd, although not specifically 

so stated. 

-~➔t-
This is not surpri13ing., considering the approximate visual 

method used to estirnate solubilities • rr:'ne results ob t nined 
in the pl,.. esent study by analyses show only a ten-fold or 
less increase of a very small original solubility. 



tions were t aken 13.Galnst oxygen, but the amounts of alkyne 

wer(-) so l orge that the amount whi ch might have been consumed 

by any oxygen originally present in the aqueous solution 

would be mnH11 find unnoticed. 

•rhe above work by Tau.fen ~-~ al and of Vestin and of 

Shaw :indicate s th,:tt when nn acetylenic hydrogen is present 

or, more accurately, has been replaced b y tl metal ion, the 

c~:1rbon--carbon tr:inle bond is able to interact or comnlex with 
L ~ 

metallic ions or corrrnounds. The ev:i.dence does not disprove, 

however, the ability of the carbon-carbon triple bond to 

complex with groups 0th.or than hydrogen or metal attached to 

complex. 

No reference to any study of acetylene complexes 

was found in the reports of the Germ.an work on acetyl ene 

chem~st'.):"71r. 

Lemaire (14-6•:}) has used an indicator rnethod to in

vestigate the 3-hexyne-mercurie acetate-perchloric acld 

complex in a non-aqueous medium, which appears to be the 

first report of complexing of the carbon-carbon triple bond 

when no ac:l.dic hydrogens are present• 

0. PRELIMINARY CONSIDE:RATIONS 

The study of the alkyne ... me-tallic ion oorn.plexcs re

ported he1'"'e was pursued in the light of the above consider

ations,. 

1;-Lemaire' s work was done while this work was in progress• 



To be tree of any oompl1.oat1ona ar1e1ng fNill the 

pre·••noe ot a ::i::QH group. t.he a1mplest- aymmetl"lcal 11quic1 

alkyne na chosen. namely ►he.xyn•• Ita pro.pert!•• have ••• 

••ei-1bed 1.n Table 1. The two-phase l1qu14-11qu1d equ1l1-

brat1on method ot Ebers., Welge,. Yo.st and Lucas (62) and of 

Winettein and Lueas ( 63) was adopted• s1.nee 1t permitted oal

cul.ation of the equ111br1um constants involved. rtle t•o

phase 11qu1d-aol1d c.tqu1l1brat1Gn method of Keef"er and Arutrew• 

(561 was published while this work was in progress; 1t d14 

not offer uy advantages where adiltquately soluble metal 

sal ta &UOh as •11ver nitrate were available. Following W1n

ete 1n and tucae. the t.on14atrengtb of the aqueQUa phase._ 

maintained constant at f-;; 1.00 by using the proper quant:1-

- \:lea ot pQta.ss.1wn n1 trate 1n solut1on w.1 th whiehever otbeP 

salt was 1n solu-t1on. Tb1em1n1ra1zed any salt.1ng•1n or · 

attl.t1ng-out ettec.t-$:• altnoup .• ther ·•<>nsiderat1ona o-eeaEJ1-on ... 

ally nee•••1 t .at.ed deviatien. from the practice. 

Tn• eboloe ot meta.le to be studied was gu1tl.ed by 

tJlt 00na1dei".at10JU1 al.ready tiscussed. tor the ols fin oo-m

pl~xes ~ Al though the "tona of ruthenium. rh.od1~. o.,,d.wn, 

1r1d1um_, pa,lla41ttm a_nd platinum demontrate marked eom.

plex forming ab111ty. they wer--e not .tnvest1gated here 

because of const<lerationa of oost, slds reaet1t>nt.. •<>h• 

ub111 ty ob:araet.er1st1ns unfavox-abl4t t.o l1qu1d-11qu14 d.1s

'\r1but1on methods, and possible- interterenoes wtth 

lUlal:,eea. :tt would be or mueh interest to try theu metals.. 

either by the eynthetlo me:thod of -Kbarliaeh and Ash• 



rord (82) or by the liquid-solid method of Kee.fer and An ... 

drews • Gallium, indium and thallium were not tried because 

of theirf ailure to complex the ole:fins. 

Some aonsideration was given to the possibility of 

a non-aqueous distribution system, particularly one using 

tetrahydro.furan ., the solvent used so widely by the German 

chemists in their acetylene studfe.s .. 1Ehe liquid•solid eq_U.i• 

libration method might be more sueoessful here sinee the 

solubilities of' inorganic salts in organic liquids a.re very 

small. 

D. EXPEHIMifilifTAL 

The ehronological development of the distribution 

studies closely paralleled the development of the analytioe.l 

rne·thod. in that as the interference of oxygen became evident, 

the distribution technique was modified accordingly. 

l!li:.1'EHI ALS 

Most of the :m.ateriuls used in th.is Part are identi

cal with those used in Part I and will not be described again 

here. 'l'he following exceptions are noted: 

Zino nitra,.te hexahydrate, cad.n1i1.L11 nitrate tetra.

hJrdl'a~e, nlc~el nitrate b,exe.hyd:rate, cobalt nitrate heX:o/!I"" 

drate and cu:prie sulfate pentahyd:r>ate were all reagent 

grade. S~lutions of these for blanks and for distributions 

were made up by weight; this procedure probably introd~~ed 

some ,.error for tho~ salts which are hygroscopic• but since 



no appreciable complexing was indicated and no calculations 

involving the exact concentre..tion of metallic ion were per• 

form.ad sueh. errors did not affect the results, 

Cuprous chloride was prepared by the method of 

Henderson and Fernelius {83). It was s t ored in small amounts 

o'f a gram or less in small test tubes sealed by paraffin

coated cork stoppers., Over the :four month period -~vhen the 

mateJ:tial was used, no deterioration was perceptible by-

color. 

pyc l~hexene, Eas t:man Kodak Company Wl1 i t e Label 

grade, was distilled., a cut boiling 81.1-81.5° (uncorrected) 

being taken. When some wa.s required for a run, the amount 

needed was red1st111ed from sod.ium i mmediately before use. 

· · 2$ l,)l · Tl---ie redistilled materie.l gave nD :: 1.4437. Egloff (37) 

gives n~5 = 1.1➔437. Since all likely contaminants suoh as -v ~-

eyelohexar.ol and cyclohexane had. n~5 ve.lues which diffor by 

at least 0.016, it was considered that the cyclohexene was 

sufficiently pure for the preliminary studies ln wh:lch it 

was utilized. 

NOTA 1rION 

The notation :i.s that of Eberz, Welge, Yost and 

Luoas (62) and was also used by Winstein and Lucas (63). 

B : unsaturated substance 

{Bt) :: total concentx>ation of unsaturated substance in 

aqueous phase> i1l.oles/liter 



(B):: concentration of uncomplexed unsaturated material 

in aqueous phase; moles/liter 

(BAg) : concentration of species (B•Ag) in aqueous phase, 

moles/liter 

(BAg2) = concentration of species {Ag•}3 •Ag) +-t- in aqueous 

phase, moles/liter 

(Ag+): concentration of free silver ion in aqueous phase, 

moles/liter 

(Agt) = total silver concentration in aqueous phase, 

moles/liter 

(B) 0 = concentration of unsaturated material m carbon 

tetra.chloride phase, moles/liter 

LI -I ~ - ionic strength 

¥'D = (B) 0 /(B) ;; distribution coefficient of the un ... 

saturated material betweeµ carbon tetrachloride 

and the aqueeua pha_se 

K: evaluated complexing oonstant 

-... 

= 

(13Ag) 
(B) (Ag+~ 

(2) 

Note that thEfse expressions are based on the as- ·_ 

sumption that no (BAg2) is present~ See discussion 

on evaluation of K1 and K2 • 



(BAg)/(B)(Ag+): first argentation constant Kl -.. 
K2 - (BAg2) = second argen·te.tion constant 

(BAg) (Ag+) 

K 
0 

= K1/KD 

f1) observed for some aqueous solution 
---·-interpolated for potassium nitrate solution 

at seuno value of (B) c 

z :;: 

The following abbrevia.tj_ons are also used: 

meq = mil lie qui vs.lent ( s). Wlost of the concentrations 

were expressed :tn this unit for ease of calaula

tion of analyses. On the basis that four atoms of' 

bromine add to one molecule, for hexyne., l.~ meq = 
1 millim.ole. Note that all symbols preceding this 

are expressed in moles/liter. 

PRELIMINARY .DISTRIBUTIONS 

The first exploratory distributions were undertaken in 

the simplest apparatus considered adequate for the purpose : 

a flask which was stoppered and shaken by hand. 11b.e aqueous 

phase was decanted from the carbon tetrachloride phase, and 

both phases sample d and analysed for 3-hex.yne content. In 

some of t hese experiments, the aqueous phase was centrifuged 

before sampling so e.s to insure complete settling out of' any 

carbon tetra.chloride droplets. 1'.his method was used for the 

distributions of cyclohexene and for the prelim:1.nri.ry distribu .... 

tions of 3 ... 11.e.x;yne . A simple we,ter bath without automatic 

control provided temperature control at 2,5°.±1°. 
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APPARATUS ?OH OXYGEN-FREE DI ::;THIBUTIONS 

V.i'hen study of the analytical method for 3-hexyne 

indic a ted the interference of oxygen., the procedure and 

apparatus we:r'e devlscd to carry out the d istributions under 

oxygen ... free conditions. Two discr•eet steps were necessary: 

t t ,e preparation of the oxygen-:rree aqueous solution, and the 

oxygen-free distribution. The apparatus is f.:lho vm in the fol

lowing figures: 

l~ ig. 16 

Fig. 17 

Fig. 18 

Fig. 19 

F1i ~~ . 20 

Ji'ig. 21 

Special Mixing Cylinder., :::r ead and Delivery Tube 

Equilibration Flask 

Gadget Mark 78 Mod J. 

Sample Hemova.l 'f'ube 

Storage Cylinder for Carbon Tetrachloride Phase 

Schematic Nitrogen Connections to Distribution 

Apparatus. 

rl"11e Nitrogen Inlet Tube is not shown.. It consisted of a 

stopcock sealed on one end to a malei2~fit0 joint, and on the 

other to as' 12/S socket joint to give as compa.ct an assembly 

as possible. 

'I'he assembly of the special mixing cylinder for 

preparing solutions is evident from Fig. 16. 

'l1he distribution apparatus was mounted on a special 

stand made of al1:1.1Uinum plate ( 21 x l.S x ½ inches) drilled for 

rods and equi:;rned w:i. th feet~ The entire assembly was thus 

a unit which could be moved out of the wa.y w.hen desired 

slmply by disconnecting the electricity, nitrogen and com-
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Figure 16. SPECIA,L MIXING cn:..mDER, HEAD, 

AHD DELIVERY '!UBE. 
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Plan View 

5 joints, 
female, I 24/40 

~ApproXimate o.D. lin. 

I 

Side Vimv of Bottom 

Figure l 'l. EQ,Ull..IBRATION ]LAfK ( 1 11 ter) . 



Male joint, I 24/4() 

Figure 18. G.ADJET, MAm: 78 MOD 3. 
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Female 
joint. I 1.f,'86 

Socket joint, 
I 12/6 

Bulb to increase 
storage capa.eitf 

Mgure 20. STORAGE CYLINDER 
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pressed Rir suppl y lj_neso The total height of the assembly 

was 30 inches. 

The equilibrium flask was mounted i , n a thermostat 

(a glass jar) equipped with a stirrer)) a 100 watt immersion 

heater, a. Central Scientific Co. ncenco-de 1\hotin.sky11 thermo

regulator (Cata.log No. 9900.5A), and e. thermometer (15 to 33° 

c., division O .1 °). The thermometer ·was compared with a 

thermometer• certified by the United 3ta tes Bureau of Stan

dards and was found to agree within 0.1°. 1'he temperature 

regulation obtained vms ± 0 .1 ° of the se.t point, except when 

the equilibration stirrer was operating. 1I'he vibration of 

the le.tter. caused the thermoregul a. tor contacts to stick Rnd 

cause overh~a.ting. This wa.s -avoided by keeping close watch 

during the comparatively brief equilibration p0riod and 

shutting off the heater when the te1:1pers.ture 1.vent over 25.0°. 
I 

On two or three other occa~ions the contacts also stuck and 

caused the temperature to rise. Fb r future apparatus, a 

reverse acting circuit is recom.rnended wher-e a sticking of the 

contacts in t he closed position would turn the heater off. 

Since the room temperature was never observed below .18° and 

usually b~tw·een 21 and 2!.i-0
, the errors int1•oduced by thermo

regula.tor failure would thus be much more restricte d. . Use of' 

some other t ype of thermoregulHtor, such as a mercury-f'ilJ.ed 

model or the n'I'hermocap" electronic control1er, would be pre

ferred. V·ihen room temperature rose above 2.5°, s~fflcient 

cooling was obtidneti. by dir~c ting s. jet of compressed a.ir 

a gainst the su:r>face of the wateri bath. 
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'l1ho equlllb ra tion fl ask was fitted with a conven ... • 

tionv.l mercury seHl and a Patterson (84) upflow stirrer 

driven by a. Palo-Meyers variable speed motor. The stirrer 

gave r esults which c an only be descri bed as excellent. 

Considerable c a re was taken t o g e t smooth-runnin;; bearlng s 

by sizing of th e glass shaft and the meta.l sleeves. Mod er

ate ca.re in having t he st irrer shaft straight produce d. a 

minimum of vibration. In a l-11ter equilibratlon flask 

( Fig. l 7), a di stance of" e to 10 cm from t he vv i ngs of t he 

sti rrer to t he tip o f t h e h ollow shaft gave some vortex 

forma tion ex1d a.onsequent introduc tion of gas bubbles et t he 

speeds necessrtry to g ive good pick-up and dro p l et formation. 

Reduct ion of t hi s d imension to about 3 cm. , as was possible 

because o f the smal l volumes of t he ca.rbon tetr~i.chlori de 

phase, gav e equally good dro p formation , adequate p ick-up 

at lower ap eeds and no vortex formation. The whole body of 

liquid in t he flask rotate d at a slow speed, and the baffle 

effect pI'oduced by the sample remov a J. tube projected the 

cal"bon tetI'ach lorlde droplet s toward the upper part of the 

a queous phe.se. 11horough contnct was thus assured . By 

u s ing a stirrer speed not higher than t ha t necess a r y to 

produc e an opaque suspension, the forme. tion of very small 

dropl i:1 ts was minimized-I:- and the settling after equilibration 

~~-At h i gh stirrer speeds the aqueous solution took on a misty 
or foggy appearance as very small carbon tetrachloride drop
lets were produced , whereas a t lov✓er spe eds the droplets 
were for the mo st part individuallJ vi s i b le, :,rot the sus
p ension con ts.ined so n1any cl r•op l ets a s to be o naque9 
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rendered more rapid than when very small droplets were 

present. It is also recommended that, if possible a 

stlrrer motor b0 used where the resistor or variable trans

former use d for speed control is ,~eparate and lnclependent. 

of the motor; the controller may then. be mounted so that any 

adjustment made will not tend to misalign the motor• and 

stirrer .. 

PROCEDURE .S-02. PHF.::PAHATION 03' OXYGEN-PREE AQlJTi!OUS SOLUTIONS 

The desired weighed amount of so lid chem.ice.ls ~'-las 

placed in the special mixing cylinder and the head put ln 

place, using a !B' lL~/35 stopper rather thRn the delivery tube. 

'l'he vacuum line ( from a. water aspirator} was connected to 

one of the line s on the head, and the high p ressure nitrogen 

line to the other. •rhe mixing cylinder was evacuated, bled 

black to the JH'e ssur•e of the nitrogen line with nitrogen, and 

the cycle r epea ted ~ Oxygen-free wa.tor was added through the 

deli very tube op ening to e.pproach the desired final level, 

all solids d issolved by swirling the mixing cyl.i.ndex•, tb.en 

water added to the calibrntion mark. The cy linder was re

stoppered , the stopcock on the head closed and the cylinder 

i nverte d sever nl time s to obtain complete mixing. After t his 

the nitrogen wa s turned on a.gain to mainti;i.in the solution 

under positive pre ssu re of ni.trogen until used. Immediately 

before delivery of t he solution, the stopper was removed and 

the delivery tube inse:eted, nitrogen bein.c; a llowed to stream 

in such a rna.nner as to flush out the ..:l elivery tube and to 
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prevent entry of ai. r into t ho c ylinder. 'i'he nitr-o gen was 

shut Off, t he d.ellvery tube sentod i n the liead , and the 

nitrogen turned on again and the solut:i.on b lown out of the 

cylinder ~nto the equillbra tion flask. ':Phe volume remaining 

in the cyl:i.nder was rnee.sured and subtra cted from the tot a l 

volume of solution msde, so that an accurate value was ob

tained for the amount of _solution used for d istribution~ 

PHOCIWU HE G-01. DIS'l1RIBU 1rION Of.' AN ALKYNE BE'IWEEN CARBON 

'I'E 'rtU .. CHLOR IDE AND ACiUROUS SOLU'fION lfNDEH. OXYGEN-PREE 

CONDITIONS 

The apparatus was assembled and flushed t horoughly 

wl th nitro gon., and the1, i'later bath brought to temperatu:r•e 

About 5 ml of carbon tetrachloride were placed in 

the Gadget ;:;ark 7B Mod 3 (Fig. 18) -~nd the ampoule and breaker 

rod introduced, tald.ng care not to trap air bubbles in the 

dom.e. The ampoule was broken by supporting the end of the 

gadget with a block of wood, then s t riking the end lig ... ½.tly 

but smartly with another blocko When the ampoule was broken,, 

any- air an:i undl s.sol ved hexyne wera trapped in the dome, 

rather than rising to the surface. The breaker was removed 

and washed down with carbon tetrachlorlde. 'fhe solution we.s 

drained into the flask, after t he flask had been vented to 

atmospheric pressure. 'I'he solution was washed through the 

g adget with wore carbon tetrachloride, the total volwne of 

t h is r·eagent being recorded. '.'L1h0 i;adge t w &s removed and re-

placed by a stopper to minimize danger of breaking the gadget, 



a positive pressure of nitrogen being maintained in the 

equilibra tion flask at a.11 times. 'I'he aqueous solution, 

previously pr ep nr Gd b y Pr•oc eclur e S-02, and at a temperature 

as clos e to 25° a s practicable, wa s then added. The stirrer 

was st art ed a n d ope rat e d for t he desire d equilib r a tion time 

(JO mi nutes in the l a ter expcr1ments). i.;{hsn the stil~rer was 

s t opped, that time was recorded as "zero time". After most 

of the c a r b on tetra chloride phase had s ettled , it was blovm 

out t h rough the s a,11pl e remov nl tube into the s t orage c ylinder. 

As soon as possible, two sampl e s of the c a rbon t etrachloride 

phase were unaJ. ;yzed in succession. '.L'he half hour which this 

consumed was usually suff ici ent f'or ~11 droplets of carbon 

tetrachloride to settle out of the aqueous phase, a nd a sample 

of the aqueous phase was then taken and analyzed. Samples 

were t o.ken al terna.tely from ea.ch phe.~e until the desired 

numbe r hE.d been obtained. The tirne of begi.nning hromina.tion 

o f e a ch s amp le was recorded, so that if any trend with time 

were noted in the results, the hexyne concentration could be 

extrapolated to zero time. Procedures F-Ol~- and E-07 were used 

for the ana lyses of the later experiments. 

E. HESUL '.I'S 

The values of Yu obtained from the preliminary dis

tributions o.f 3-hexyne arc of doubtful va1ue excep t to define 

the order of ma gnitude of distribution eoef.f'ici ents and 
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concentrations involved . To illustrate the variations en

countered, t h e re sults are su..mmarized i n Tabl e 22. It is 

easily seen that the scatter is quite larg e, although so me 

downward drift of KD is i ndicated as (B)c increases. 

TABLE 22 

DIS'filIBU'l1ION CONSTAN'r s FOR 3-HEXYNE'.., PRELIMI NARY EXPERI MEN'rsa 

Expt. Cono. b of J•Hexine 
No. Aqueous CCli 

Phase Pha e 

KD 

56 0.000351 0.793 2230 

90 0.00048 1.19 2480 

129 0.000187 0.530 28.30 

11.t,.O 0.0006.56 1.15 1770 

152 0.000416 0 •. 669 1680 

a. No precautions taken against oxygen. 
b. Mean values; meq/ml. 
c. 1.00 N aqueous pot.assium nitrate. 
d', . Percent found of hexyne taken. 

Material 
Balanced 

34 

57 

24 

i~1 

39 

An attempted calculation of KD from material bal

ances and the assumption that the analyses of one or the 

other phases were correct gave equally errat:tc results. 

It was evident, therefore, that some major error was being 

made, most probably in the analyses of both phases, or in 

the material balance, or in all t h ree. 

Note that all distributions ~xcept those summarized 

in Table 22 were conducted under oxygen-f'ree conditions. 
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DISTRIBUTION OF 3-HEXYNE ur·m Ji~R OXYGEN-FREE CONDI'r!ONS 

The discovery, mentioned in Part I, that oxygen 

somehow interfered, either in the analysis itself or with 

the hexyne in aqueous solution prior to analysis, made it 

apparent that a simple distribution as described in the pre .. 

liminary experiments would not be adequate .. Procedures G-01 

and S-02 were therefore evolved to provide the following 

features: 

l. Complete exclusion of oxygen from the apparatus or 

solutions, by working under nitrogen. 

2. Complete solution of , the 3-hexyne by first dissol-

ving it in the carbon tetraohloride. 

'rhe procedures worked with g~at i.fying smoothness. 'I'he results 

will be discussed in two sections, the first o.f which contains 

results up to J.i.0% in error because of errors in the carbon 

tetrachloride phase analyses, and the second where results 

are believed to be correct within S~i . Du.1 ... ing the first group 

of experiments, the low material balances were at first at

tributed to manipulative losses of 3-hexyne, the distribution 

technique being a new one, and it was only gradually realized 

that the analyses were in error. Fortunately, the errors do 

not invalidate the conclusions drawn from this data. 

Distributions Where Analyses 2f Carbon Tetrachloride 

Phase Were Imperfect. The r~esul ts here are given in Table 

23. In most instances both phases were stable over the 
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periods of time during which the hexyne concentration was 

followed, but in some the hexyne content decreases with 

t,i,-,110 and in a few the hexyne content showed a sn:iall increase 

with time. The latte:r eff.eet is unexplained, but is believed 

to be attributable to some systematic error in the succeeding 

analyses·. The loss of hexyne was at f:i.rst t h ought to be 

caused by hydration, but since no suoh losses were observed 

\~hen high purity nitrogen was used (Rxpt. ,:626 and higher), 

it is believed that the losses were due to small amounts of 

oxygen not removed by the pux•ifying train and in'troduced 

into the aqueous phases a,s the distribution progressed. 

Where any drift in eoncentra.tion was noted, the values were 

extrapolated back to zero time at the cessation of equili

bration stirring. In general, such plots fitted straight 

lines quite welL, 

Limiting values of Y1) w©re calculated on the as

sumption that all error in the observed. values was in the 

analyses of' the carbon tetrachloride phases. These values 

are shown in 1J.1able 23; in Fig. 22 the limiting KD values for 

1.00 N aqueous potassium nitrate-carbon tetrachloride dis

tributions of 3.-hexyne are plotted e,gainst the concentration 

of 3-hexyne. The line shown is the least squares line ob .. 

tained in later experiments and represents the best known 

values of KD from Pig. 23. It is evident that the calculated 

Kn values are :tn l"easonably good agreement with the line, · 

substantiating the assumpt ion on which the calculations wore 
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(!) 

Cf) 

O'-----..A.-------------t-------
o.o 1.0 2.0 

4( B) 0 = Cone en tra tion of 3-Hexyne • me(l/ml 

Figure 22. LIMIT OF Kn ]OR msT.RrBUTIONS WHERE 

ANALYSES OF CARBON TETRACHLO.RrDE PHASE WERE 

DlPERFECT. 



made. The data on tho analytical method also bears out 

this assumption (see Part I) ,. 

For those experiments where metallic salts other 

than potassium nitrate were present, Table 23 shows that the 

deviations of the analyses were much higher than the devi

ations encountered ·when only potassium nitrate was present-. 

For the cobalt, nickel and copper experiments, this is partly 

because of the additional uncertainty introduced in the 

aqueous phase analysis end points by the color of the solu

tions. This e:xpla.na.tion is not valid for the runs with 

cadmiu..'11 and zinc nitrate, however. 

Table 2~. shows the ratio, z, of the calculated KD 

for va1"ious metals to the interpolated ICn for 1.00 N aqueous 

potassium n:ltrate solution at the sarn.e concentration of 3-

hexyne in the carbon tetrachloride pp.ase.. It is seen that 

for aqueous solutions of zinc, cad.c"n.ium, nickel and cobalt 

nitrates a.nd of cupric sulfate, the values of Z lie between 

0.91 and 1.25. 'l'his indicates, ignoring the variations of 

ionic strength and of concentration of salts, that no a.ppre

ciable change in the distribution of 3-hexyne has occur1 .. od. 

That is, zn++-, cc1++, 1u+--r, co+-+--, and Cu 'f+- ions do not complex 

with 3--hexyne in aqueous solution. 'l'he values 1'or cuprous 

ehloride of Z ~ J.211- an·J Z = 0.98 and Z :; 1.-28 are con ... 

flieting, the first s h owing corriplexing and the last two 

sh owing no a.ppreciable complexing. No:· conclusion is possible 

here, but it is indicated that cuprous chloride does not 

complex. Silver nitrate shows definite evidence for com .. 
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Com:pariaon cf Distribution Coefficients .of 3-Hexyne 
Between Solutions or 1larious Metal Sal ts a.1:1d 

• Carbon tetrachloxide. 

Expt. .• 
No.·· 

534 

·551 

573 

580 

58'7 

626 

633 

659 

646 

864 

Metal 
Salt 

~l-1•< 

AgN03 

Zn(N03} 2 

""d'('N'Q ) v . _ .t'! · 3 2 

Fi("tTQ ) ·" :., ,:;, ·":) •. 1 t::, 

Co(NO0) 2 

CuCl 

CuCl 

CuSO 4 

Cuso4 

CuGl: 

1530 

1180 

1425 

1560 

4-81 

150? 

2170 

· 1400 

lB30d 

420 

• 2280 

1970 

2230 

2560 

700 

2390 

1840 

_ ::2. _ int-ert'lol.a ~e<l J{~ ~Jr r:q:~o~ .J~ .?. .. l .o.o) 
a,. £._ .... calm--ilate .· KD • 
b.. Sa-o 1.1able .23 for c.ond:i. t:lons 

2::-sgo 

2350 

2350 

23i5u 

2340 

2340 

2340 

2460 

2300 

2340 

5 .•. 70 

1 . 03 

1 . 19 

1.04 

o . 91 

3.24 

o. 98 

f 1 . 13 

1 . 25 

1.28 

c. At srune cone. of ~3-he:;.;yne in CClL: phase f::l.S observed. in 
dist.r·ihutions from Fig . · 23. . -

d . Eaterial balfmce· 100.,7-;;; ; (8 ) 
0
- : o. 791; f-= 0 .. 0189 
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plexing. 'rhe above conclusions are con sidered valid in 

spite of the errors i n the carbon tetra.chloride phase 

analyses. 

J)istributions with Satisfactory Material Balance. 

After detecting the error in the analyses of the carbon 

tetrachloride phases in Experiments 510 through 697, and 

revising the analytical procedure to give satisfaotory re-- ---. ~- .. -~ .. , • 

sults, the distribution stud ies were . resumed!> Again , Pro

cedures S-02 and G•Ol were used. 'fable 25 and Fig. 23 

sh ow the Kn for 3-hexyne between 1.00 N aqueous potassium 

nitrate and carbon tetrachloride under oxygen-free conditions 

at 25°c. The straight line shovm 11vas fitted by the method 

of least squares. r.rhe trend of Kn with change in hexyne 

concentration is easily noticed. The average .deviation of 

6 points from the line is 1. 9~1~ (of 2400). While it is not 

·included. here, a straight line of similar slope is also 

obtained if KD is plotted against the ooncen tration of 

hexyne in the aqueous phases. 'lhe res.son for the trend is 

unknown. It is to be noted that the saturation concentration 

of 3-hexyne in the aqueous phase ( See 'rable 17) is more than 

15 times as large as the maximum. concentration observed here. 

The results of distributions for aque()UB solutions 

containing silver nitrate are summarized in •rable 26. Ex

cept in ~ta 806 to 841, the ionic strength is made up to 

1.00 with potassium nitrate. 

I 
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Distribution Coefficient of 3-Eex.yne Bet1Heen Carbon 
Tetrachloride and 1.00 n Acrueons Potassium Huns 

with Satisfaetory M-aterial Bale.nee 

Ex.pt. 
-:rio~ 

69'7 

748 

'758 

764 

768 

rrotes: 

d. 

l.5 

15 

30 

30 

20 

1.002 

0.585 2 .• 36 

For eq_uili bo ration, n1:i.n:u. tes. 

100.1 

100 .. 7 

102 .9 

K d 
D 

2400 : 

2260 

2:380 

2300 

2480 

2190 

!lean values" or ze:r.o tirn.e values. Deviations 
of analyses are shov.n in Trible 1 '7. 
Per cent recovered of he:~yne taken. CalcuJ.Hted 
neglecting mutual solubility of phases. 
At 25° and l at"ll •. ; .oxygen-free conditions.. Ionic 
n+ron· r:.>+'n = , (\;I 
0 -U ~•- ci --V • - ♦ '-.i''....1-. 

By nroeedure ]~-03 i'or ~"'f"Ots 690 and 69'7; 
procedure F-04 for a.11 others. 
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0--------------------
0.0 1.0 2.0 

4{B) 
0 

: Conoentra.tion ot 3-Hexyne, meq/ml 

Figure 23,; DISTRIBUTION COEFFICI]l'IT OF 3-HEX."m"E 

BE:LWE:FN 1.00 AQ,UIDUS POTASSIUM NITRATE AND 

CARBON TETRACHLORIDE. 
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'Table 26 

DISTRIBUTION EXPERIMENTS WITH SOLUTIONS CO NTAI NING SILVER 

tifITRATE. OXYGEN-FREE CONDI'l1Iot.--TS. IONIC S1rRRWG-T H • 1.00 

778 
783 
787 
793 

798 
802 
811 
816 

820 
826 
832 

-635·-
-8-3-5 ... 
~ 

, --Bl-1,6---
852 

j?(6 

. b 
Cone. 
of 
AgN03 
N. 

1.000 
1.000 
l'.000 
1.000 

1.000 
1.000 
o~.500 
0.250 

0.250 
0.250 
0.250 
0.250 

0.250 
0.250 
0.250 
0.250 

0.250 

1-o!a• 
10 ·.· 

82 
109 

110 
112 
107 
109 

107 
. 110 
107 
108 

107 
87 

101+ 

102 
- · 

CCl4 Aqueous 
Phase6 Phase 

:r1 ~x104 

o.472 ·¥··9.1 
o·. 735 7.7 
0.191 .24.1 
0.276 29 .. 3 

o.2s6•. ?-6.9 
0 •. 22 .27.0 
0.815 llO •i 
0.826 21. 

0.2.30 
0.208 

5.91+ 
5.30 

o.1z1 1.15 
o.57 ,-15 •. .3 

0.390 • 10.s 
0.372 9 :.82 
0.401 13.1 
o.l~14 10.2 

0.388 10.0 

K f 
D 

2460 
23 0 
2500 
2J,80 "T 

2480 
2485 
231+0 
2330 

2l.~90 
2!190 
2;,10 
2400 

2Lt.50 
2460 
24.50 
2440 

2450 

K 

24.2 
24 .. 0 
30.5 
25.3 

25.4 
26.5 
21.,. 
20. ·. 

21~7 
21 . .5 
·23.l 
22.08 

22.5g 
22.og 
28.lg 
20.0 

21.4. 

.j 

i 86o 0.250 -
---806 0.2501; 108 
841 

o.S.27 lJ+.o 
o.b79 2,.8 •. 96 

2420 21.·77 - (20.(f) j 
1690k 0 .• 0001 104 o. 40 ... 

a. The deviations of the anlyses have been sunnna,rized in 
1rable 19. • 

b. Ionic strength, f--, made up to 1.00 by potassium nitrate. 
e. Material balance, per cent found of hexyne taken, 1"'11ese 

values are calculated neglecting the solubility of carbon 
tetrachloride in the aqueous phase, and vice versa .. 

d. Note that these values of meq/ml must be divi ded by 4 to 
give (B)eand (Bt), in moles/liter. 

e. By Procedure F-04. 
f. Interpolated from Pig. 2~. to correspond to observed con

centre. tion of J•he~ne in carbon tetrachloride layer. 
Used in calculation of K. 
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g. See special discussion in tex.t r•egarding nitrogen tanks 
used in these experiments. 

h_ot mo potassium nitrate added; f- = 0.250. 
i. No salt present; f'- = 0.000 
,j. rrhis value is somewhat uncertaJ.n since no appropriate KD 

fl 1.fO 
values far )4- :: 'wore knov,'Il. This v alue is calculated on 
the basi s of a KD of 1850, the linearly interpolated value 
between KD- 1690 at~= o.oo and ICD== 23)-1-0 at~= 1.00. 

k. ObseI~ved. 

:F'ig. 21..1. shows a plot of the K values vetsus (8 ) 0 • 

'l'he points for 1.00 N silver nitrate define . a curve with 

good fit. However, the points for 0.2.50 N silver nitrate-

0.7.50 N potassiuxn 1:itra te are mere scattered .. If we follow 

the experiments in sequence, starting at Expt. 816, it is 

seen that the points following Expt. 832 and preeed'.J.ng Expt. 

852 lie above the ·curve d.ef.ined by a.11 other points for this 

silver nitrate concentration. Afte_r Expt. 848 and before be

ginning Expt. 852 , the tank (called Tank A) of hig,.l-i purity 

nitrogen ~as replaced by a nev: tank { called Tank B) of the 

same g:iiade. It is known that the t rmk (called Tank G) in 

use prior to Tank A was rep laced about the time of Expt. 832, 

but the exact date was not recorded and is not known with 

certainty . Whether 'l1ank A wa.s contaminated in some manner 

so as to cause the K values of Ex.pt.' s 835, 811-4, and 8Li.8 to 

fall above the othe r values is not knovm, nor can any con .. 

jeoture be offered as to the nature of a conta:minant which 

would produce such a. change. A search of the data recorded 

disclosed no other change of reagents or conditions which 

might aocount for the discrepancy. 
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30 

J!J 

K 

- 15 

10 

5 

& 1.~o N. Silver Nitrate 

JF1 0.50 N; Silver Nitrate 
' - - . 

~ 0,26 N. Silver Nitrate 

)!{ 0.26 N •. Silver Nitrate. See disoussio . 

O'-----..,__ ___ ...t.... ___ --'----.---:------'---:-----

0.00 0.10 O .20 

(B)
0 

moles/liter 

Figure 24. ~l!NTATC0N CONST.ANT :EUR 3-HEIYNE. f<: 1.00,, 
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The curve for' the 0.-2SO N s:"Llver ni'trate -0.,750 N 

potassium nitrate di s tributions has been di-•c,wn on the basis 

of the exclusion of the val ues for ::]t--pts. G35., 84\ and 8L~8i>'. 

It can be seen that e ven if a straight line had been drawn 

b a sed o.n e.11 point s , the valuss of K1 Hnd K2 wb.ich are cal

culated would be lit tle affected. 

FIRST AND SECOND ARGEWl1A'l1ION CONSTAN'l'S OF 3-HEX\.'1JE 

The shift of the K values with a shift in silver 

con cen tration indic utes that mor e than one silver ion co

ordinates with the molecule of 3-he.xyne. On the aasurnption 

t hat no more than two silver ions coordinate., the values of 

K1 and K2 have been calcula.ted following the· method of -~Vin ... 

stein and Lucas (63). Since K is R func.tion of {B) 0 ., it was 

necessary to u s e K values for valuesc of (B) 0 as close together 

as possibl0. This was d one by employing the K's of Sxpts. 

816, 811 arid 783. There is some uncertainty that these re

sults are free of deviations such as t hose affecting o t her 

points " ,.., c-1, l. c1 °48 ) o 3>, o µ.;. an .. u • However, a plot of K 

versus silver nitra te co11cent1"a tion, Fig. 25, shows that 

they lie close to a straigh t line, ,•tnich indicates that no 

major devi~tions are present. 

It has been mentioned (see No-t;ation, page 91) that 

the evaluated argen ta:t i on constant, . K, was calculated on the 

assumption that no complex species other than (BAg ) was 

p r esent. On the asm.L.-nption given above that no rr1.ore than 

t wo silver ions can coordinate, i.e. that only (BAg) and 
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K 
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0-------------------------
0.00 0.25 0.50 0.75 1.00 

. ~o:r.mali ty of Silver Nitrate 

Figure 25. ARG:ENTATION CONST.ANT V'EllilTS sn. VER ION . . " 
~ 

OONC:E11TRAT'l0l:I. f'-'=l.00. (B) 
0

::;: 0.20 mol/liter. 
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(BAg2 ) are formed , and maldng me.terisl balances of B and. of 

silver, K may be 'ATitten accurately as. 

K:: 

-... 

(B)c ~Agt) ... (Bt) +(B)) 

(BAg) + (BAg2) {BAg) 

(B) (Ag ) 

(BAg) + (BAg2) 

(B) ... ... 
·K.· -t + Kz(~Ag) (Ag ) 

1 (Ag ) (B} . 

-- · 

--------·-

+ K2(B_Ag) 
K1 - .... ""'"'"-(B) Kl+ K1 K2 (Ag ) 

1+2K1K2(B)(Ag) 

As a first approximation., it was assµ.med that the term 

2K1K2 (B) (Ag+) could be n eglected when added to 1.000. 

reduced Eq. 3 to 

K u K' ~ (A~) 
;., 1111 ..:,.1 + 1 h 2 .Hg 

'Tb.is 

Using the additional approxi:mat:ton the.t {Ag"r} = (Agt)., the 

use of the K values from a pair of experiments perrnitted a 

first approximation of Ki and :K2, giving 18.6 and 0.290, 

respectively. With these values, the minor terms of Eq. 3 

were evaluated, and a second set of values of K1 and K 2 

were calculated. Inspection of the numbers showed that a _____ ____.., .,...· ---------------------------

(4) 

i}Note that an error in the pa.per of Winstein and Lucas omits 

• the factor of 2. from the second ter-m of the denominator • . 



further recalcula t ion would not signific fli1tly ~1.lt0r the 

values. '1.1able 27 s hovrn the results when K1 and K2 a1--e cal

culated from different pairs of experiments .. 

'fable 27 

FIRS'l' AND S.RCOND ARGENTA '.i'IOH CONSTAN'rs OF 3-IrnX:tNE 

Expt e, _ on wh:Lch 
Ki .and K2 are 

based 

783 & 811 

816 & 783 

811 & 816 

0.218 

0.251 

0.205 

It is seen that the calculated constants agree quite 

well with the extrapolated zero-silver-concentration values 

of 19.7 (see F•ig. 25) as should be the ease. The values of 

IS_ and · K2 ai~e taken to be 19.1 ±o . .5 and 0.22 .± 0.05, re

spectively,· undel" the follm'ling conditions: 

(B) 0 • approxh:ia.tely 0.20 moles/liter 

m t '"' 2~.0°c ..• .Lempera ll.re ... ..,., 

1l1ot;a.l pressure, l atm. {nitrogem) 

Solvents: Carbon tetrachloride and 

aqueous silver nitrate-potassium nitrate; 

Ionic strength= 1.00. 

These values will shift somewhat as (B}c varies. 1l'he shape 

of the K curves (Ii'i g . 24) indicates that Ki and K2 will not 

vary greatly as (B) e increases over 0.2, but that · they may 
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vary eonsiderably a.s (B) 0 decreases, particularly below 0.1. 

The possibility that more than two silver ions com ... 

plexed with one mol ecule of 3~hexyno was oxrunined, using a 

derivation sir,dlar to that for Eq. 3. T11'1e results were 

erratic and unreasonable. It s e ems indicated but not proven 

definitely that not more t h an t wo silver ions complex, the 

limited accu1""acy of the da.ta here :precluding any final 

decision.. 

REVERSI BILI'.l.1Y OF COMPLEXI NG 

In e.11 save one of the experiments in ':I.1ables 25 and 

26, the 3 ... hex.yne was dissolved first in the carbon tetra

ohloride and t h is solution equilibrated w5. th the aqueous so

lution ( Procedure a .. 01). In order to test the rever'sibil.1 ty 

of the equilibrium obtained, Ii!xpt. 835 was p erformed by a 

:modification of' Procedure G•Ol. The first portion of the 

experiment wa;s per formed as usual and the t wo pha.aes analysed 

for more 3•hexyne., so a.s to establish a value of K. More 

carbon tetrachloride was t hen added to the flask and a second 

equilibration carried out. In t his equilibration. t he trans

fer of 3-hexyne was from the aqueous phase b ack into the car

bon tetrachloride, the rever se of the proc e ss in the first 

portion of the experimen t. Table 28 shows the results. 



REVEHSIBILI'l'Y 01-i' 3-HEXYNE COMPLl~X FORtiiATION WJ!l'H 

Equilibration 
Number 

1 

2 

SILVER IOH. 

Direction of 
3-Hexyne 
Transfer 

cc14 t o Aqueous 

Aqueous to CCll.~ 

3-Hexino 
Cone. 
meq 
ml 

0.567 

0.390 

K 

22.0 

a. See sp ecial comment in text concerning the K values and 
nitrogen t ank used in this experiment. 

b. In cc14 phase. 

It is seen that the two values of K agree within 

2.3 per cent, with the lower value being at the higher 

hexyne concentration, which is in agreement vir:i. t h the trend 

sh ovm by other experimai. ts. Wh1ie ·~xpt,. 8JS is one of the 

three which apparently suffered some slight interference of 

unknown origin, it was concluded tha t the complexing reaction 

is reversible, even though the absolute K values may be 

somewhat in error .. 

The short equilibration times required, 15 to JO 

minutes, show t hat th.e complexing reaction is rather rapid. 

Probably the governing fa.etor in achieving equ:ilibrturn is 

the rate of mass transfer of 3 ... 11.e xyne from. one phas e to the 

other. 
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EFFECT OF IONIC STRENG'rI-I UPON THE: DISTHIBurrION • COEFPICIENT . 

AlJD 1rif.E AHGENTATION CON&r AN 1r 

The two values of KD for water .... carbon tetrachloride 

in Expts •. 606~:• and 67o•i:- (Table 23) of 1920 (calculated limi·t) 

and 1680 ( ca.lcu1a ted limit) a.re in moderate agreement with 

the value from Expt. 841 ('rable 26) which gives K.o:; 1690 

for a hexyne eonoentra.tion of o. 81+.0 meq/ml. 'l'h is last value 

is considered reliable._ Unfortunately, not enough points 

a.re available to determine whether KD drops as the hexyne 

concentration increases. 1'he KD value of 1.00 N aqueous 

potassium nitrate-:carbon tetrachloride at a h ex-yne concen-

tration of 0.840 meq/ml is interpolated as 2330. 

'.rhe ratio of 

-- -... 

0
001H: 

0 aq. F~rn 3 
ccc11± C 

Cwater 

--

This me.y be compared against the ratio of solubilities 

t S:able 17) of 3-hexyne :ln water and in 1. 00 N aqueous po

tassium nj_tre.te, which is: 

122 X 10•4 
97.9 X lQ""lf 

:: 1.25 

:Note that these experiments were among those vi.rh ich had 

i mpe 1"'fect analyses of c arbon totracri.lor:i.de phase . 



rro consider the effect of ionic strength upon the 

argentation constant, comp arison is made of Expt • 806 where 

f= 0 .. 250, (B}o:: 0.779 and K = 20.0 a gainst E.xp t., 816 where 

f'-= 1.00, (B )o - 0.826 amd K = 20.4. The former value oi' K ... 

is dependent upon the estimated value of Kn for /' .:: O., 250 

( Table 26) used in its calculation. If t he estimate is valid, 

the agreement of t he two K values indic -~1tos t hat the ionic 

stI•ength has very little effect upon the argentation l"eaction, 

although it has a."'1 appreciable effect on tho distribution 

coefficient. 

AT'I'lt:!viPTKO DI STFl I BU1:IONS WI1H ;V:KHCUH IC SP.LTS 

With the series of oxperLuents list ed in Table 23, 

an attempt was ma de to pe1.,for.m dis tributions where the 

aqueous phase contained mercuric s e.l ts. 

For the first a ttempt, Expt: • 5L;..6 , a solution whioh 

vms 0.20 M i n me r cuPic nitrate , 0.20 N i n nitric acid and 

0.20 N in notassium ni trato was employed.. This gave an ionic 

strength of 1.00, t he acid being employed to prevent hydroly

sis of the mercuric nitrate, During the equilibration period 

of 15 minutes the carbon tetrachloride phase bece..rn.e distinctly 

yellow. Anal yses were performed on both phas es a s usual. 

Thos e for the carbon tetrachloride phase proceededwi thout dif ... 

ficulty, al though there is some doubt t hat the r esults actually 

express hexyne concentra ion. vn1en titrat ion of the aqueous 

phases e.n:i!lyses was undert f1lrnn, the end point drifted quite 

rapidly. It was found possible to follow the drift, however, 



and this was done for• several samples. By record ing the 

volume of th:i.osulf a te solution required to cause the dis

appearance of the starch-iodine color and the elapsed time 

from the addi tlon of' the potassium iodide solution, it \VS.S 

found possible to obtain smooth curves despite the rapidity 

with whlch the titrat ions were carried out. It was also pos• 

sible to 0xtrapolat(~ to volumes of thiosulfate solution re

quired at ze:i:•o and ut; infinite time after the addition of 

the potassium iodide solution. A t;)11Jical curve is shown in 

F,. ~ ~b• ' d t f • d i ~1 27 :Lg. c.. , an a se . o • superimpose • curves n .1.' g . • • • 

latte1" include al 1 but two samples and Rr e reduced to tae 

same zero time and zero-time volume of thiosulfe.te. The 

marked similarity of the cux•ves ls evident, suggesting that 

the same phenomenon is causing the drii't of a.11 end points. 

'l'he two values of thiosulfa.te volume permitted the calcula-
.,.: -~ 

tion of two sets of hexyne concentrat ion values. 1'hese 

ape shown with other values in Te.ble 29.• 
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Extrapolated 'j;o 8.06 ml 
at infinite time, using 
larger graph ____ _., 

2 _____ .__ ____ .__ ____ L-, ____ .1-.. ____ .,___.;__i 

0 lO 20 30 40 
!ime Elapsed from Addition ot Potassium Iodide, Minutes 

Figure 26. TYPICAL TITRATION CURVE FOR EX.PER!MEJJT SM 
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~fable 29 

RESUL'I18 OF ANALYSES O'.ft, AQtr-2:0US PHASF; OF DI 31R I BUTION 

Detn . 1\f .. ,o. 12 13 14 1 ,-' 
::;; 16 18 19 

JI!lap s e d a 
time 1 hours 11>12 1.82 2.,50 3.12 3.02 5. 63 6.07 

Gone. of 3-hfpcyna 
(meq/ml) ( 104- ) 

ZerobTime 39.s "'8· 2 ., . !~o. 7 lio . 9 • 40 . 1 37.8 

I nf'ini teb1'i me 30.2 33 . 9 29.2 28.6 28.8 28.6 27.4 

~-C 0.759 o. 76L~ 0.,702 0. 705 0.713 0.725 Y. ... 

a. F'1:~om. stopping of equilibration stirrer. 

b. After adding potassium iodide solution. 
~_r - Cone. of J.-hexyne at in.finiteb time 

c . ---------------------0 i' 3 h t c • " ._,,one. o .. - . exyne a zero .c i me 

r1110 concentrations at both ti;nes are quite consis ... 

tent , although a plot (not. shown) a ga i nst tim.e elapsed after 

stopp ing the equ ilibration shows a small decrease in concen

tr>ation at the time incroa.sed. 'I1he rat lo, Y, of infinite

time conc entration -to zero-time concent ration i a remarkably 

constant, t ho :mean of six vnlues being o. 728 , with an average 

deviation of' 0.022 or 3.0 per cent .. • 'I1he Y. value is quite 
' 

close to 0 . 75, and may indicate that one quarter of the t otal 

oxidi zing equivalents t aksn up by hexyne (or some product 

fl"Ol'n h exyne) is slowly released. No m.echanis.1n whieh appe ars 

likel y has yet been postulated for this, however. 
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The hexyne recovery, assuming that the analyses 

indicate hexyne, is 23.4 and 19.J+ per cent at zero tirue 

and at infinlte time, respeetiveiy. 'This suggests, together 

with the constancy of the concentrations over several hours, 

that the hexyne wa.s transformed completely dur:i.ng the equili

b1•i1 tion period, tmd that it was the transformation product 

whieh exhibited the anomalous behavior toward b1"'0mir1B. tion. 

lhis does not account for the difference in behavior of the 

analyses of the carbon tetrachloride and aqueous phases. 

A portion of' .the carbon tetraohlorlde phase con- , 

taining the yellow color waa: e:,tam:1ne.d.;~ with the Beckman 

spectrophoto:nu:'l ter. A. Ver-'J broad peak of opticf1l density . 

was obser•ved, extend:tng from 11.lO to l+h3 mil l :i.microns, with 

the maximum falling at a wave length between 1+30 and L~35 

millierons. On the postulate that -the color mii:;ht be c.aused 
;; 

by b i prop ionyl ( 3 , L~-hex.anedione), a solution. of biacetyl, 

the closest analog which was available, was prepared,. '11.he 

shape of the two curves differe.d considePably and it was 

concluded that the unknown com.pound v,ras :probably not bipro

p ionyl. 1rhe curve observed here does not cor1 .. espond to sny 
, 

o f' tb.ose observed by H. Lemaire 0+6) in his studies of the 

3-h.exyne-mercuric s.cetate ... perchlo1--ic acid com.plex,. 

To investigate iihether the rapid reaction of .3 ... 

hexyne in the distribution system would be slowed dovm by 

increasing the hyd:l'.'ogen ion and mercuric ion concentr>ations, 

another distribution was under-taken.. ?:xpt. 653 s.howe d that 

.!'lo 
• With the kind assistance of II .. Le:ma ire. 



in a •0 ..• 01 ~1 solution of :me-rouric aeotate, an aeet1e acid 

ooncentration of 0.,01 M was sufficient to prevent hyd.rolysis, 

at least over periods up to 24 houll':s. In Exp:t. 639, a di·s• 
.. 

• tr:1but1.on of J•hexyn.e was m.a.de be:t ,ween carbon tetrachloride 

and a solution · o .• 01 M in mercuric aeetate and ().0.5 M in 
., 

·acetic aeid.. '.t1he ionic strength was Q,,.08... 'rhe results 

paralleled ·those of Expt. 51i6 described. above. except that 

no yellow color develop ed in the carbon te traohlo:i?ide phase 

and the materrial balance at infinite time was 61 per sent .• 

The apparent KD values (at in.finite tirae) were l.89 and 189 

tor the two expet-imt:mts. The e.~eement appears to be for-. 

tu!tous. 

In view of the eomplexl ties ot the reaetions,, the 

tJtudy or mercurie compounds· wa.s :not · eontinued further. 

F. DISCUSSION OF RESULT,S 

COMFLEX. F0Rf,MTION OF THE QARBON-•<'lARBON TRIPL~ BOND WI'.iH 

SILVER IONS 

In aqu&OU.$ solution of silver nitrate; two silver 

ions co~ple:x ,:with e-ne, moleoule of 3 .. hexyne, the argentation 

equilibrium eonstants,, K1 and Kg,, for the first and second 

iG;ns being 19~G: 0.5 p:nd 0.22 o~o5, respectively. The eom

plexing undergoes an unexplained deviation a$ the coneentpa ... 

tion level of 3-hexyne goes toward zero; but appears t~ be 

essentially deser1bed by the values above where the eonoen

tra. tiqn is 0.20 moles/liter or greater in the carbon tetra .... 



chl.;0ri~e phase ... 3-.hexyne complexes more strongly than the 

aro:matie hydroea:rb.~ns but· less strongly than the eis- ;_ and 

trar.ts"'2 .. pentenes, as can be s.een in Table JO. 

Table .30 

COMPARISON OF THE COMPLEXING OF ALKEWES, AL.RYMES AND 

AROMATIC HYDROCARBON$a 

Hydroearhon 

ois""'2-pentene 
~ 

trans-2-pentene 

benzene 

bipheny1 

j .. hexyne 

K1 K,2 

l.12.$ .. 

62 .. 2 . • 

b 2 .• 1µ. . 0 .• 212 

3.,.94° 1 .• 01 

19~1 o _.ai 

Ke Souree 

• 0 .• 0312 (64a) 

P.0111 (64a) 

<t (69) 

d (69} 

o . .,f'J0787 This s 'tudy 

a. See Table 2l. for otbe:r eompal"isona. 

h. Smallest K1 ob$erved !n the eomp(Sunds tried ( 69). 

c .• Largest Ki observed. 1n the. contp<>tmd,s t;ried (69). 

a. Ne Ka values available :(69) te eal~ulate 1<0 • 

Winste1n and X.ueas: (6,3) and Anderson (8.5) came t0 

the conclusion that the s.terle ettaets ot structure played 

a. very considerable ptU>t. in d:~te~in:tng the complex forming 

ability of an unse.tu:r:ated orian~o compound,. In 3-he:x.yne 

where the second, ~hird, f'o_u;rth ~d fifth ~arbon 8: toms are 
\l 

presumably in a . l r.ine:al!> ft:1,tr:r-u.:attu:~e, one would expect the ste.ric 

hindrance to th~i ,ap,p~aeh of a silver ion to be at a minimu.m• 

with the exoept1:oni of acetylene; the butyn&s and the pen ... 

tynes. The ~o·w ec>rnplex..ing ability observed suggests that 



the electrons of t h e triple bond are less mobile and less 

.available for comple:x.i.ng than those of the double bonq.. 

Be-x-gxn.ann (86) reaehed such a conelusion f'Pom consideration 

of t h e ul tl'aviolet spectre. of the two bond types,. 'l'hese 

phenernena lnd1cs.te that the highly symmetries.l trip le bond 

is less polarizable than the less s-ymmetrioa.l deuble bond,. 

The capability of the triple bond to corr.i.plex. with 

two silver ions is in distinct contrast with the .failure of 

the double bond to do so. It is perhaps made posaibl~ by . 
' ,, . • • 

the e~tabliahment ef a. _highly s:,mmetrioal structure suo-h as 

might be formed by two silver ions on opposit e sides ©f a 

triple bond, as 

Af}-Y such stabilization might help to provide the e:r::iergy 

• required to bring the two positive charges into sueh elo-se 

proximity,. Three or four silvex- ions could also form very 

symmetn,.ieal st:ruetures about the axis of the C!G bond, but 

presMn:tably too much energy is required to bring the positive 

charges together. 
\ 

The bond structure of the silver ion-triple-bond bond 

ifeems J.tkely to be very similar to that of the silver ion. 

double.;.;;bon.d bond. Perhaps the best mathematical dE,,soription 

of the interactions wh ich go to f'orm- thebond would be that 

wh iC.h included resona.nee forms such as: 



H 
C 

Ag+ . 111 
C 
R 

R 
/c 

Ag II 
c+ 
R 

H 
c+-

Ag, II 
C 
R 

In any event, the bond appears to result from the electronic 

interactions of the triple bond and the silver ion. The no

tation of Dewar (28, p 157) may well offer the most concise 

means to express the situation., and might be modified to 

It is assumed that considerations evolved here from 

a study of the triple bond in 3-hexyne are applicable to 

other compounds containing a triple bond, although no evi ... 

dence for or against this assumption was obtained in this 

study. 

INTERACTION OF OTHER METALLIC IONS WPl"H 1l'f-IE CARBON-CARBON 

TRIPLg BOND 

Under the aqueous conditions employed in this study, 

the bipositive n-,.ckel, cobalt, zinc, cadmium and copper ions 

did not show any significant tendency to coc rdinate with the 

triple bond. 'I'his is the sa.rae situation which Winstein t1nd 

Lucas (6J) fo~nd for the olefins. It seems quite likely that 

the coordination of these ions with water is so str•ong as to 

suppress the complex formation with J-hexyne to the vanishing 

point. In non-aqu~ous media complex for-mation might be pos-
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sible. The two-phase liquid-solid method of Keefer and 

Andrews ( S6) might be applicable her•e. 

r.rhe limited evidence afford by this study indicates 

that in aqueous solution, the cuprous ion or unionized cuprous 

chloride does not complex strongly with the triple bond, if 

at all. This is the reverse of the situation found for ole~ 

fins where the complexing constant for cupr•ous materials is 

several powers of ten larger than that for silver ion. 'J.1his 

point should be furt;her investigated, perhaps by other 

methods. 

'l'he inter·e.ction of mercuric compounds has been shown 

to be very rapid and quite complex, with indications that the 

complex, if any, rapidly is transformed into some reaction 

product. '.rhe method of this study appears to be unsuited to 

further study of mercuric complexes.with alkynes, but other 

me.thods mi ght be applicable (46, 56}. 

It should be recalled that all experiments dis

cussed here were carried out in the absence of oxygen to 

avoid its interference .. The nature of the interference re

mains unknovm but is being studied , (48). 

FUTURE STUDY 

As has been mentioned above, further studies of 

various metals with 3-hexyne would be of interest. 1be 

complexing of other alkynes, and the effect of structure 

upon complexing properties should be investigated. The in• 

dications of this research and of -the experience of Reppe 
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~ & (87) ~re tha.t non-aqueous systems might be the best 

i n which to conduct the invest igation s . The Ra.man spectra 

of silver lon-alkyne complexes where no acetylenic hydrogens 

are involved should be studied , since Taufen ~ al (81) did 

not make any such observations. 



-137 .. 

G. llEFERENC:es. No.' s 5L1. through 87. Por No.' s 1 through 

53, see page 76. 

54. Keller, R. N.; Chem • .B.!:Y.•, 28, 229 ( 191~1). 

SS. Kepner, H. E., and Andrews, L. J.; J. Org. ~., U, 
208-13 ( 1948). 

Keefer, R. M., and Andrews, L. J.; J. Arn. Chem.Soc., ---
11, 1723-4 (1949). 

57. Andrews, L. J., and Keefer, H. M.; ~., 2379-80. 

_58. Keefer, Hm., Andrews., L. J., and Kepner, R. i~.; ~-, 

2381-3. 

59. ~, 3906-9. 

60. a. Gilliland , E. R., Bliss, H. L., and Kip, C . . E.; J. Am. 

Chem. -2£.£•, .tJ., 2088-90 ( 191-1-l). 

b. Wa.rd, A. Lo , and M.akin, E. C. t Jr.; .!£!.1• , 69, 

657-9 (1947). 

c. Ballar, J. c.; ~ Rev • ., 23, 65-75, (1938). 

61. Campbell, J. A.; J. ~- li£• , ~, , 525-9 ( l 9li.6) • 

62. Eberz, W. F., Welge, H.J., Yost, D. M., and Lucas, H.J.; 

J. Am. Chem.~•• 22., 45-9 (1937). 

63. Winstein, s., and Lucas, H.J.; ibid., 60,836.47 (1938). 

61.i-. a. Lucas, R. J., Moore, R. s., and Pressman, D.;~., 

b. Lucas, H. J., Billmeyer, F. W., Jr., and Pressman, D.; 

6S. Lucas, H. J., Hepner, I•'. R., and Winstein, s.; .!E1S!.•, 

61, 3102-6 (1939). 



-138-

66. Walsh, A. Do; Nature, lli, 165 (1947); ibid., 712 

67. Werner, ILE.A.; fils!., 160, 644-5 (19l+7) 

68. Bateman, L., ibid., 56 

69. Andre ws, L. J., and Keefer, R. M.; .:!•Am.~.~-

70. Brown, H. c., and •3rady, J.; ill.£., 3573 

71. Benesi, R. A., and Hildebrand, J. H.; ibid., 2703-7. 

72. Mulliken, R. s.; ~., 72, 600-8 (1950). 

73. Rundle, R. E., and Holman, E. J.; ill,£., .11, 3264-5 

(1949). 

7)~.. Uemura, T., _tl &; Bull. ~ • . Soc. Japan; 21, 9-18 

(19L~8); ~. Abstr., 44, 36b (1950). 

75. J:i..,airbrother, F., 'rrans. Faraday Soc., 37, 763-70 (1941) • 
• -

76. Vestin, R., and Somersa.lo, A.; ~ ~- Scand., 2., 

125-43 (1949 ) (In I!;"ng1 ish} 

77. Vestin, R., and Ralf, E.; ~ Chem. Sco.nd., .l, 101-7 

78. 

79. 

80. 

(1911.9); ibid., 107-24. 

Vestin, R.; ibid., 6$0-2. -
Shaw, J. A., a.nd Pisher, E.; 

2745 (1946). 

Shaw, J. A.; Brit. 616,318. 

Abstr., Ju, 5175a. 

J.. _Am. Chem. Soc. 68 - -- , _, 

Chem. -
Taufen, H. J., f1Iurra:y , h1. J., and Cleveland; Ft . r, • 

V •, 

82. Khare.sch, M. s., and Ashford, '11 . A.; J .____!!!!. ~• .§££., 

58, 1733-8 (1936)~ 



83. and Fernelius , 

Prepara.tio~, 24-6, J'/ cGraw-Hill, Ne w York, 193,5. 

< 193h ) • 

.Ander son, J. J . Ol1em. Soc . , -- · 
n6. Bergmann, E • . D.; ~ Chemistry of ~ Acetylene ~

pounds , Interscionce, New York, 1948. ~ 



PHOPO CH 'I'IONS 

1. '.flhe unit process of nitrosation of aromatic compounds 

has been very little studied, aqueous nitrous acid attacking 

only those compounds which are exceptionally reactive toward 

substitution in the ringo In view of the recent studies o.f 

Seel and Bauer ( z. Na turforsch., ~, 397-44.0 ( 1947); c .. A. &J., 
8935g) of the behavior of nitrosyl chloride and antimony pen

tachloride in liquid sulfur dioxide, and the successful use 

by Leiserson .2._~. & (Ind. Eng. CJ.1em., 40, SOfi -10 (194-8)) of 

liquid sulfur dioxide as a. medium for sulfona.tion, I propose 

that nitrosation could be performed and studied for a much 

wider variety of compounds in a ni"t;rosyl chloride-antimony 

penta.chloride-liquid sulfur dioxide system. 

2. I have observed that when an object is placed on the 
c 

bot t om of a conta i ner i n which e. liquid is being boiled, the 

vapor bubbles form between t he bot t o m of the object and the 

container, even when the object has a glazed surface of the 

type usually cons i dered of very little value as a boillng aid. 

'This suggests tha t the heat transfer is bet t er at the point 

where the object touches or is near the container wall than 

at a point where the container wall is covered by a thick 

layer of liquld. I p ropose that this phenomenon be system

atically studied . (This is to be distinguished from previous

ly studied treatments of the conta iner wall, such as roughing 

or grooving . } 



3., 'rhe particle siz e-frequency distribution of many 

powdeI•s may be represented by 8.n 

Jc ' ~ e - [ f h. Cf)]~-= 
rA D 

equation of the t ype 

e - [f 4- r~y,7:i.. 

where C is the number of. pa1"t:i.cl es, D is di ameter, B is a 

uniformity coefficient, K is a shap e coefficient and D0 is 

t he diamete1• of the most frequent size of particle. I 

p ropose Lhat the flow chBraeterist :1.cs of fluid.a through beds 

of such powders may be described by using B. K and D0 in 

place of an tt averag e diameter" in such cmventiona.1 

dime11,sionless group s as Reynold's number. 

4. '!'he pyridine-nitrogen dioxide complex :i.s a stable 

but little studied substance (Spencer, J.P.;~•~• 

Soc., 12,, 79 ... SO (1903)). I propose that it be studied: 

a. As a reagent for the nitrationof aromatic substances 

which are highly reactive toward substi tution but 

which are acid. sensitive; e,g. pyrrole. 

b. As a source of nitrogen d ioxide :;_"or the determination 

of olefines (Bond, G. R.; ~. Enp; . Chem., ~• _§2..., 

5. I propose that the cyclic :t;ixed-bed met;r· od of 

utilizj_p.g oxygen-bear•ing chelate compounds (Folger, n. B.; 

1.!l£:_ !:1:1-.i.. • Chem., 12_, 1353-60 (191+7)) is markedly inferior 

to a continuous fluidized solid process, and that the lat t er 

should be g iven considerHtion as a source of tonnage oxygen. 



a mount of study devoted to 

t h e Gi->igrn: r d. r e ag ont ., no 1•epo 1°t is found for the reaction 

of the x•eagent with sulf1..u• trioxide or ni tro 8Yl chloride. 

I propose that these r•eactions be attempted as p ossible 

syntheses Q:f.' sulfonic aci.ds and nitroso compounds. 

7. The manufacture of cyclooctt;ttetra ene by the cata

lytic poly:m.e riza.t:i.on of acetylene has several char-acterls-

tios wh ich are not well explained by the postulated mechanisms 

(Reppe, W., ~ al; ~., 26.0_, 1-116 (l9L~9)), I propose a. 

mechsnism based upon the for'lrw.tion of a nickel-acetylene 

complex, which more satj_s.fe.ctoi->ily explains these points. 

8. In the tr·eatment of salts of' compounds containing 

a. keto-enol system with alkyl halides or a cyl :ru:1.lides., the 

sodium salts generalJ.yprod.uce c-subs,ti tuted. products, the 

copp0r or silvei-> salts o ... substituted products {Land.er, G-,. 

D.; J. Chem. ill1£•; 83, 414 ... 23 ( 19 o·. • ) • Michael, A., et al· - 3 1 - ____ , 

.i!.. ~· Chem. - Soc., - 57, 165-?h- (1935); ibid., - 2,8' 353-611. 

(1936); Beilstein, System 280). I propose that this dif'-

ference in the pvoducts formed may be attributed to 'a shift 

of' the keto•enol equilibrium toward the enol form by complex 

formation between the copper or silver and the double bond· 

(either carbon-carbon or carbon .... nitrogen) of the enol form. 

9,. I have observed that the product of HamJnett 's e 
and absolute temperature is a constant. (Hammett~ L.P.; 

Physical Organic Chemistry), so far as the very limited data 



permits evaluation. I propose tha t t his matter should be 

investigated; ·· and_ that the theoreticsl basis of 

a constant be studied . 

e T = 

. 9. . I propose that the present usage of quoting both 

volume . aun1be1;, !tnd year in ,references ie ine.fficient and es

sentia.l.ly redundant, since it convey s only the trivial infor~ 

ma.tion of the tpta.1 nw:nber of volmnes published beyond the 

information conveyed by the u·aage of quot·:tng the year, 

10, I propo,<se that the cenvenienee of usi:t?-J:$ the Pr.a ... 

cision Scientif'ic Co, constant tempe:r.ature watev b~.th 

(Cataloij No. 66600) could be greatly increased by _i,nc.or

pora.ting one or two addi ti0nal . me:rou~y .. filled therrnorogu .. 

la.tors, plus a selector s vdteh to choQs.e the desired 

thermoregulater.. 1ih'is would pelmlit· _aocurate and permanent 
;;. 

setting of the desirf,}d temperatures (usually 20° to 25°) 

for instruments such as a refractometer•, -yet would permit 

easy and rapid change frem one temperature to the other. 

12. 'The repla.c0ment of atoms or groups other than 

hydrogen from an aromatic ring by electrophilie substitution 

ap pears to be unknown. I prtrpose that the attack of eleetro

philie 1~eagents on hexasubsti tuted benzenes would be of con

siderable interest and might provide addi tiona.1 knowledge 

of the mechanism of substitutes. 




