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ABSTRACT

Using3~hexyne, the methed of Lucas and Pressman (1)
for determining acetylenic hydrocarbons by bromination with
a mercurlc salt catalyst in the abgsence of 1light and oxygen
was studied in detall. Determinations of 3-hexyne in carbon
tetrachloride solution ylelded a two-phase system of consider-
able complexity, the rate of bromination being dependent upon
several factors. From 99 to 102% of the 3~hexyne taken was
found in numerous runs, the average deviation being usually
less. than 1%. Determinstion of 3~hexyne in aqueocus solutions
yielded a more simplse system but gave the same results 1if
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 raaetionﬂ

It wag found by & distribubtion method that 3~hexyne
complexes with silver lon in aqueous solutlions, but does not
complex with bipositive cadmium, copper, nickel, cobalt, or
zinc ions, A rapid reaction with mercuric salts precluded
any conclusion about complexing. The evidence for cuprous
chloride or for cuprous lon is ineonclusive, but no comnlexing
is indicated., Two silver ions complex stepwise with one mole~
cule of 3-hexyne, the argentation constants being 1¢.1 and
0.22 respectively. The interaction 1s much wesker than that

of olefins, but seversl times stronger than thet of the aro-

matic hydrocarbons,
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THTHODUCTORY REWARKS

The research reported in this thesis 1is recorded
in Work Books No.'s 17i, 256, 207, 232 and 333 of the Gates
and Crellin Laboratories of Chemistry, California Institute
of Technology. The work book pages were numbered serially
through the sequence of books glven sbove. Experiment
numbers are the number of the first page on which any data
for thet experiment is recorded.

Attention is invited to the assumptions mede in
calculating the nominai total volumeé" in Part I, and to

the definition of "oxygen~-free" as used in Parts I and II.



PART I

DETERMIFRATION OF AN ACETYLENIC HYDROCARBON (3-Hexyne)
IN CARBON TETRACHLORIDE AND IN AQUBEOUS SOLUTION

A, HISTORICAL. SURVEY OF POSSIBLE METHODLS.
In distribution studies of 3-hexyne (see Part II)
it was necessary to determine the concentrations present in
both carbon tetrachloride and squeous phases. The study of
 the anelyticael method divides itself into two sections ac-
cording to the medium in which the 3-hexyne was dissolved,
The following general considerations apply to Eoth sections:
As a method for the determination of 3-hexyne, the
use of the spectrophotometer was consldered, but was not
attempted because the very low wave iéngth at which the
carbon-carbon triple bond frequency occurs, about 1700 £,
was below the range of the available instrument, Among the
chemical methods considered were bromination, ketal forma-
tion, the-Karl Fischer reagent, dinitrogen tetroxide addi-
tlon and thioceyanogen addition. The bromination had previously
been studied in some detail (1) and appeared to be the quick~r
" est method, The formation of ketals, using a methanolie
solution and s mercuric oxide-boron trifluoride catalyst has
been described by Wagner, Goldstein and Peters (2) and offers
advantages where mixtures of olefinic and acetylenic compounds

are involved, but regquires more time end offers no particular
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advantage where a single slkyne is being determined. The
various methods based on the precipitation of copper or
silver acetylides were not applicable here because a disub-
stituted scetylene was involved, Dinitrogen tetroxide (3,
i) and the Karl Fischer reagent (5) and thiocyanogen (6, 7,
8) have been used in quantitative determinations of olefins
but are untried with acetylenic compounds and involve longer
times to complete determinations. The addition reaction of
nitryl chloride NO,Cl, (Q) might offer & possible method of
analysis but would require much development. It was there-
fore dedided to continue the usse of the bromination procedure

which was already svailsble.

B, BROMINATION OF THE CARBON-CARBON THRIPLE BOND.

The generalizetion is frequently mede that the
carbon-carbon triple bond adds two moles of bromine, but it
is the experience of several authors {(summarized by Lucas and
Pressman(l)) that under non-catalytic analytical conditions
the resaction does not go to completion, or goes only very
slowly. Indeed a search of the literature showed that only
2 limited number of the 1somerie tetrabromo compounds de-
rived by addition of bromine to acetylenic compounds have
been prepared ond studied, and in many reports the details
of preparation are very scanty so that 1t is impossible to
evaluate the ease or difficulty of preparation., The well
known 1l,1,2,2~tetrabromoethane and 1,1,2,2-tetrabromopropane

{10), 1,1,2,2- and 2,2,3,3-tetrebromobutane and 1,1,2,2-



tetrabromopentane (11, 12) are reported, but none of the
corresponding tetrabromohexsnes are reported. Attempts to
prepare 1,1,2,2-tetrabromohexane from l-hexyne failed (13),
and attempts in this laboratory {1li) have also been unsuc~
cessful; this study is being pursued further, 4 litersture
search for higher homologs was not made.

Excent for a comparison by de la Mare (15)% of a
relatively limited number of olefin and acetylene homologs,
and soms 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,

. Br - 31‘2 -
rapldly slowly 1f T ()
uneatalyzed

The difficulty in schieving complete béomination might be
logically explained by the lower reactivity of the dibromo-
olefin., 1In faect, Lucas snd Pressman (1) in no instance ob=-
gserved less than 50% bromination of acebylenic hydrocarbons
without catalysts, but dld observe incomplete bromination of
the olefinic compounds: dichloroethylene, fumaric acid and
maleic acid under equivalent conditions and times., Davis

et al (20) report results which show the same, and Mulliken

¥Given in a review article., Since it is not eredited to any

other source, it is apparently some of de la Mare's work,
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end Wekeman (21) found in 5 instances out of 8 that more
than one mole of bromine was absorbed ner original triple
bond,

The unreactivity of dihalogenated olefins Lowards
bromine addition 1is well known qualitatively, and has been
the sub ject of some kinetic studies which are partially re-

produced in Table 1.
Teble 1

Relative Reactivities of Dihalogenated 0lefins
towards Bromine Addltion

Compound elatlve Rateg of Addition Resonance
Swedlund and Anantakrishnan Energles
Robertson (22) and Ingold (23) kc?l ?ole

21

H.= : -

Cle CHZ L 1

CHo=CHBr 3 x 107k ‘Small 192

CHCL=CHCL :

(cis)?! 1 x 10-7 - 28
CC1=CCL, 3 x 10-10 - L2

1. It is of interest to note that Swedlund and Robertson (22)
found addition faster to the cis compound than the Lrans,
whereas Chavanne (25) and Verhoogen (26) report the oppo-
site sequence, Isomerization is observed during bromination.
It should alsc be noted that Swedlund and Robertson apparent-
1y quote Chavanne incorrectly since they indicate that he
studied Chlorine adiitbion, whereas Chemical asbstracts

2898 (1915) and Chem. Centr., 191l, II, L1} report that he
studied bromine addition. Unfortunately the orizinsl article
was not available to check this point,

2. For vinyl chloride,
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Verious discussions have been given of reactivity and double
bond character or bond order (27, 28), the most specific
suggestlons perhaps being those of Pullman {(29) and Gold (30).
Ho aessigrments of bond order of the carbon-carbon bond for
the compounds in Table 1 {except ethylene) were found, but
the resonance energies caslculated by Ketelsar (2l) are given
for comparison. It would seem reasonable that the well es-
tablished increase in double bond character of the caébon-
bromine bond in vinyl bromide (as compared with ethyl bromide)
(27, 31) would be accompanied by & corresponding and critical
decrease in the double bond character of the carbon-carbon
double bond, even though the change in the carbon-carbon
distance is small.” A critical examination of this point
appears to be desirable, although not directly pertinent to
this snalyticel method for alkynes .since the intermediate
here 18 presumably aslways of the forﬁula RCBr=(CBrii 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 Iquation 1 is ralsed by the
studies of a group of Russian authors (32), concerned pri-
marily with the addition of mercuric hallides 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

studles of molecules such as vinyl bromide (31).
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mercuric chloride is not an effective catalyst for obtaining
complete bromination of 3-hexyne. In this study no ready
criterion was found to determine whether the catalysis ob~
gerved Involves the iInitiel addition to the triple bond oy
the subsequent addition to the dibromeoolefin. From the pre-
ceding paragraphs, it would eppear that the latter phase of
the reaction is the one which goes only with a catalyst,
Indeed, there are some considerations which indicate
that 1t 1s not a case of catalyaié, but one where steichio-
metric amounts of mercury are required, This will be dis-

cussed further,

C. DETERMINATION OF 3.HEXYNE IN CARBON TETRACHLORIDE 30LUTION

In one phase of the work, the amounts of hexyne to
be determined were 0,02 to 0,2 milliequivalents {0,005 to
0.05 millimoles), gbout one one hundredth to one tenth the
amounts previously analyzed (1), and initlel attempts to ad-
just the method to these reduced smounts failed ho'produce
satisfactory results, The followlng study was therefore
undertaken to define more accurstely the variables involved.
Later work required the determination of amounts of hexyne
up to 2.0 milliequivalents, but using a smaller total volume
of carbon tetrachloride phase and a large volume of aquoous
phase, For the latter, a briefer study was made which suf-
ficed to develop adequate conditions, but.which was not ex-
tended to define minimal conditions,

It was found in some of the experiments with 3-



hexyne in aquecus solutions that oxygen interlered with the
snalysis. UWo such Interference was observed with solutions
of 3-hexyne in carbon tetrachloride, snd no precautions

ageinst oxygen were teken in eny of the experiments on such

solutions.

WATERIALS AND SOLUTIONS

S8ince the materisls for PFert I coincide largely with |
those of Part II, this section will sefve for both Parts,
Only such items as are peculiar to Part II will be discussed
there,

3~-Hexyne, The 3~hexyne was in part furnished by
Dr. H. Lemalre of this Laboratory (synthesized by the method
of Bried and Hennion (34) )and in part purchased from the
Farchan Research Leboratories, When freshly distilled in

an atmosphere of nitrogen the velues shown in Teble 2 were

obtained,
Table 2
Propertlies of 3-Hexyne
Source of 3-Hexyne n%s ng0 bap.,0
Lemaire 1.1,087 - 80.0-80,6 (7 6mm)
FParchan 1..089 - 80,0-80.3 (7lpm)
Literature
Henne and Green- i
lee (35) 1.40892  1,4115 81  (760mm)
Cempbell and
by (36) 110848 1.4110 -

2. Calculated, using ngO and dn/dt = 0.0005237 (37).
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The agreement of our observed valués with thgt calculated
from ngg_z 1.4115 would appeer to support the contention of
Henne and Greenlee (35) that their value is & better one than.
that previously reported (36). A portion of the 3-hexyne
which nad been stored for several weeks in conbtect with eir
and which presumably contained appreciable amounts of oxi-
dation products gave ngg = 1,h282,

Immedistely after distillation under nitrogen the
3-hexyne was introduced by hypodermic syringe into previously
weighed glass ampoules, 0,05 to 0.3 zm per ampoule, énd the
ampouie sealed and weighed, Identification was made positive
by including inside the ampoule glass threads of various
colorsg in recorded combinations. The welghts were checked
before using each ampoule. The free alr space was about
1.5 ﬁl per ampoule and never exceeded 3 ml, Assuming O.1 gu
- hexyne present, 3 ml of air and absofption of 2 atoms of
oxygen per molecule of hexyne, only 0.2% of the hexyne would
be transformed into peroxide, Actually, no peroxide effects
were obgerved in any titrations, even when the carbon tetra-
chloride solutions of hexyne had stood in contact with sair

forseveral days after preparation,

2-Pentanone, (Diethylketone). Hastman Kodak Company

White Label grade was redistilled, a cut boiling at 99-101°C
(751 mm) being collected., This was immedistely introduced
into glass ampoules and sealed, as described for 3~hexyne.

2-Butanone., (Methyl ethyl ketqn@). Testman Kodak

Company white Label grade was redistilled through a 2 c¢m
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inside diameter column with a 36 mm length packed with 0.5
cm of bmmtubing. Using a reflux ratio of 8 to 1, a cut
was collected at 78,3 - 78.5°C (7homm),

fitrogen. Compressed nitrogen derived from lique-
fied air and rated as'QQ,T% nitrogen by the vendor was used
in experiments up to gnd including Expt. 622, It was passed
through thres absorntion bottles, the first two containing
copper turnings and aquecus smmonla and the last sulfuric
acid, After Expt, 622, dry, high purity nitrogen claimed to
be 99.99% pure by the vendor was used,

. Carbon Tetrechleride. All carbon tetrachloride

used was purified as previously described (1, 38).

Potagsium Jodide, U.3.7. grade wgs found satisfac-

tory. At first fresh solutions were prepared dsily, but
later the method of Stansby (39) was spplied and solutions
were made up to contein 2 to L% (by 'welght of total solilds
content) of sodium carbonate, Such solutlions were stable

over the two or three week psriod required to consume them,

Other Reagents. Potassium bromide, potassium bro-

mate, mercurlic sulfate, mercuric oxide and mercuric nitrate
were reagent grade, Mercuric nitrate was dried in a desic-
cetor containing phosphorgus pentoxide before welghing out.
Other reeagents were C.F, grade,

FPormg for Analytical Data. ‘The meny factors which

had to be recorded to keen a complete record of an analysis
led to the adoption of a mimeographed form which was pasted
in the notebook where desired., The form was revised several

times and a copy of the last format is ineluded as page 11,
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A
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Wash CClg
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e v
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1
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to water, hours

(e} 1% squeous soln of soluble starch, prepared this

(@) milliecuivelents

/date,
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Stopeock ILubricant. A lubricent whiech did not

interfere signiflcantly with enalyses was made by melting
together L0 g stearic scid, treated as described below, 20 g
#7 mineral oil and 1.0 g zinc oxide (Beker's CP Analyzed).
On cooling, & smooth, feintly yellow, moderately stiff paste
'resulte{. ihe stearic acid prior to mixing had stood for 24
hours in the derk with acidified bromide-bromate solutlon,
then melted and, while molten, wagshed well with water. The
treated stearic acld ebsorbed bromine,'0.00SZ meq per gram,
The mineral oil absorbed 0,0038 meq per ml,

The lubricant was quite satisfactory even though
inferior as a lubricant to some commercisl preparations
which were unsuitable because they absorbed apprecisble
amounts of bromine, Assuming 0.017 meq of 3-hexyne and that
as much ag 0,05 g of lubricant would be dlssolved into the
enalysis, the maximum srror would be 2,)%. This 1s believed
to represent the extrems condltion,

Later a sample of Fluorolube Light Gresse, a polymer
of trifluorochloroethylene, was kindly supplled by the Hooker
Electrochemlicsal Compeny. This was very satlisfactory as a
lubricant®, although, as before, the solvents leached the
grease to such an extent that relubrication was necessary
after each use of the stopcock-stoppers. Blanks showed that

1 gm of Fluarolube Light Grease absorbed 0.0051 to 0,0081 ”7¥“iﬁ‘

*This_was also used very satisfectorily on other experiments

with fuming sulfuric scid and dinitrogen tetroxide vapors,
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of bromine under conditions of the analysis. This repre=-
sented a maximum error of 2.6 per cent, caleulated on the

same basis as above,

PROCEDURE FOR ANALYS3IS

Known Solution of 3-Hexyne in Carbon Tetrschloride.

An empoule of 3-hexyne was broken under the surface of carbon
tetrechloride in a nearly-filled volumetric flask, the
bresking rod washed down and withdrawn, and the solution
diluted to veolume. The resulting solution was spproximately
0.005 ¥. Because of the high coefficient of expsnsion of
carbon tetrachloride the temperature was closely observed

ennd corrections spnlied when necessary. Corresctions were
also spplied for the volume of glass from the ampoule.

It will be noted in some instances that the maximum
snalyses obtained wers ss much es 2:5% below the theoretical.
Since the values alwaysg lay below 100,0% and siﬁce any one
golution of hexyne gave consistent maximum analyses which
would differ slightly from the maximum asnslyses for snother
soiution of hexyne, if is conaidered that the errors were due
at least in part to losses of hexyne in preparing the
solutions.

The possibility of polymerization, oxidation or loss
of hexyne from the known solutions was checked by anslyzing
the same solution under the same conditions (which gave maxi-
mum sanalysis) over & period f 12 days; On the lst, 2nd,

3rd, 5th end 12th days after preparing the solution, 97.6,
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97+5, 9T.5, 97.5 and 97.5 per cent of the calculated amount
of hexyne was found. The excellent agraeﬁent is considered
to be nartially fortultous since in general the reproduci-
bility of results was not this gcod.v It shows, however, that

the strength of the solution did not alter appreciably.

Semples for Analysis. Two methods were employed,

In Method A, a portion of the known solution was teken in an
Eberz pipette (38) and washed through the pipette into a
glass-stoppered mixing eylinder, then diluted to 4O ml with
carbon tetrachloride. This procedure was followed so that,
from a given known solution of 3-hexyne, a serles of semples
of the same total volume but of different hexyne content |
could be prepared.

In Kethod B, the sample was taken in an Eberz pipette,
then sucked directly into the bromination flask and washed
through the pipette with enough carbon tetrachloride to make
the desired total volume, or with the acetlc acid i1f the

totel volume of carbon tetrachloride was insufficient.

Procedure F-03, For Determinstion of 3-Hexyne in

Carbon Tetrachloride., This procedure is modifled from that

of Lucas and Pressman (1). It should be noted that the brom-
ination 1s conducted in the absence of light and under low

pressure (little oxygen). The nominal total volumes are

calculated on the admittedly apnroximate assumption that all

aqueous golutions and acetic acld remain in the agueous phase,
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and that all carbon tetreschloride remains in the carbon
tetrachloride rhase,

An excess of 25 to 1007, the higher figure being
uged with smallest amounts of hexyne, of the standard potas-
sium bromide-bromate solution {(mole ratic bromide/bromate =
5.00/1.00) was measured into a 250 or 300 ml 2L./Li0 stendard
taper Hrlenmeyer flask., The f{lask was {(a) fitted witﬁ a
2L/10 stendard taper stopper bearing & seasled-in stopcock;
(b) covered with a black cloth bag - and {(c¢) evacuated to a
pressure of 12 to 50 mm of mercury. Into the flask were
sucked the sulfuric acid and the mixture-allowed to generate

ronine for at least 15 minutes.

hen Nethod A was uged, the sample was transferred
to the reaction {lask by suction through a U~shaped cspillary
tube and the mixing eylinder washed down (wlthout removing
the capillary) with enough carbon:teﬁrachloride to bring the
nominal totel volume of ocarbon tetrschloride to the desired
value, Similarly, the catalyst solution, glaciasl acetic acid
and sufficlent wash water to bring the nominal total volume
of the aqueous phase to the deslred value were successively
added to the mixing cylinder, each reagent being sucked into
the flask before adding the next reagent, The capillary was
removed and the flask mounted in & clamp on a Boerner oscll-
lating pletform shakerland shaken for 15 minutes + 1 minute,
(A reasonable over-run of sheking time was probably not
serious, but siﬁce the shaker employed had & bullt-in timer,

the above limits were maintained,) ©#hen Method B was used
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for gampling, the catelyst solution, acetic acid (if ﬁot used
for washing sample through speclal pipette) and wash waber
were added after the sample through 2 special funnel {a test
tube of suitable size with s delivery tube seeled in the
‘botton),

The desired volume of potassium lodide solubtion and
50 ml of water were sucked into the flask at the end of the
shaking period and the shsking resumed for 3 minutes. The
cloth bag was then removed, vacuum broken and the flask
washed down, The free iodine was titrated with standardized
sodium thiosulfate, Starch solution was used as an indi-
cator (1).

Blanks were run using 50 ml of carbon tetrachloride
for & ssmple and sbout 1/3 the amount of bromide-bromste used
for determinations, During exploraﬁpry work, the volumes of
81l reagents were recorded, Under routine conditions this
would be unnecéss&ry, but the volumes of reagents should be
controlled to minimize variation in the blank. The amounts of
reagents taken were:

Sulfuriec acid: 6.0 ml of 6,0 N,

Caetalyst: 5.0 ml of solution 0.20 ¥ in mercuric sul-
fete and 1.0 ¥ in sulfuric acid,

Glacial acetic acid: 10 ml

Hominal total volumes:
Carbon tetrachloride phase: 50 ml

Aqueous phase: 37 ml

Potessium iodide solution: 7.0 ml of 1.00 N.
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Table 2

Effect of Varying Catalyst Salt

. C__Catalyst Solution Hg Vol % Vol Percent
Salt Salt Solvent Taken Acid Glacial Found
Conc. mmol Teken Acetic of Hexyne
M. ml Acid Taken
Taken
ml
HgCl, 0.030 HWater 0.0 6.0 0 35
0.12 6.0 0 38
0012 6.0 5.0 63
HegCl, Sate Water Lok 6.0 0 58
HgClz 0.810 0099 M aqe. 12.1 300 0 83
NaCl 12.1 2.0 0 83
HgCl, 1.217 1.5 M aq. 12.2 6.0 5.0 80
NaCl 1242 2.0 0 82
H,S0, 0.50 6.0 5.0 97.5
Hg(C10,), 0.20 0.414 N a
HC10, 0 6°0d, 0 9
0.16 6.0d- 0 35
1.0 6.0d 0 89
1.0 6.0d 0 91
2.0 6.0d 0 88 c
1.0 6.0 5.0 99.2

Notes

ae 6.0 N HC1l except as notede

be 6.0 N HpSO,e

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

de 6.0 N HC1O,.
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DETERMINATION OF 3-HEXYNE IN AQUEOUS SOLUTION

To exclude air from the solution, water was boiled under reduced
pressure (about 20 Mme ) unfil small bubble evolution ceased and bumping
began, with the formatioun of very large bubbles of vapore. This behavior
was taken as a criterion of "oxygen-free" conditions and, within the limits
of these experiments, was entirely satisfactorye. The bottle was discon~-
nected from the aspirator line aund connected to a nitrogen supply. The
time interval during which the water was exposed to the air was in general
less than 15 secounds and never exceeded 45 secondse 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 botile. The botile
was allowed to cool to room temperatures

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~0l. Prevaration of Known Solutions of 3-Hexvne in

Oxygeun=-Free Aqueous Acetic Acid. The ampoule was broken under 50 ml. of

glacial acetic acid in a centrifuge bottle (Figure 6) and 5 mle. 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 oxygeun-free

watere The stopcock of the separatory funnel was left open and unlubricated
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Procedure ¥-0li, This procedure was the ssme as

?récedure F-03 insofar as sequence of actions is concerned,
but the following amounts of reagents were taken:
Sulfuric acid: 6,0 ml of 18 N.
Catalyst: 10,0 ml of solution 1,00 ¥ in mercuriec
sulfate and 3.00 ¥ in sulfuric acid,
Glacial acetic acid: 10 ml
Hominal total volumes:
GClh phase: 11 ml
Aqueous phase: L5 to I8 ml
Potassium ilodide solution: 20 ml 3,00 N.

Nitrogen System., The nitrogen system used for the

experiments on squeous solutions of 3-hexyne and later in
distribution experiments (Pert II) evolved from a very simple
beginning into the arrsngement shown .in Fige. 1. This was
used for all experiments from No. 510 onward,.

| A "high" pressure line, usually operated at about
5 to 7 psi gauge, was used for displacing solutions snd
£111ling burettes. The "low" pressure line, ususlly operated
ab sbout 1 to 2 psi, was used to providg the atmosphere for
storage of solutiéns. The reducing valve between the high
end low pressure lines was bullt for higher pressures and
greater differentiels, and did not function too well., As &
result of the low flow rstes aﬁd low differential, it func-
 tioned primarily as & controllable leak. If the consumption

of low pressure ggs 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,  1f no gas had been drawn for a time, it was necesgsary
to vent the low side before £illing a burette,

ihile only one burette and one bottle are shown in
Fig 1, actually three burettes were so equinped for sul-
furic acid, acetic.acid and catalyst solution., The burettes
were used for dispensing without calibration, the manufac-
turer's graduations being accepted. The overflow connections
at the ton of’ the burettes were initlally connected to the
low pressure vent lines,"but one or two flooding acocidents
made it desirabla 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. The trap bottle

was then conneeted to the low pregsure line.

RESULLS OF QFTJRHINRWION O 02 to 0. 2 VILLITFUIVAL NTS OF
B-HEXYN?

A detalled study was made of the effect of varying
one factor after another, usually under conditions which
would not give quantitative results, so as to emphasize the
effect of the variable, |

$tand&rd Conditions, These sre, as outlined in.
Procedure P-03: nominal total volume of aquecus phase, 37 ml;
nominal total volume of carbon tetrachloride phase, 50 mlj
mole ratio of bromide to bromate, 5,00 to 1.00; 5romination
time, 15 minutes. These are the conditions prevalling in the

experiments denicted in the filgures, excent as otherwise noted.



Bffect of Time of Bromination, As previously shown

(1) and as borne cut by experiments in this study, increasing
ﬁhe time of bromination causes the analysis to approach 100%
more closely when catalyst is present but in insufficient
smounts to give 100% analysis in a short time, A bromination
time of 15 minutes, * 1 minute, was arbitrarily selected as
convenient end easily reproduced, and was used for all runs

unless otherwise indicated.

| Effect of Bromide/Bromate liole Ratio and of Addition

of Chloride Ion, While the reaction

+ 3 H,0

BI‘C'B' + 5Br” 4 68Y 5 3Br .

2

requires a mole ratio of bromide/bromate of 5/1, & ratio of
10/1 was used by Lucas and Pressmen (1; this fact was not
stated in the original paper) to speed up the generation Af
free bromihe. Since enough mercuriélion must be provided tb
complex all excess bromide as HgBrﬂ', plus sdditional mer-
curic ion to provide catalytic action, the higher ratio re-
quires use of more mercuric salt. Further, enough iodide

-

ilon must later be added to convert all HgBry = and Hg ++'to

Hgli' . Sodium chloride had previously (40) been sdded after
T

the bromination neriod to assist in complexing the mercury.

The equilibrium constents for

Hptt £l 7 — ugy-

A A
~ - t(_) 4‘

are given (4l1) as 1.2 x 1015, 1.0 x 101 and 6.86x10°° for

chloride, bromlde and iodide, respectively. These constants
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indicate thst any moderate smount of chloride or bromide ion

- -

will not convert any appreciable fraction of Hglh to chliﬁ
or HgBri—. This was verified by taking all reagents (except
bromate) 1in sequence as prescribed for gsatisfactory enalysis.:
The potassium iodide solution (lest reagent) was added by
titrating until all the initielly-formed oreange mercurie
iodide precintate was redissolved. Using 1,00 mmol mercuric
sulfate and 10,0 meq sodium chloride, 3.75 meq of potaessium
iodide (mean of 3) were required; using 1.00 mmol mercuriec
sulfate and no sodium chloride, 3.82 meq (mean of 3) were
required, The difference of 0,07 meq is of doubtful signi-
ficance and so small & saving of potasslium iodide as not teo
Justify the nulsence of the additional reagent and the accom-
panying bulld-up of lonic strength.

Considering the above, the bromide/bromate mole
ratio was reduced to 5/1 and the use of sodium chloride
solu%ion was omltted in all experiments In this thesis unless
otherwise noted. The rate of bromine generation and the

comnlexing of mercury were satisfactory insofar as no detec-

teble change ln results was observed.

Bffect of Acetic Acid, It was previously shown (1)
that at a given mercury concentration the addition of acetic
acid reduced the error of analysis from 10% or more to 3% or
less, 1t being goétulated that the effect was due to solvent
action. It was found that in a system with no acetic ecid

present perfect analysis ecould be achieved by incrsasing the



smount of mercuric salt used, as 1llustrated in FPigure 2.

An entirely anslogous curve was obtained when S;O nl of
glacial acetlc acld were used in each run, except that a
smaller amount of mercuric.salt was required to achieve 100%
analysis. It should be noted in examining the curves that
they were oblsined from two different known solutions of
hexyne. The difference in maximum per cent found was attrl-
buted to errors in prepsring the known solutions,

An attempt was made to determine the nminimum amount
of acetic acid required to give the maximum improvement when
an amount of mercuric salt insufficient to give 100% enalysis
in 15 minutes was used. ¥Figure 3 shows that using 0,10
mmols of mercuric sulfate, as little as 2,0 mmols of acetie
acid gave asllarge an improvement as any amount up te 17.5
mmols. The beneficisl effects of such small amounts of
acetic acid indicate that the aecid mﬁy enter into the
reaction mechanism, although a simple solvent action 1s by
no means excluded,

As a prectical consideration, in the absence of
acetie aeid the two phases emulsified quite badly when shaken
during the titration, msking the end point difficult to de-

ternine exactly. PFive ml of glacial acstic acid, even if
added after the bromination period but befeore titration,
greatly reduced the emulsification; 10 nl gave very rapild
separation of the two pheses. The addition of a sultable
amount of acetié acid before the bromination period is theref

fore recommended, so as Lo beke advantege of both effects.
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Effect of Excess of Bromine. While a large excess
of bromine was undeslrable hecause of possible substitutlon,
the effect of bromine concentration upon the rate or extent
of addition was not known. At two dilfferent mercury concen-
trations insufficient to glve 100% analysis in 15 minutes
with & 10 to 257 sxcess of bromine, it was found (Figure W)
that increasing concentration of bromine gave Improved

analysis. The values show that no appreciagble substitution

occurred under the conditions investigated.

Effect of Volume of Carbon Tetrachloride Phase

during Bromination. Fixing all other conditions and taking

an amount of mercuric sulfate ilnsufficient to glve 1004
analysls in 15 minutsé, it was found (Pigure 5) that as

the volume of the carbon tetrachloride decreased, the per
cent of hexyne found also d@creased.r This suggests that an
appreciable portion of the bromination may occur in the

organic phase,

Effect of Volume of Aqueous Phase during Bromin-

ation. Fixing all other conditions except total volume of
the aqueous phasge, it was found {(Figure 6) that an increase
in the volume of the aqueous phase durlng bromination gave
a rapid decrease in the per cent of hexyne found, ‘This

would be expected from kinetic considerations,
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Effect of Amount of Sulfuric Acid., Fixing all con~-

ditions except the smount of sulfuric ascid taken and using an
amount of mercuric sulfate insufficient to give 100% analysis
in 15 minutes, it was found (Flgure 7) thet as the amount of
écid decreased the per cent of hexyne found alsc decreased.
(The amount of acid was at all times more than adequate to
feact with the bromide-bromate present.) The interpretation

of these resulis 1s not known.

Effect of Varying Catalyst salt. In an attempt to

provide soms further information on the catalytic mechanism

a8 few expsriments were performed with mercuric salts other
than the sulfate. Inspection of Table 3 indicates that merw
curie chloride or mercuric sulfate in the presence of chlor=
ide ion, is a much less effective catalyst, 15 meq of mercury
as the chloride giving an analysis of only 80~83% in the
presence of acetic acid. This low ﬁctivity of mercuric
chloride parallels the low activity of mercuric chloride as

& catalyst for the hydration of acetylene (}j2).

It may also be seen that & mercuric perchlorate-
perchloric acid system will work s&tisf&ctofily, although
the smount of mercurj required to schieve 100% analysis in

5 minutes eppears to be somewhat highef then when mercuric
sulfate-sulfuric scid are used. Acetlic z2eid a2lso snhances
the activity of the mercuric perchlorate.

. An attempt to perform the analysis in a mercuric
acetate~acetic acid system with the use of no other ecid was

a complete feilure since the bromide-bromate did not react

under these conditions,
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Table 3
Effect of Varying Catalyst Salt

Catalyst Solution Emolg Vol Vol

— b A
. 207 & c b Hg Acld™ Glacisal
Salt §§§§ ASXVMAE L von Takem Aseths
- (ml)  Acid
' ' teken
(ml)
HgCl, 0.030 Water 0,0 6,0 0
| 0,12 6,0 0
0,12 6,0 5.0
Hgllyo Sat, ’ﬁater Lay 6,0 0
HgCl2 0.810 0.99 ¥ ag '
: _ Hacl 12.1 3.0 0
12,1 2.0 0
HgGl 1.217 1.5 M agq “
2 NaCl 12.2 6,0 5.0

| 12,2 2.0 o
HgS0), 0.10 0.96 N |

Ho30 0.12 6.0 0
255 0.50 6.0¢ 5.0

Hg(Cl0L), 0.20  O.414 N

HC10 6,08 0

L 0.16 b.0d 0O
1.0 6,04 0
1.0 6,09 0
2.0 6,04 0
1.0 6

.Qd SOQ

a, Different known golutions of 3-hexyne
b.. 6,0 W HC1 except as noted

¢, 6.00 N Hp80} )

d. 6,001 HC10),

Per
Cent
Pound
of
Hexyne
taken

35 .
58

83

80
82

Ly
97.5%

89
91

99.28



...

: “ B M R TM A T O T T ? RETT T i FIT AT TORITIOL AX
RESULTS OF DT BHINATION OF 0.2 70 1.5 MILLAEQUIVALENTS OF
)

Procedure F-03 was used for analysis of the carbon
tetrachloride phase In distribution experiments, Expts. 510
through 697, and gave consistent results within any experi-
ment, but low material balances., It was first assumed that
the low balances were to be attributed to manipulative losses,
8 new dlstribution technique being involved, Finally the
failure to achleve consistent valﬁes for the distribution
constant of 3-hexyne between carbon tetrachloride end 100 N
aqueous potagsium nitrate solution led to the suspiclon that
the extrapolated analytlcal condlitions for the lsrger amounts
of 3-hexyne were unsatisfactory. Experiments 708, 716, and
%26 were undertaken to check this,

| The conditions used in Exp£%, 510 through 697 are
given in Teble li, together with material balances obtained,
It 18 readily observed that even if the aqueous phase analy-
sis had been several hundred per cent in errdr, perfect re-
-covery of 3-hexyne would not have been attained, Therefore
the most significant, if not the entire, error lay in the
analyses of the carbon tetrachloride phase, It is to be
noted that three different cetalyst solutions were employed,
namely Solutions 422-1, 525-1, and 651-1., All were supposed
to be 0.25 ¥ in mercuric sulfate, but 1.26, 1,57 and 1.28 ¥
in sulfuric acid respectively., The results of the analyses

are compared against the catalyat solution used in Table 5.
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It appears that there 1s some dAifference among these solu-
tlons, most probably in mercury content since the bromination
is more sensitive to this factor than te acld concentration,
Unfortunately, the sdlutions were made up by welght, no

analysls belng made to check the merecury content,
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Taeble 5

Comparison of Material Balances Against Catalyst
Solution, Expts, 510 through 697

Catalyst  Hexyne Recovery, % No. of H,50),
Solutlon Mesn Aver. Expts. -
Number Dav, Conc,4
Ke
L 22-18 75 IO oe 1.13
525-1° 63 2.7 of 0.85
AT L 86 8.1 L8 0.80

a. 0.25 M HgSOu in 1.26 W HZSOA.

be 0,25 ¥ BgSO), in 1.57 W HpS0),.

c. 0.25 i HgSGu in 1.28 N Hgsok.

d. During brominstion period.

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

f. Expts. No.'s 53k, 561, 573, 580, 587, 606, 626, 633,
639.

g. Expts. Ho.ts 670, 682, 690, 697,
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7able 6 1°

gonditions for Debtermination of 3~Hexynebin Carbon Tebtra-
chloride, HExperiments 708, 716 and 726.

Conditions: Bromination Time, 15 minutes; Vol,2 ceyy, 18 ml.;

Vol.b Aqueous fhase, 35 or LS ml.; Total Kercury Cone.® 0,11
to O.idi M.; Sulfurie Acid Conc.® 1.93 to 3,02 N.; ExcessS
ﬁromina, 89 to 209%; Amount of 3-Hexyne in Samnle fomm

0.708 to 1.413 nilliequivalents,

10,0 ml glecial scetic seild no glacisl scetic acid
Detn Per cent Known soln, Detn Per ceni Xnown soln.
No, PFoundd used Ho. Found ¢ used,
61 98,2 D 60. 98,8 D

6 101,5 D 65 96,2 D

6,  101,2 D 67  102.8 D

71 102.4 P 68 95.6 D
8& 99.8 G (O P

97.9 a 76 96k

00 101, o 78 95,0 P

g 101.7 G 80, 92,6 P

95 100,2 ¢ 82 9792 P

96 100.3 ¢ 8g 052 G

97 9945 ¢

100 100.8 G
Mean of 12 = 100.4% lman of 10 = 96,8%
Aver. Dev, = 1,15 Aver, Dev, ¥ 1.9%

Mex. Dev, = 2,5% Max. Dev. = 6,0%

a. lominal total volume, neglecting any CCl; dissolved in

; water, +

b, Nominal total volume, sssuming no water or acetic acid
enters “€fy, and that volumes of water, glecial acetic
acid, sulfarie acid (18 W) and wmercuric sulfate solu—
tion are addative,

¢, Galoulated on bagis of b,

d¢ Based on amount of 3-hexyne taken,
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more vigorous conditions were necesssry
to achieve complete bromination of samples more rich in hex=~
yne, Including & few aet@rmznutzcns under the conditions
used 1n Bxpts. 670, 682, 690 and 697, I3 alvses of know
used 1n bLxpts. 070, LE2, 090 and 697, 3 asnalyses of known

4

solutions of 3~hexyne in carbon tetrachlorlde included only
two values (8l..0, 86.0) of per cent found of hexyne taken
below 87.0 end only two (100.8, 92.9) above 96.0. It 1s thus
gseen that the condlitlcons were nearly sdequate, However, sat-
isfégtory reproducible résulﬁs were obtained only by rather
radical increases in the amounts of mercuric sulfate and sul-
furic acid used. The conditions found which did give satis-
factory anslysis are set forth in Table 6, as well as a
second set of conditions which were not Satisfactory. The
latter set indicate that it is necegsary Lo use scetic acid
for perfect analysis, although the full 10 ml used is prob-
ably not required, This hes previously been discuésed (see
Figure 2.).

The condlticns, including the use of acetic acid, as
sumnaerized in Tseble &, and Incorporating a safety factor in
the increase 6? the amount of mercuric sulfate were set up in
rocedure F-Oli,

After performing the analyses of Hxpts. 708, 716 and
726, no further tests of known solutions were rerformed, but
the recovery of 3~hexyne wes always calculated In the distri-

bution experiments, Table 7 shows the success of Procedure
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F«0l,, In fact, when silver salts were present in the agqueous
phase the materisal recovery observed was in excess of the
theoretical 100%. No explanation is known for this, but it
is evident thsat the phenomenonié reproducible as shown by

the low average deviations.

Tgble 7T

Results of Analyses Using Yrocedure F-0l
as Shown in Recovery of 3-Hexyne

§a1ts in Aqueous No. of Recovery of 3-Hexyne, %
oolgatzgnﬁlstri~ ixpta, Mean Aver, Dev,
KI0, " 99 3
AglO4 5 104 2

KNO5, AgHO 10 107 3

3

DETEREINATION OF 1,1,1,L,4,L-ARXAFLUCOROBUTYNE-2,

The recent synthesis of 1,1,l-hexafliuorobubyne-2
and report of its very low reactivity towards bromination
and other reactions (L3) made it of interest to test the
analytical method on this compound, Dr, W, G. Pinnegan of
this Laboratory had prepared some ol the compound in connec-
tion wlth snother investigation and very kindly supplied two
grems of the matéria1,

The hexalluorobutyne was condensed into ampoules
(L)) at dry ice temperature end the ampoules sealed. To pre-

pare & known solution, & 100 ml volumetric flask about l/5



full of caﬁbon tetrachloride was chilled in en ice-salt
mixture.. An smpoule containing 0.,0695 pm of hexafluorobu-
tyne was coolsd to dry lce temperature (where the compound
18‘11qu1d), grasped in a towel to aveid warning, cut open and
88 quickly as poésible dropred into the volumetric flask,
Estimated time the ampoule was open before being lmmersed was
less than five seconds, The solution was allowed to warm to
room tempersbture, dlluted te volume snd ssmpled. The semples
were run by Procedure F-03, Instead of the csleulated 0,377
meq of bromine whiech should have beeﬁ absorbed by each sample,
the analyses indicated the absorntion of 0,006 and 0,004 meq.
The method is therefore useless for determination of hexa~
fluorobutyne, This result was not surprising in consideration

of the unreactivity of the compound.

D. DoTERMINATION OF 3-HEXYNE IN AQUEOUS SOLUTION

Lucas and Presgsman (1) worked with homogeneous sys-
tems conﬁ&ining acetylenic compounds only when the compounds
have & solubilizing group such as the carboxyl group. Thelr
results were satisfactory, except in somé instances where the
additional group avparantly made the compound very sensitive
~to substitution,

In this study it was necessary to determine the con-
centrations of 3-hexyne in the agueous phage of a two phase
distribution system. Considering the difficulties described

for the analysis of carbon tetrachloride solutions, it was
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deemed necessary to check the analysis of known solutions
of 3~hexyne in water eand in 1.00 ¥ aqueous potassium nitrate

sclutioﬁ.

PREPARATION OF KHOWN SOLUTIONS OF 3-HEXYNE IN AQUIOUS MEDIA,
INCLUDING OXYGEN-FQEE GQNDITIONS.

The initial experiments were performed by bresking
an ampoule &t the'bottom of & volumetric flask or bottle,
using a glass rod with a slightly cupped end to hold the
smpoule in place while it was being submerged”, Later this
rod was replaced by an assembly hersafter referred to as thé
"preaker"., It is deseribed in Figure 8. The stem of the
ampoule was inserted through the end of the bresker and A
slipped into the rubber tubing which, together with the wire,
held the ampoule in place at any engle, A4fter lowering to
the desired »nosition, the rubber tubing was gently withdrawn
so as to avoid sny absorption of hexyne on the rubber or wire,
The smpoule was broken by striking the end of the breasker
smartly but lightly with a smell wooden block. In general
the procedure was very satisfactory, but on two or three oc-
casions unusually heavily wslled ampoules reslisted the attack
whereas the volumetrlic flask did not., It is rscommended that
the weight (ineluding stem) of smpoules of 10 to 13 mm bulb

diameter be held below 0.25 g to aveld this difficulby.

%Its apparent specific grsvily was less than one and 1t

floated unless forced beneath the surface,
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Later when 1t became necessary to exclude alr from
the solutions, the simple technique deseribed above wag in-
sufficient, Use was then made of a bottle fitted as shown
in Figure 9., In the bottle, water would be boiled under re-
duced pressure (water asplrator) until the cessation of small
bubble evolution occurred and bumping began, At this poin#
Vvery large bubbles of vépor extending sometimes almost en-
tirely across the boﬁtla would form near the bottom and rise
through the liguid, This behavior was taken as a criterion
of "oxygen-free" conditions, snd within limits of these exper-
iménts was entirely satisfactory. When the~wéter wWas oxXygen-
free, the bottle was disconnected from the aspiratcr‘line
~and comnected to a nitrogen supply. The time interval during
which the water was exposed to the air wes in general less
than 15 seconds and never exceeded lj5 seconds. VWhen first
connected, the niérogen stream was fhﬁ for a few minutes
before the stoprer was firmly seated so as to flush out the
2ir in the neck of the bottle. After the water had cooled
to room temper&turé, the ampogle and breaker wére introduced
through the small stopper Qpehing;”the niﬁrogen being allowed
to flow so as to ?revent thé iﬁtroduction'of air, and the ~
ampoulé broken eas previously described. It was found that
this method did not give satisfactory results, spparently
because the hexyne (8p.G. aboutb 0.,8) floated on tﬁe water or
aqueous solution, and did not dissolve readily. To echieve
complete solution of the hexyné, the apparatus shown in

Figure 10 was set up and the following procedure edopted,
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Procedure 8-0l. Preparation of Xnown Solutions of

3-Hexyne 1in Oxypgen-Free fqueous iAcelic Acid., In the centri-

fuge vottle (see Pig. 10) 50 ml of acetic acid® were placed,
the ampoule introduced and broken under the acetic acid, The
bresker was removed, being wagshed down with acetic acid as it
was withdrewn. The stopper assembly waé put in position with
the separstory funnel stopper in place™ The solution delivery
tube discherge end wag 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 achleved by proper control of the nitro-
gen Tlow snd by introducing the ap%fbpriate amount of sacetic
acid through the separatory funnel,

The procedure proved very sqtisfactory and gave com-
plete solution of ﬁhe hexyne., It waslalso usged onee with
butanone as a solvent., However, the bubtanone interfered with

the starch ilodine end point and made the analysis impossible,

*A11 of the scetic acid used was stored under nitrogen until
used. In & preliminary experiment, the acetic acld was
boiled under reduced pressure without boiling =2id; no small
bubbles were evolved and the liquid bumped; this was teken
to indicate that very little gas was dissolved in the acetie
acid, HNo data could be found concerning the .solubility of
oXygen in acetic acid,

<he

“he stopeock of the funnel was left oven and unlubricated,
since all the lubricents tried dissolved sufficlently in the
acetic acid to cause the cock to stieck, When the acetic
acid was diluted into the water, the lubrlcent then formed

a ‘colloidal suspension. '
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PROCEDURYE FOR ANALYSIS OF AQUEQUSE S50LUTIONS OF 3-HEXTYNE,
PROCEDURE ©-07+

The pnrocedure for snalvsis WwWas essentially that of
Lucas and Pressman (1), but will be described, as modified,

for the sske of comnleteness,

Procedure ©-07. Analysis of flkyne in Agueous So-
lution (%o Silver Ion Present}, Into a 500 ml 8 Erlenmeyer
flask was pipetted an amount of bromide-bromate solution (mole
ratio of bromide/bromete = 5.00) to give an excess of bromine
of 75 to lESgper cent over the amount of slkyne expected in
the sample, The flesk was filtted with & stopcock-stopper,
covered with a black e¢loth, evacusted and the sulfuric acid
addeda, The generation of bvomine'wés allowed to proceed.for
&t least Tive minutes, then the sample (not over 100 ml) was
aedded by sucking into the flask from’an Ebers pipétte. The
sample was washed through with waterb, the catalyst solution
added®, the flask shaken briefly® to mix the contents thor-
oughly, then sllowed to stand 15 minutes, Pobtassium 1odided

was allowed to react 3 to & minutes, and the vacuum was broken,

e flask being refilled with nitrogen rather than eair,

a. By sucking inbto flask through speclal funnel,

b, Oxygen-free, distilled,

e, FPrequently the determinstion was run the whole time on
the shaker, since the sheker had a bullt-in timer,

d, Stabilized with sodium carbonate (39),
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The stopcock-stopner was removed, the flask washed down®,
and the mouth of the. flask promptly covered with a2 rubber
capf. Titration was with sodium thiosulfate soluticn, using
starch solution for indicator. At least 10 seconds of
swirling was allowed between sach of the last few drovns.

The titration box was merely a wooden or cardbosrd
box painted & flat white inside, and of a size to accommodste
a titration stand, A deaylight tungsten lamp was mounted on
the stand above the level of the flasks end the stopcocks of
the burettes. A plece 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 solutionvwés prepared by breaking an ampoule in a
volumetrlic flask filled with 1,00 ¥ sqgueous potassium nitrate
solution. After standing four daysgbanalysis was attempted

under the following conditions:
Total volume during bromination, 140 to 160 u,
tieq of bromine taken, 2,695
Galeculated amount of 3-hexyne content of sampls,
1.072 meq.
sulfuric aeid taken, 15 ml of 6,0 ¥ = 90 meq.

The results are compared in Table 8,

e. Starch solution was frequently added at this point, The
eolutions were so dilute in ilodine that no troubls with co~-
agulation was exverienced, This eliminated the necessity of
uncappling to introduce the starch, which introduced some air
into_the flask. Also, the yellow-color of (presumably) the
Hgl comnlex which nersisted after the end point was reached,
made it difficult to determine when the end point was being
approached,

f. The cap had e gnsll s81it in it, through which the burette
tip could be introduced.



Teble 8

Results of Analysis of 3-Hexyne in 1.00 N

Aqueous Potassium Nitrate. Experiment 262,
Ho Precautions Taken Against Oxygen

Detn, Bromin- H¥mols HNeg Acetiec CC1 Per Cent

Ho. ation  HgSo H,530 Aecid taken Found of

Time taken ; 3-Hexyne
thoura) taken taken® (1) (ml) baleen
1 0.25% 2.0 100 0 0 11.7
2 0.50 2.0 100 0 0 4.7
L. 1,87 2.0 100 0 0 18,5
3 0.25 6.0 118 15 o} 33.6
5 0.25 6,0 118 0 0 3.0
6 0.25 2.0 100 15 0 16,8
1 0.25 2.0 100 0 0 11.7
9 0.25 6.0 118 5 5 25.0
5 0.25 6.0 118 0 0 3.0

2, Including scid from catalyst solution

It may be seen that: Lengthening the bromination
time by a factor of 19.5 inereased the per cent found only
from 11.7 %o 18.5. Adding acetic acid did not significantly
increase the per cent found, although tripling the aﬁount of
 mercuric sulfate approximately doubled that value. The
addition of earbon tetrachloride did not producs any bene-
ficial results,

At this point 1t was mistakenly concluded that ino
sufficient amounts of mercury salts were the cause of low
analysis, and attempts were made to imvrove the situation by

adding more mercury. This led to a number of difficulties
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which will be susmmarized only briefly.

Te increase the smount of mercury salts, salubioné
as concentrated as 2,00 l, mercuric nitrate in 1.1 N nitrie
acid were used. This, plus the lerge amount of potassium nie
trate in the samples and other resgents, pémducad very high
ionie strengths of 2,0 or higher during the titration peried.
This, as 1s well known but frequently not stated, causes the
starch-iodine end point to degenerate from & sharp blue-to-
colorless change to a gradual blue-to-red-brown-to-orange-to
yellow change. The final color was @ esumably due to some
species remaining at the end of the titration, posasibly the
ﬂglﬁncomplax. 3ince the bramidaabramatg and thiosulfate
solutions were ebout 0,004 N, the end points Weée difficult
to reproduce, especially sinee the n@xtﬁta*thevlast ¢olor
metched quite aleéely the reflection -of the incandescent
lights in the room. The use of the titrat;on box as deseribed
above was of great asslstence in overcoming this trouble, and
‘wlth the use of a comparison flésk it was found passibie to
reproduce end points within the limits of the other variables,
Leter work, where the lonic strength wasvlasa, gave end points
which were easler to detect, although not appreciably more
reproduclible.
| Initially, the end points were found to be somewhat
erratic at high ionic strength when the titration was conduc-
ted in the air,leven though oxygen~free solubtions had been used
throughout, It hss been reported (ljly) that the oxidation of

the lodide ion by alr is catalyzed by various heavy metal
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tons. The practice was therefore adopted, as incorporated
in Procedure E-07, of blesding the flask back to atmospheric
vprésaure after the brominstion period with nitrogen rather
than air, and of keeping a rubber cap over the top’of the
flesk during titration. The improvement which this effected
is shown in Table g,

Table 9

Effect on Blank Titrations of Condusting Titrations

under Kitr@ganb

Hean No. of Aver., - Max.

Blank Detn, - Dev, Dev.

(m1) & ' (m1)®  (m1)®
Under Nitrogen «0.87 ly. 0.03 0.07
Under Air = ~1.,00 ' L 0,15 0.19

a. Of 0,005095 N zarazs?b3
b, Ionlc strength estimated s&s 2., or greater.

While attempting to decrease the lonle strength
during the titraéion by diluting the mixture after bromin-
ation, some evidence (Table 10) was found that the reaction
of excess bromine and lodide ion to form iodine was finite

at these congentrations.
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Table 10

Effect of Volume during Titration® upon Blank
for All Aqueous Analysis

Bxpt.  Detn. Total Volume Time& 81

No. No. during Titration (minutes)  (ml)
o {ml)

288 10 250 1 1.97

~ 9 2 1.30

% W 2 1.32

i 3 1.32

2 5 1.32

L00 3 3.11

2 4 10 1.61

7 15 1.34

5 2 1.50

3 5 1.28

1 5 1.38

&, Prom addition of potassium lodide solution to addition
. of starch solution snd beginning of titration,

b. Of 0.005620 N sodium thiosulfate.
¢. Ionic strength estimated as 1.3 (for hOO ml) or

greater,

While the values are somewhat errabtic, it was
adopted as practice and lncorporated in Procedure E~07 to
allow three full minutes for reaction after the addition
of pobaasium inodide solution when the lower concentrations
of bromine were involved, - Whether the apparent time effect
was csuged by the kinetics of the oxidation or merely by the
slowness of mixing of the larger volumes is unknown. It wés
noted that the mixing and/or reactlon of each sdditional

drop of thiosulfate solution required a finite time, so that



at least ten seconds were allowed between each of the last
few drops of the titration,

The stability of an aqueous solution of 3—héxyna
was btested in Experiment 322, the results of whieh appear in
Teble 11.

Teble 11

Stability of Solution of 3-Hexyne in 1.00 N
Aqueous Potassium Nitrate. Expt.322b

Detn., Elapsed® Per Cent Found
NO. Time of Hexyne tseken
(minutes)
1 ) 69.5
2 %3 63,0
T ae
i 128 g545
5 20l 70.3
6 1401 5911
7 1418 60.2
8 2753 57.6
9 2776 61.2

a. From breaking of ampoule under solution.
b, No precautions taken agsasinst OXygen.
The results are somewhat erratic but do show a
definite decrease with time, .
To determine whether the repeated fallure to achleve
100% analysis were caused 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 tetrschloride, then analyzing the extract by the

methods which previously had been shown rsliable. Special



care was taken to aveid losing any hexyne during the prepa-
ration of the solutions by holding the volumetric flasks in
a gpecial rack Inclined at such an angle that any hexyne
riasing to the top when the ampoule was broken rose, not to
an air-water interfece in the neck of the flask, but to a
closed, water-Tilled pert of the flask, While still in the
inclined position, the flask was rotéted.until no liguid

hexyne was visible., The results are indicsted in Table 12.
Table 12
Determination of 3-Hexyne in Aqueou31801utioﬁs

by an Extraction Method.
No precautions taken against oxygen.

Expt.  3Solvent Pervceﬁt Found of Hexyne Taken

No, Mean Aver., HNax. Ho, of
Dev, Dev. Detn's.

336 1.00 W KEOB 75.2 0.6 148 I

318  Water 41.9 .0 749 5

The loss of hexyne was for a time considered as
being due to hydration of the 3-hexyne to 3-hexanone., To
determine whether this compound would be brominated, ampoules
of 3-pentanone (the nearest homolog readily available) were
prepared and a solution of 3-pentanone in carbon tetra-~
chloride prepared., The solution was "analyzed" by the pro-
cedure psed successfully for carbon tetrachloride solutions

of 3~hexyne., Under identicsl conditions, except the amount
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of 3-pentanone in the sample, the following ratios of meq
of bromine taken up per mmol of pentanone were observed:
0.046, 0.60, 0.88, 0.5, 0.066., These values correspond to
0.001l, 0.0037, C.005l., 0.0033, and 0,0020 meq of bromine
absorbed. it 1s seen that the emount of bromine is sasen-
tially constant and apparently a function of conditions™
rather than of the smount of pentsnone. Hence any hexyne
which has been converted to.hex&none would not be detected
in the analysis,

At this paint 1t was noticed that the greatest per
cent losses were experienced in those expsriments wheré the
hexyne concentration was lowest., The'comparison shown in

Teble 13 was made.

-?Dr. H. Lemaire has found ([j6) that it is posaible to
achieve a congiderably higher degree of bromination of

3-pentanone under somewhat different conditions.



Table 13

Comparison of Losszes of 3-Hexyne in
Various Aqueous Sclutions

Lxpt. 3o0lvent
No.

322 1.00 N KNO,
336% 1.00 ¥ Ko,
Ih?  water
348¢  water

Fer Cent
Hexyne

Pound &
70
75
75
L2

Fer Gent
Hexyne
Lost -

30
25
25
58

Caleculated
GConce, of
Hexyne®
meq/ml
0.00299
0.00272
0.00302
0.00129
Mean

Aver, Dev,

Max, Dev.,

a, Within a short time after breskling ampoule.

b, ¥ean value

c. All solution prepared at about 22 to 25°C.
d. Extraction method used for anelyses.

i

i

it

Hexyne
Lost
meq/ml
0.00090
0.00068
0.00075
0,000?S
0.00077
0.000065
8%
0.00013
17%

The agreement of the concentrations of hexyne lost

is pood, considering that two different solvents and two

different methods of determination wers dsed.

in particular,

the two values for solutions in water using the same method

of determination agree very well,

The constancy of the

emount of loss, regsrdless of the amount of hexyne initially

taken, suggested that the hexyne was reacting with some sub-

stance dissolved in the water,

The only likely possibility



is oxygen, although carbon dioxlde is not execluded by this
evidence.

The s0lubility of oxygen in water and in 1,00 ®
agqueous potassium nitrate under alr at atmospheric pressure
is glven by HacArthur (47) as 5.78 and }.61 ml per liter,
respectively. These figures correspond to 0,000258 and

0.000206 mmol/ml, respectively.  This gives a ratio of

0,000258 = 18 o o f o B
(67560757 (0.25) 1.30 moles of oxygen per mole of hexyne
0.000206

lost in water, or (BT00079Y (0. 25) = 1.0l moles per mole in

1.00 ¥ aqueous potassium nitrate. The relstively good agreee
ment here polnts strongly to the concluslion that oxygen is
the material which destroys the hexyne, This limlted eviw
dence 1s not complete proof, nor does it establish whether
2 or 3 atoms of oxygen react with one molécule of hexyne,

The exact nature of the rééction of 3=hexyne with
{(presumably) oxygen in water is unknown, £ ratio of 3 atoms
of oxygen per mole of hexyne may be satisfled by both of the

following equations which are purely speeculstive:

29
GH 4G, CECCH,0H, + Ha0 +3 lof — 20T, CH,CO0H
27
T CHymCH=CHy=CHp-CH-CH 3
00H . . OOH

Thig very interesting problem was not pursusd further,™

*Recent studles in this laboratory to explore {his resction
further faill to show any apprecieble upteke of oxygen by 3=
hexyne in the presence of water. Oxygen is, however, taken
up when mevcury selts and acid are present. It mey be that
the oxygen present did not react with the hexyne until after
the sawmple was in contact with the catalyst solution,



Towever, the apparent effect of oxysen or some other
material led to the sttempt to prepsre golutions under whab
will be called "oxygen-free" conditions., "Oxygen~fres" will
be defined, for the puvrposes of ﬁhié thesls, as meaning that
water was freed of dissolved gases by boiling, then protected
from sll cther gasss excopt nitrogen {and such argon or mﬁher
inert gases as may have been 1in the nitrogen), Table o

shows the results of these abttempts,

Table 1l

Analyses of Preliminary Solutions
Prepared by Oxygen~iree Teschniques

Sxpt. Hethod by which Yo, of Per Cent Found of
HNOW Solution Preptd, Detn's, _ Hexyne Taken

Hean Aver,Dev, MNax.hev,

358  Ampoule under

water I 90,6 0.3 0.6

367  Ampoule under i :
| water 5 5741 11 B
377  Prceedure S-01 Iy 101.3 1.8 3T
382  Procedure S0l 5 97.3 2.6 5.1

The success of Expt. 358 in achieving a recovery of
hexyne of 90,6%, some 15% higher than the best previous value,
was very encouraging, but the mediocfé results of Expt., 367
made 1t evident that an improved method of solutlon prepara-
tion was necessary, As discussed under Preparation of Known
Solutions, Procedure $-01 was evolved and tried. The imme-
diate improvement of results to 97~101% of theoretical is

evident,
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The analyses of Wxpts, 322 through 382 (except for
Expts. 336, 341 and 348, by extraction methods) had been per-
formed under essentially the same conditions, Expariment
Lo6 was therefore undertaken to obtain information concerning
the re@uired,amount of catalyst, The follewing "standard
cb;ditiana" were teken:
Total volume during bromination, 70 ml
Heq bromine taken, 0,0535
lmola mercurie sulfate teken, 5.0
Meq sulfuric acid, including catalyst soclution teken, L2
Meq 3~hexyne in sample, 0.02222, (This was smeller than
améunt of 3=hexyne encountered ip any actual diatria

bution run by a factor of ebout 2.)

These were used for analyses of appréximate1y three
out of four samplesy and the compogﬁion of the solution fol=
lowed o%er a period of gix davs, MNodifications were made for
the analyses of the other samples., Blanks were determined
for varlous smounts of catalyst solution taken, the results
plobted in Fig, 11, snd the desired blank interpolated from
from the resulting straight line, 411 snalyses are shown in
Table 15, Those results obtalned under standsrd conditions
were plotted in Fige 12, The gzero time per cent found of
hexyne teken is extrapolated as 99.8%; the average deviation
of 25 points from tﬁa line fitted by inspection is 243%, the
maximum deviation 5;0%; For "non-standerd" analyses, & pers

cent-found value was interpdlated from Fig.12, and the ratio,



-58a=-

0,001 1 . k = 1
0.0 1.0 2.0 3.0 4.0 5.0

Millimoles of Mercuric Sulfste

Figure 11, BLANKS FOR EXPT. 406,
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TABLE 15
Results of Exveriment 4086 _
Detn. ZElapsed Per Cent Found Mmols R

Ko . Time of Hexyne Taken  HpsSo P
{Hours) g non T intere 4
’ Pen&ition& Stendard polated

1 3’3Q 9(‘:5‘5

2 0.50 G800 -

3 1.10 98,5

4 1.52 88,5

8 Bed2 88,5

o 88 Sl.8 L,.3 ZeD 0,953
10 4,83 D40 95,8 1.5 04288
11 4 467 T9.1 @5.5 0.0 0831
ig 5.08 21.3
14 27«58 78 .4
15 25«97 ' T5.7 70.0 G0 1.085
16 84,88 8.4

17 27.32 80.5
is8 28,28 78,2 74,8 0.5 1,047
is £8.65 ??‘5 74,5 1.0 1.038
24 B .05 V0.1 .
27 31.08 973

28 47 .27 58.5
2 49,85 81,6

30 AERAY 58.5
52 850,40 {30 min} 80,6
36 53,55 5642

37 55,98 60,8

39 54,40 50.8
41 71.18 5).%
42 71.58 5Y.7
43 72.08 54.9

44 95,25 38,9

45 8870 45,0
46 90.18 45,0
47 147.08 38«3
48  147.61 29,3

45 147,82 26 .6

Yotes: 8. From bresking smpoule. b, 5.0 except s noted.
e« R =% found as observed
& Ffound 88 InterpoLated 1ToN Fig
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R, of the observed value to Interpolated value was calcu-
lated., The values of R are plotted against the amount of
catalyst in Flg. 13, For more than 0.5 mmol mercurlc sule
fate, the mean of four values of B is 1.005, with an average
doviation of 0.038., The spparent upward trend of 2 as the
amount ol mercury decreases is considered of doubtful sig-
nificance; it may be partially due to errors in locating the
curve of Flge. 12 by inspectlon. Hote that in all instances
the ratio of moles of mercury to moles of hexyne was 0,5/
0.00555 < 9, or greater, The exact lower limit to which the
amount of mercuric sulfate might be reduced snd still give
good analysis was not determined,

The kinstics of the dlsappearsnce of hexyne were
examined, but no definite conclusions were vossgsible, It
appears to be first order in hexyne through the first Iifvy
hours, It was initleslly believed that the disappearance of
hexyme under these "oxygen-free® condliions was casused by
hydration, bub the results of later e xperimenis where high
purity nitrogen was used, indiceted that the hydration was
extremely slow, It seemg 1likely, therefore, that the slow
disappearance ol hexyne might be due to smell amounts of
oxygen introduced with the less pure nitrogen, unless the
hydrogen long orovided by the acetie acid (but net present
in the distributions) catalyzed the hydration.

In consideration of Expt. L06, Procedure E-07 and
the follo»inv conditions were set up:

¥nown solution prepared by Procedure $-01
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EXPERIMENT 406,
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Total volume du#ing bromination, 165 ml (It was
antlcipated that 100 ml samples would be reguired
during distribution runs.)

kiercuric sulfate taken, 2,5 mmols, (Concentration
of mercury = 0,015 ¥, compared to 0.5/70 = 0.0071 H
in Expt. 406,)

Sulfuric aeld taken, including catalyst solution, L2 meq

Three experiments were then performed using four
different sample siges from the same known Qolution {but
diluting to the specified totel volume during bromination),
end analyzing at least four ssamples of a given size., The
first experiment (No. 1133) gave erratic results for reasons
unkrown, |

The results of the neit two experiments (Wo.'s Lj1
and 1;60) are shown in Fig.t's 1l andle; In Pig, 1 it 1s
evident thet while the énalyées of the two largest sample
_aizes»are reagsonably sccurate and consistent, those for the
two smallest sample slizes are erratic and unacceptable,

The absolute excess of bromine in the latter samples
was somewhet smaller thesn in the former, snd 1% seemed that
this, together with the leow concentrations of hexyne, lowered
the rate of brominetion to an unsatisfactory polnt, In Expt,.
160 the excess of bromine was increased to 100% and the other
conditions held constent. "he results in Fig, 15 and Teble 16.
The points for 20,9l ml samples are not shown in the figure;

as shown 1n the table they give a line of somewhat different
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TABLE 16

Experiment 480

yvees of Enown Selutions of 3-ilexyne in Acueous
tic Aeid Under Oxygen~¢ree Conditions

Points Used HNo. of Per Cent Found Best Line™D? Aver,
Points at Zero Time Dev,.,%
y=mx +B
A1l excepntd 17 100,7 ¥ S 10D, 7-3,83x 0,30
2]6.’»-"{:‘: . h
A1l 10P.3 and 12 100.%7 ¥y = 100,7-5.83x 0,72
530,76
All 10.81 g 101..0 ¥ = 101.0-4.31x 0.86
All 20,94 5 98,4 ¥ = 98.,4-2,70x 1,0
Senmple S-Hexyne contentﬁ Per Cent
Size {meq) Bxcess
{m1} Bronine
108.3 D.5481 46
50..76 Q028921 38
2094 0.1122 124
10,61 0.08691 185
Hotes: a. Fitted by inopection,
be ¥ = per cent found of hexvne teken,
x = time from bresking of anpoule, haurs
B = Per cent found of hexzyne taken 2t zero time.
. Based on Zero time hexyne content.
d. Caleculated Trom weights itaken.



lope. The reason for this is unknown., Table 106 shows

that all gzero time values egree quite well, however,

E. RECOVERY OF PRODUCTS OF BROMINATION OF 3-HEXYNE IN

CARBON TETRACHLORIDE SCLUTION

In an effort to gain some insight into the mechanism
of bromination, the carbon tetrachloride phases of the analw
ysils of seversl experiments were saved, Those Lrom Expts.
708, 716 and 725 were combined, washed with dilute aqueous
sodium thiosulfste to remove the faint iodine color which
had appearsd in them while standing, and dried over caleium
sulfate, The total volume of dried solution was about 1,2
liters, Thls wes distilled through a column in portions of
about 250 ml each at a pressure of 110 mm and & reflux ratio
of 2 to 1. The still pot was kept ih'a water bath which was
maintained at less than [,0° at all times. The distillat
wes collected from 24,8 to 25.4° (110mm; uncorrected). (At
these temperatures the vapor pressure of carvon tetrachloride
is 113 to 118 mm; the solution contalned some acetlc acid.)
The resulting concentrate of about 320 ml was then sgtripped
in a swaller column,using portions of sbout 60 ml each time,
at pressures from 110 to 113 mm with e reflux ratio of 5 to
1, The pot temperature was controlled not to exceed &20. A
final concentrate was produced with s total volume of 7.5 ml,

& Tew drops of the concentrate, after warming for

several mlnutes with aqueous hydrochloric acid, gave no
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precipitete of merecuric sulfide while stending 2& hours with
a solution of aqueous sodium sulfide.

The concentrate appeared to contain more than one
compound, and posslbly three or four, NHone was readily
separated by the crystallization technigques attempted.

One fraction crystallized from the original concenw
trate and recrystallized from hexane with a white so0lid with
a melting point range from 10l to 160°. Another cut produced
by dropping some of the concentrate into 98% ethanol, then
recrystallizing from 98% ethanol, was a soft, snieary white
s01id which melted from 60 to 919, This portion contained
bromine but gave a nagative test‘far iedine and mercury. An
enalysid peve €, 20.38%; H, 0,417, Br, 0.39%. These figures
gshed little light on the nature of the mi:i_ture.

The products of the “brumingtion” process remain
unidentified, snd the reaction acham&s in Section & must be

considered as tentative,

o _SQLUBILITY OF 3=HRAYNG IWIWAfE; AND TN 1.QO N AQUEQUS
POTASSIUM WNITRATE

To be sure that the failure to achieve good analyses
was not caused by working at concentrations greater than the
solubility of 3-hexyne and because it was desireble not te
approach the solubility limit too closely in distribution
experiments, the determination of the solublility was under-
taken,

The procedure was Lo equilibrate the aqueous phase
# By Dr. Adalbert BElek.




by stirring with enough 3~hexyne to provide a visible
seccond phase, allowing the phases to separate, and then
teking semples of the aqueous phase, The results are shown
in Teble 17.
Table 17
S0lubility of 3-Hexyme in Agueous iedla

at Room Temperature (20-25°) and Atmospherie Pressure .

ExXpte Solvent Gas in Solubillity

No. Conta &t meq/ml ~ mol
: with Mean Aver., Ho, of 1liter
Solution Dev., Detn .
_ | ' (mean)
326 1.00 ¥ aq.
K04 Air® 979 Bl ok 0.00245
x 10~4 %10~
{lL.5%)
677 water Hitro- 122 , 3.0 L 6 0.00305
gen x10™  x107
(2.4%)

a. The results here sre considersed reliabls, since the
amountsy of hexyne in the sample were moderately large
compared to the spount of oxygen, Even though some hex-
yne may have begen consumed, the solution remained in
contact with liquid hexyne. The ppoovabllity that the
oxldstion preducts seriously influsenced the solubility
seems slightb,

Y. Semples taken for analyvsis, nost eguilibretions,

The highest concentration of 3«~hexyne in water
solution ever used was 52 x 10“&Amaq/m1 (Expt. L60; some
acetlc scld present in solution), or less than half-saturated,
In 1.00 ¥. aqueous pobassium nitrate solution, the h