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Coordination Complexes of the Mercuric Ion with Cyoslohexene

Unsaturated compounds have the property of forning
a classgs of compounds of relatively low sbability. Thesge
are addition or eoordination compounds and are distinetly
different from the stable compounds formed by addition of
halogens oy hydrohalogens. Coordination complexes of
gilver ion with unsasursted compounds have been gtudied
reeen@ly.il} The reastion of olefing and silver salts
was repid and reversible zo that it was possible to study
it by the distribution methode Silver nitrate was shown
30 form thrsee types of coordination complexzes with sthy-
lene compounds; viz: eombinations of one silver ion with
one unsaturaied compound, two silver ions with one unsatur-
ated compound zand one silver ion with two unsaturated
compounds.

The formabtion of sompounds from mercury salts and
nlefins has bheen very exitensively studied. Hofmann and

(£)

Sand showed that ethylene combined with mercuric
galts in sgueous solutions to yield s compound which they
designated by the formula CEyOH-CHs=lgX, or by a second
formula, Cpla<Hg(OH)X, which represents an intermediste
addition product of a molecule of ethylens and a molecule
of a basic mercuric salt. Ianchot (3) ¢laimed that these

were merely molecular addition compounds and do not cor-

regpond to any structural formulas. Other investigators (4)
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faw

have chown since that de?inite mersury-carbon bonds exist
in thess addition compounds, thus spparently disproving
lienchot's theory of molecular compounds. The possibility
that both complexes of the gilver type and also stable
addition compounds could exist, and that the equilibrium
between these two itypres of compounds explaing the mass

of complicated data does not seenm to have occeurrsd o
investigators hefore.

In this laboralory Luecas andé  berg (%) found that
igohutene hydrated only partially in the presence of mer-
euric nitrate. That ig, the complexed isobhutens would
not hydrate, but could still be determined by analysis.
From this it seemed pogsible that wmercury complexes znalo-
gous to silver complexes are formeds. In this thesis is
reported a research whicl hasg showan that mercuric ion
and ceyclohexene do form a complex analogous to that glven
by silver ion and the eguilibrium constant for its for=~
mation hes been determined.

In the vesearch which formg tihie basis for this report
there has besn no atbtempt Lo isolzle a compound and ana-
lyze it =g done by obher investigators of mersury complexcis,
but the nature of the compound was gtudied chiefly by the
distribution method previously used by other investigators
in this laboratory. (6)

For what follows it will be convenient to mention
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here the notations which asre uged in recording dats and
calculationse. These notations conform with those used
previcusly in the laboratorye.

B = Cyclohexene

{Bt) = Total concentration of cyclobexene in ague-

ous phase in mols per liter.

{B) = Congentration of uncomplexed cyclohexene
in agueous phase in mols per liter.

(B, = Conocentration of eyelohexane in earbon
tetrachloride in mols per liter.

(Hg*) -~ Concentration of Uncomplexed mercuric ion
in ascueous phase in mols per liter.

{Het) S Total concentration of mercury in agueous

. phase in mols per liter.

K, = (B}"/EB) = Distribution ratio of eyelo~
hexane betweern earbon tetrachloride and
1 T potassium nitrate.

{BeHgtt) = Coneentration of ths species BeHgt' in the
agqueous phnge in mols per liter.

(Eg*0H*B?) = Concentration of the species Hg*OHsB™ in
the agueous phase in nmols per liter.

{HKOz) = Conceniration of added azcid in mols per
litora.

(&™) = Concentration of total acid in the aqusous

phage in mols per liter.
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tjﬂm

= {BS) = constant recorded
o L gt l= B

= [(Bt -'%Bi?[K with negligible
e L6 |- Bt}+iBje 0

B0

Experimenial Section and Presentation of Daitse.

Materialge~ In all casesm the inorganice chemiscals

were of the C.P. or Heagent grade. The bromate-~bromide
solution was nmade up by weight and used ass a standard.
The godium thiosnlfate sclubion was prepared aund stand-
ardized a2gainst the bromzfe-bromide solutions. 4 stock
solution of mercuric nitrate was made by dissolving a
weighed amount of reggent grade erystals inm waber, adding
a known amount of nitrie acid Jjusi sufficient o redis-
solve tihe basic salts wiiich had precipitated, and then
making up to volume. This was titrated with standard
potassiuam thioeyanate and then diluted until the ioniec
gtrength of the scolution was Lys

Carbon tetrachloride wag purified by passing in
chlorine, allowing the solution Vo remain in sunligiht for
a tinme, removing the chlorine with sodium hydroxide solu-~
tion, 8rying with caleium chloride and distilling. Hlanks
on the carbon btelrachloride showed thut it neither used
up nor liberated bromine or iodine.

Cyclohexene was prepared by the dehydration of eyclo-
hexanol with sulfurie acid. It was purified by distilling,
drying over sodium at lesst over night, and redistilling

over godium in an atmosphere of nitrogen. Solutions of
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cyelohexene in earbon tstrachloride were nade by weigh-
ing eyelobexene into a volumebtrie flask and £illing the
flask with csrbon tetrachloride to volume. To test for
freedom from psroxides, the eyslohexens or its golution
was ghaken with agid-potaseium iodide~stareh solutione

Anslysis for Oycloliexene.~ The analysis of the

eyclohexene was ¢arrisd out by brominstion with standard
bromate-bromide solutions +the technigue previously ds-
secrived (7) for eyclohexene was slightly modified. Bro-
mate~bromide solution was pub in a titration flask and the
flask evacuated. 5 ml. of 6 N sulfuriec seid were zdded
and the flagk wag allowed to stand five minutes or nore
for the liberation of bromine. The flask was wrapped in
black cloth %o lower the amount of bromine substitution
gatalyzed by light. In the analysle of the carbon teira-
chloride phase 5 ml. of mercuric nitrate solution were
added %o the flask. Hone wgs added to the water phase,

go that condifions would he comparable for the analysis

of each phase. The sample wag run in and the f£lask shaken
for one minutes. 10 mle of 2 ¥ godium ehloride solution
were added %o break a mercury-bromine complex. Shiaking was coaiaed for
Five mindtes, aftey which Fime.joml. of 2N patessium jadide solution were added and shaking

wag continued for one or two minutes. The vacuum was
broken and the contents of the flask were titrated with
sodium thiosulfate solution to the starch-iodine end
point. Five minutes or more were found neeesgsary for

the liberation of bromine. It im thought that mercury



inhibited the liberation of bromine, thus giving rise fo
thig time reguirement. Shaking was necesssgary after ad-~
ding the sodium ¢hloride and before adding potasslium
iodide becsuse hromination was not completed with the
mercury-bromine complex unbroken. The exeess of bromate~
bronide could be varied from fifteen to sixty five per
cent without inbtroducing an error greater thant Q.9 per
cent in the analysis of cyclohexene. Varying the time
of shaking after adding sodium chloride solution from
five %o elever minutes msade only +0.1 per cent srror
{twenty per cent excess bromabe-bromide was used).

The amount of sodium chloride had to be sufficient to
form a chloride with all the mersury present.

The Distribution Methode~ "The procedure consishs

in distributing the organic compound [syelohexeng] be=-
tween carbon tetrachloride and 1 ¥ potassium nitrate, and
then combining the reaulting distribution ratio with the
other data obtalned by distributing the same unsaburaied
compound [eyelohexene| between carbon tetrachlorides.." (1)
and a solubtion, whose total ionie strength is 5#, of
‘mercuric nitrate, nitric acid and potassium nitrate. The
data needed are the concentrations of syclohexene in
the two phases, the concentration of the mercuric salt,
and of the nitric acid in the aqueous phssce.

The proeedure followed for the distributions of oy~
alohexene between carbon tetrachloride and the mercuric
nitrate solution was egsentially the same =g that used

in the silver work.{l) It was found that shaking the
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mixture with air caused the cyclohexene to absorb oxy-
gen, which resulted in errors in the analysise. The re-
turning of the blue starceh-~iodine eolor in the titration
solution was consgidered =s an indicnition that peroxide
wag present. In several cases the coior would return
almost as fast as sodium thiosulfate could be added in
a titration. This difficulty was overceone by replacing
the atmosphere of 2ir above the solubtions by an atmosphere
of nitrogen. Shaking the flasks in the thermostat proved
irregular and inconvenient, 80 mercury sealed stirrers
were used for thé mizing of the two phasesg, thus giving
more uniform and thoroush agitatione. The mechanieal
gtirring made duplication of resulis possible for the
game stirring times. A two neck flask was used for
distributions. Phrough one was placed the mecbaniesal
gtirrer and in the other was ingerted a two hols rubber
stopper. Through one hole in the stopper was a tube with
2 two way stopeock, and through the second hole was =
plece of glass tubing of ten mme inside diameter over
the outside end of which was a piece of rubber tube
fitted with a screw elamp. See Figure 1l. |
Carbon tetrachloride and mercuric nitrate solution
were put in the flask and the whole ring stand with the
flask, stirrer, and motor was put into the water ther-
mostat whieh was kept at 259+0.03°. The air above the
liguids in the flask was displaced by nitrogen. After

allowing the contents of the flask to come to the ten~
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peratures of the thermositat the eyclohexene was added

in the form of & eertain volume of concentrated soluticn
in earbon tetrachloride. It was added through the largs
tube in the rubber stopper while nitrogen was flowing
through to prevent the possibilify of any air sabering.
The eontents of the flask were stirred for a certzin time
and then allowed to stend until the phases separated guite
clearlye.

Sampling was done in the following manner: A small
smount of nitrogen was zsllowed to flow through the stop-
eock ocut the open tubes« As the serew clamp was opened
the stopeock was turned so that nitrogen was flowing
into the flask. A gampling pipet (Figure 2]} was inser-
ted through the large tube and into the phase to be sampled.
A ring of rubber tubing on the pipet was pushed against
the tubing on the stopper to prevent the escape of nitro-
gene This forced the liguid up into the pipet. When
it was filled the stopcock on the pipet was turned and the
pipet removed. The tip of the pilpet was stbached to the
evaguated titration flask and the contents washed into
the flask with carbon tetrachloride or water, depending
apon the phage of the sample takens The ssmple wag foreed
up into tube 4 and the wash liguid put in funnel B. The
pipet wasg calibrated to conbtain, up to the stopeocka.

Before digtributions were wmade a small amount of
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eyelohexene was dissolved in mercarie nitrate solution
and samples of this sclution were analysed over a period
of severzl hours. The concentration of eyelohexene re~
mained constant, whiceh siowed that there was no hydra-
tion in the presence of mercuric ion. It was possible
however that hydration of eyclohexene was taking place,
but the eyclohexanol formed might use up the same amount
of bromine as cyelohexens. C(yclohexanol was purified
by washing with sodium hydroxide solution to remove phenol,
washing with water, washing with dilute hydrocehloric
acid, drying with potassium earbonate and distilling.
The purified eyclohexanol was taken as the constant boil-
ing fraction at 159° (161.5° corrected) M.P. 22°C.
This purified syclohexancl was dissolved in carbon tetra=-
chloride and it used no bromine. A water solution of cy-
clohexanol also used no bromine. ‘

In order for the distribution method to be walid
1% was necessary that none of the mereury appesred in the
-¢carbon tetrachloride phase. To test this 50 ml. of
carbon tetraehloride phase were evaporated just to dry-
ness in a small evaporating dish over a very low flames
Une mle of 6 H nitric acid was washed around and warmed
in the dish to take up any residue which may have re=-
meined (none was visible). This solution was diluted
with 1 mle. of water and divided into two parts whieh
were placed in two test tubese One ml. of a2 saturated
solution of hydrogen sulfide in water was added to each

of the tubes. There was a very slight darkening show-
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ing the posgibility of wmercury. Xnown soltuions of mer-
cury were tested to see the extent of darkenling under
similar circumstances. With 0400024 milliequivalents of
mercuric nitrate in one mle. of 3 N nitric acid the hy-
drogen sulfide solubtion gave a very gimilar darkening.
Any larger amounts of mercury gave darker colors and
precipitates. From this it was concluded that there is
less than 0.00001 millieguivalents of mercury per mle.
in the carbon tetrachloride. This small amount could be
from dissolved watér in the carbon tetrachloride, bub
for purposes of the egquilibrium measurements there was
a negligible quantity of mereury in the carbon tetra-
ehloride phasea

Digtributions at Low Acid Concentration oyar

Zxtended reriods of Time.~ In a 500 mle two neck flask
100 mle of 0L1907 Fea mercuric nitrste sclubtion and 300

mle of carbon tetrachloride solution 0.0492 formal in
cyclohexene were stirred for 28 minutes. The phases

were allowed to separate for 32 minutes and two samples

of each phase were taken and analysed. Affer the saumples
were taken the solutions were stirred again for 5 mine-

utes, allowed %o settle asnd two more samples of each phase
analysed. This was continued until there were no more
solutions remaining in the flask. There were several things
noted about this set of data. The coneentration of e¢yeclo-
hexene was decsreasing in the water plhiage and inereasing

in the carbon tetrachloride phase, whieh siould not be
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$he case unless an eguilibriun had hesn reachad and a
raaction was procesding, bhecause all the cyclohaxene was
initially in the carhon soiraehloride. 4lso the constants
galeulated were decreasing with time. {Pable I and Plot l.)
Several rung were made varying the time of stirring.

The time recordsd was Sthat from the start unitil tle stire
rer wag stopped before each sample wos tz2ken. Thisg inclu-
ded the bime allowed for Hlhe geparation of phases neceg-
gary for the absirzceiilon of all preccding samplese. The
times were recorded thus, bhecause if there were a reac-
tion proczeding in the water phase, it would continue
while there was no agitation, but no distribution would
take place. HFurthermore, redistribution would be per-
mitted by bthe subsequent siirring. One run was made with
gtirring for only five minutes at the start, bul equili-
briam app&rently had not been reached, because the ccon=~
giant was low {11.25), and on further stirring (five min-
autes, after six or seven minutes sbtanding) the cyclonexene
went from the esrbon teirachloride into the water phase
giving higher constants (25.05, then 4848, 61.0 and finally
63e3) e Twenty minutes of stirring was taken to be aboub
the nmininum tiwme for eguilibriuvm to be established. nga
eral determinsitions, indiested by,p/in Table I and in |
Plot 1, were made in smaller flasks with only one analysis
per f£lask, thus eliminafing errors due to time of stan~-

ding without stirring.



Table I
Time Change of K/Kp at 25° wWith (Hgt) * 0.1907 F
(HﬁQg? Z 0.0980 F 4= 1

f 'Cone 'n. of Cyclohexene in ' T
Q; Time . 'CC1s _ (B)a  Ho0(B%) ! K/Ko '
4 L Y ¥
' 25 min.' 0.0161 '  0.1038 ' 74 o4 '
- : ™ T (] 1
o' 1 hr. 16 min.' 0.0161 ' 00,1088 7247 '
= 4 ¥ ¥ !
' 2 hre 30 min.' 040166 ' 041010 ! 680 '
' - L 3 ¥ Y
' 3 hr. 33 mine' 00169 ' 0,1005 6640 v
S T Y 7 '
' 20 mine' 0,0159 ' 0,1033 ' 74,5 '
] 1 \ 1 1
' 56 mine' 0.01L58 ' 0,1028 ! 7440 '
t ¥ ¥ ) 1 3
g'.lbre 40 min,' 0,0161 ' 0.1017 7140 '
¥ ¥ T 1
' 2 hre 24 mine'' 0,0165 '  0.1008 ! 670 '
Ty ) | M 2 LA [} T
113 hr, 06 mine' 0.0173 ' 0.,1004 ' 6447 '
i L T 1 1
' 4 he, 'o0,0L72 ' 0.0974 ! 6047 '
L 1 i 3 T 3 [ t
' 5 hr. ' 0.0175 ' 0.0971L ! 59 o3 '
1 1 3 ¥ H 1
At g hr, 25 mine' 0.0178 ' 0,0962 ! 57,8 '
' 12 L ¥ ‘ ¥
111 hr, 45 mine' 0,018L ' 0.0961 ! 5642 '
7 ) k| 1 ¥ t
V15 hre BO mine! 0,0183 ' 0,0960 ! 5544 '
¥ ) ¥ ¥ ¥
Fg hre. ' 0.0184 ' 0.0987 * 5844 '
¥ ¥ 3 ¥ ¥
}{;15 hr, ' 0,0192 ' 0.0977 ' 54 07 :

- H ¥ ¥
£120 hr. ' 0.0194 ' 0,0965 ' 5344 !
T ¥ : ¥ ¥
S124 nr, ' 0.0188 ' 0.0966 ! 54 46 '
S ] ki F | { ? 1
£1 1 np, ' 0.,0163 ' 0,1032 ' 7245 '
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As a result of these figures it was thought that
ecyelohexene formed a complex guifte rspidly with mercurie
ions This reaction takes place in the first tweniy mine-
utes of stirring. AV the same time and later there is a
gsecondary reaction whicu is mueh slower, as indicated
by the decreass in the vgiue of the constants The rsace-
tion probably is not reversible. The trend of the concens
trations of eyclohexene in the water puase from 0.1083
mol per liter to (.0960 mol per liter and the trend of
econcentrations in carbon tetrachloride from 040161 nol
per liter to 0.0183 mol per liter indicate apparently
that the consontrations are approaching values wiich would
result from a stable coupound of two mercury ione with
one molecule of eyclchexene; namely 0.0933 moi per liter
in the water phase and 0.0174 mcl per liter in Gue earbon
tetrachloride phase.

Further Stady of tne Secondary Reactions- Compounds

formed between olefing and nercuric acetate in alconol
solution ean be bitrated with potassium thioccyanate.(%e)
Zaeh mercury compound of this type reacts with one eguie-
valent of thioccyanate instead of with twos as mercuric
ion deoes. Fitn this in mind a sample of Lhe water phase
of one of the disiributions wag titrated wiith pobassium
tnlocyanate. <There was a lower amount of mercurie ion
ghown by titration than was present at the gtart of

the distribution.
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The following experiment was undertaken to follow
the conaeentration of mercury in the presence of cyclo=
hexene over a period of timee Two mle of syclohexene
were dlgssolved in 100 mle. of 0.286 formal mercuric nitrate.
solution. (The oyclohexene dissolved completely and
gave a clear solution.) The air above the liquid was
digplaced with nitrogen and the flask was shaken vigo=-
ously for several seconds. 10 ml. samples wers withe
drawn from time to time und titrated with potassium thio=-

cyanate golutions The results are shown in Tables Il.

Table II

Time Effect of Cyclobexene on Apparent Mercurie Ion Con-

caniration
v T CYN (87"
Time "' mle Of 041090 H ' apparent ' Corrected for Ha¥
¥ KSCH used per v (Hg+t) Y {hgt¥]) (rig*}) ¢!
' 10 ml. sample . ¥ '
4 ¥ t  §
0 min. ' 52 o417 0.286  * U.286 T 0.000 @'

B k L T
7 mine. ! 5086 . «2775 ' .2690 ' .00885 :

¥ ) 1 ¥
35 min.;; 48439 * 22640 ' W2420 ' L0230 :

: 3 ¥ ¥
1l hre 32 nine ! 45438 ' A2 . « 2076 ! 0396 :
. 5 Y Rl Y R
3 hre 15 min. ! 42+3L " «2305 ' L1760 ' L0655 !
) 1 T ¥ ¥ ¥
4 hre 47 mine. ! 4089 i #2230 v 1600 ' L0830 °
3 . ¥ L 1 3
11 hre 10 mine ' 37229 ' L2033 ' L1206 ' L,0827
; N ] ¥ R I ;
13 hre 20 mine. ' 37 05 ! «2020 ' L1180 ' L0840 !
A i E 4 ) ¥ ¥ k3
& T T ¥ t
¥

(a) These are for titration of mereurie nitrate solution

. without eyclchexene and have not been corrested for
volume of added cyclohexens. Corrected values would
be 5l.44 ml. and 0.2304 mol per liter.

(b) Assuming Hg*t only reacts with thioecyanatee.

(o) Hg = 0.286 minug subsequent values.

4
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The mixture of cycelohexene ln mercuric nitrate
solubtion had a very foul odor and caused headachés.

There was no odor of cyclohexens. When this wasg titrae~
ted with poltassium thioeyanats the sweet odor of eyelo-~
hexene daveloped. In the last few samples when drops of
potassium thiocyanate were added, there was a dark pre-
cipitate formed whiceh bhecame lighter as the titration was
continueds The last titration mixture remained dark and
the end point wae very difficult to see.

A sinilar experiment was performed with 0.1232 mol
per liter of cyclohexene in 0.286 formal mercurie nitrate.
In this case the samples were taken and analysed for
eyclohegens by bromination. There wasg an apparent ine-
erease in cyclohexene concentration which is unexplain~
able. The samples asnalysed for mercury at the same time
sheweﬁ the tendency of mercury to decrease as before.

The last titration mixbture gave no definite end pointe.
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Table II1

Time HLffect on Apparent Concentrations of Cyslohexene and
Mercuric Ion in Water Solution at 25%

Time ¥ Apparent Cone'n. Y Apparent Cone'n. !

H ¥ 3 . T

. of G6H10 . of Eg(k@z)g .

¥ k I 3

0 mine ! 0.1232% d 0.2865' 1

k4 k3 ; 3

M Iﬂinn ! 001336 ' 0:2684 1

¥ ¥ ] k3

l bre 31 mine. ? D.1228 1 02700 :
.

3 hre t 041278 y Oed97 2

¥ L 3 k

4 hre 3 nine ? Q1330 1 05330 :

i i 3 k 3

9 hre 17 Hiinq ¥ 0« 1830 M 0.8246 :
v T

16 hre 50 mine ! 0.1788 ' 02537 '

i 4

* & weighed amount of eyelohexene was dissolved in the

solution to give this value.

# This value not corrected for volume of added cyclo-
hexene .

The apparent increase of cyelohexene and the ap=-
parent decrease of mereuric nitreote indicated more con-
elusively that a more complicated reactlon of mercurie
ion and cyclohexene was taking place. This secondary
reaction had very little similarity to the silver co=-
ordination complexes with unsaturated compounds. Because
the primary reaction, which was apparehtly quite rapid,
wag like that of silver ion, and because the original
purpose of this research was to study the similarities
of mercuric ion complexes to the silver ion complexes,
attention was focused on the primary reastion, which
could be gtudied even though there were a secondary

reactione
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Complex Formmtion Between Mercuric Ion and Cyclo-

hexene.~ The salculated constants K/Kg at the shorter
times Wefe congidered to be due almost entirely to the
primary reaction. These constants were used to gtudy

the reaction and weré obtained in the following manner.
Three distributions were made for each concentration with
atirring one half hour, one hour, and one and one half
hours respectivelye. The constants K/Ky calculated for
these three runs were exirapolated to zero times The
caloulated eonstanta were not the same for different
concentrations of mercuric nitrate. The more dilute
golutions of mercuric niirate were.yfepared by diluting
the stoeck solution with 1 N potassium nitrate to keep the
ionic gtrength at ;u. In this way the acid was also
being diluted and the effect might have been due to acid
concentrations. 4 series of determinations was made at
one concentration of mercuriec nitrate bubt with different
acid céneantratinﬁs. The caleulated constant changed

as shown in Table IV. At the higher acid consentrations
there was no drift of the constant with time of stirriag,
but at the lower acid concentrations the drift was the

game a8 indieatsd in Plot 1, a docrease with Ltime.
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From thig i¥ was sesen luai acid affected the constant,
so pid readings were made with a Begkmaan pi meter Lo see
if hydrogen ion was formed wicn eyslohexene was dissolved
in mercurié nitrate. Readings were Laken on a mersuric
nitrate solution, then the solution was sstursted with
oyclohexene and readings again taken. Table V shows
theso readings.

Table ¥V

Change of pll of Mercuric Jitrate Solutions Jhen Cyclo-
hexene was idded.

Jr——

L 4 k4
pH of Mercurie ' pH Immediantely after' pi after !
Nitrate Solution: Addition of CyHyg : Aporoxs 3 haurs:
‘ T ¥ T
2458 ¥ 1.16 ’ 1.04 '
¥ ¥ E3
130 : 1.07 ’ 0«77 *
1 B k2
1.19 ' 0492 ' 0.77 {8)

R ]

{a) Two hours for this value.

From this it wes evident that hydrogen ion was formed.,
In order to make calculations of this effect it was neces-
gary to know the exsct coneentrations in the mercuric
nitrate solutions. 7The acid in the stoek solution of
mereuric nitrate was deftermined by precipitating the ner~
cury with hydrogen sulfide, filtering and washing the
precipitate, boiling the filtrate and washings to remove
the exeess hydrogen sulfide, and titrating the total aecid
with standard sodium hydroxide. 3Since ine conceantration
of mercuric nitrate was knowan, the amount of added aéid.
which was the sum of the amount actually added and that

originally in the mercurie nitrate, could be caleulaied.



Table IV also includes resulis from varying the eoncen-

trationg of mercurie nitrate, cyeclcochexene and =c¢ide

Digouasion of the Data

Treatment T.- Since acid eoncentration hass such a

large effect on E/K; and since it has been shown that
dissolving eyclohexene in mercurie npitrste solution 1li-

berates wecid, eccustion I suggests itself for the reaction

Hg* '+ B + H,O0 -23938-3»03*+-ﬁ* | (1)
taking place when cyclohexene and mercuric ion form &
complexs The equilibrium ccnstant for the reaction re-
presentad by equabtion I ig given iu equation IIl.
(Hg-BeoR*) (H*)

(tig**) (B)

If we define K, as K3 /K; then K is given by equation

{1I)

ITI if equation I represents the true state of affairs.

Ko = Ky fKp = %D(H“‘} 1)
(£ ) in this treatment is given by equation IV. This
treatment seems to fit the data gquite gsatisfactorily.

(H™) = (HNO,) + (BT) (1V)
The values for K, given by equations III and IV are

listed in Table VIi.



Values of X
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Table VI

Q

(HgE) ' (Blg '@ (Bt) ' K/
1 ¥ ¥

K, Y (HRO5) Y (H) = (BE)+(H

D, HE 05

¥

Obtained by Using Equation I

Lguation iV

O3] K o/ K, (T

T

T
: . 1R ) > L7 !
020984 70,0135 '0.05658'130- '0,0490° 01048 ; % ¢
H ¥ 1 T T ¥ ¥
20954 L0153 ' +0B29' BH.6' .0963' «1492 ! 12.8 d
3 | | ; 1 L 1 $
<0954 L0209 ' .0449' 42.4' 2740 « 3189 ' 135 ’
T ¥ A ; 1 ¥ 1 t
#0954 L00805' 0256' 45.5' .2740° 2996 : 155 :
1 Ll ¥ T T ¥ ¥
«09847 .00304' 0137' 45.9' .2740° « 877 4 130 '
i ¥ Li 1 L 2 ¥
#0954 L0252 ' ,0376' 25.7' <5490 «5866 ! 15.1 .
L} i ¥ ¥ ] ) ¥ L
«1907" L0158 ' L1040' 76.0' ,0980° 2020 ¢ 1544 ¢
T 1 1 E ] 1 ) ¥
#1907 4O01001' +0B06' 468' ,2756" 3562 ! 1547 v %
L} ¥ 1 ¥ ¥ ¥ i 4
«0477" L0320 ' LO271L' 41.2'" L2731° 3002 ‘ 1Ze4 t
. ki ) ¥ L T ¥ T : 1
lean=13.7

ifean Deviationd l.2

These values vary from 1le5 to 15.7, bthe mean being 18.7

and the mean deviation being I l.2.

Traatment Il.-

When silver nitrate forms complexes

with cyclohexene there is no acid liberateda. (1) Even

though mercury salts like to hydrolyze, it seems probable
that there is a complex formed similasr to the silver

eyoclohexene complex and vepresented by eguation V.

14
7 ettt 2
B+hg+*ﬁ¢_>3hg (V)
With the assumption of two complexes the dataare bhetter
correlated than by treatment I (Table VI). Assuning

both reactions represented by equabtions I and V and
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defining Ké & is——'depen&a on hydrogen ion coneentras
tion as shown by eguatlon Vie

Using the series of runs with (Hgt) 3 0.0984 a firsd
approximation to Ké wae obtained by plotting K/Kg againet
‘%§¢) using corrected (iY) from Teble VI. The first ap=
proximation was five. Then this value of K} was used
$o obtain a better approximation to the hydrogen ion
conseniration with the relation shown in equation VII.

(%) = (1v‘f05)+(m)><(‘% {(ViI)
K/K; against the better corrested (H') is shown in Flot
2¢ The wvalue of Ké from this plot is the game ag the
first approximation. Table VII gshows the constancy in
K, obtained by using X ® 5 in connection with eguations
VI and Vii,
Table VII

Values of XK, Obtained by Treatment II for Rans With
(Hgt) = 00954

(Egt) « (B), (Bt) ' K/Kpt (HNOx), gt . Ko ®
- e i (K/K35) (i)

1
: J ; wBauatlon VIL '
' ¢ “HlR ' /0.9
9.0954 10,0185 ,0,0558 '$36- 1 0,0490 , 041023 1 e
' ) 1 : r
0954 1 LOLB3 , .0529 ' 85461 40963, 1461 : 11.8
T " i 1 . -
20954 1 0209 , ,0449 ' 42.41 <2740, ,3136 R 11.7
3 ' ] v T
«0954 1+ ,00805, 0256 1‘45.5: 2740, 2968 ' 11.9
H ' . 3 : e
20954 ; 00304, 0137 &0.91 «B740, .2862 1 117
¥ 1 ]
(0954 1 0252 | L0876 ' 25,71 54901 .5793 r 11.8
v o

tean Lleo

Meam Deviation * 0.3
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Thus at constant mercuric nitrate concentration, treat-’
ment of the data assuning two kinds of complexes handles
very well the effect of acid concentration. The low
value of K, for the first run in Table VII could be ex-
plained in this manner. It had a relatively low iniftial
acid congentration which might not have been exactly
right due %o the fact that mercurie nitrate may Lydrolyse
slightly to form more acid. A higher value for the cor-
rected acid coneentration would give a value of Ko nearer
to that of the other runs.

With Kf = 5, similar eslculations of K, for other
concentrations of mercuric nitrate diselose a trend in
K, with concentration of mercuric ion, as shown in Table
VIII.

Table VIII
Variation of X  Obtained by Treatment II With (Bgt)

Kn = (K/Kg"s) (}-1) .

4
(tigt) 5
.

00477 : 1046
LT ¥ Tiste
]

L1507 7 e
1

(a) Average of values in Table VII.

(b) Average of two values 13,8 and 13.6.

If it is assumed that mercuric nitrate has a different
galt effect than potassium nitrate and nitric zcid these

results are logieal.
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Thers are several reasons why treatment II is better
than treatment I. In treatment I the Ko varies with both
acid concentration snd mereuric nitrate concentration,
while in treatment II K, varies only with mereuric ni-
trate concentration. It gseems right to agssume that treate
ment II is correct because the drift of K, with mercuric
nitrate conceuntration is similar %o the arift of the cone
gtant for the silver-cyeclohexene eomplex.;l) Also there
is the gimilarity of the reaction, shown by equation V
in tregtment II to the reacltion of silver nitrate with
ogﬁlbhexene»

One could argue that the differences in salt effects
of nitrioc acid, potassium nitrate snd merceurie nitrate
would cause the variations of Ko found by trectment L.
However, Lucasg znd Eberz (8) found that potassium nitrzte
hag the same salt effect as nitrie acid uwpon isobutene.
It meems logieal that this would also be¢ true with other
olefins spnceh ag eyoclobexenes This ecuaslity of salt effect
ig indicated in treatment II by the constancy of £y at a
congtant mercuric nitralte concentrastion. XYobassium ni-
trate and nitric seid must have equal salt effecta if
K, remains constant with variation in nitris acid at

agonabant nmerouriec nitrate concenbrations
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SQuary

Coordination complexss of the mereuric ion with
gayclohexene have been studied chiefly by the distribue
tion of ceyclohexens between carbon tetrachloride and
solutions, at ionie strength of lu, containing mercurie
nitrate, nitrie acid and potassium nitrate.

fvidence hag been presented for assuming there are
complex ions of two types, Viz., Hg*B*OH', formed aceord-
ing to the eguation Hg*'+B+H,0 =2HgeBeOH" + H', and
BeHgtt, formed according to tiie equation
Hg**+B-;:3}3'Hg*+¢

Bguilibrium congtants have been caleulated for the
formation of these complexes.

Two methods of treating results have been considered
and the guperiority of one meihod hag been demonstrated
on the bagis of the probable validity of the resulis
which it affords.

Experimental data, from which 1t was deduced that
a slow secondary reaction was proeeeding goneurrently

with the other two, were obtained.
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