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The Association of Silver Ion with Ci s and 'l'rans Isomers . 

Introduction 

The c ompounds o:f low stability which etb.ylen ic linkages form 

by uaddition1
,
1 or "coordination" are distinctly di..:.f'erent i:n type 

from the stable add ition c ompounds produced by their; reaction with. ,.n 

the usual r eagents such a s the halogens . Such coordination com-

pounds have been described pr eviously, f'or exaxnple, the com .. 

1 lt ~, h ., b • t l - • +' l • d l p ex sa . e o:r yc.rocar ··ons w i :t al.u.::n:i.num and ierr ic c 1lor1 es , 

t he loose a dd ition c ompounds of olefins with h,ydrogen bromi de , or the 
0 ~ 

t ype C2F.c4 . HBr"', wit.h zinc chloride , of t he type c 5H10 . zncl 2,0
, 

and t h e addition co,.upounds of aromatic hydroc arbons vii. th nitro com­

- 4 pounds. 

5 Winstein and Lucas have given a discussion of other l oose chemi-

cal compounds formed by the <e)reft~i@ double bond and in this same 

article re; ort on various studies on the coordination of silver 

ion with unsaturated c ,_;.i:r1p ounds, in an effort to understand bett er 

the nature of the bond in these olefin- metal complexes . Their 

work was a continuation of tha t of EbefZ.'> Welge , Yost and Lucas8 • 

By means of distritution m.ea.sureme-nts, in a mEthod desc r·ibed 

below, a study was made of the coordination compl exes \\Jhic11 silver 

ion fo r ms vaith (a) the :mono6lef'ins trimethylethylene, 2- pentene , 

1- hExene , cyc l ohexene and propen_ylbenzene; (b) the diolefins dimethyl­

bu.tadiene and biallyl; (c) the u.."lsaturated oxygenated c ompounds 

allyl alcohol , crotyl a l cohol, crotonaldehyde, crotonic acid and phenol 

Complex ions of thrfte diff'erent t ypes were obser ved, viz., combina­

tions of one silver ion with one unsaturated molecule, two silver 



ions with one unsaturated molecule and one silver ion wl th two 

unsa turated molecules . Equilibrium ro nsta:nts were obtained 

:for ti1e reactions of' silver ion with all these compounds at 

25 degrees , and with trimethylethylene, cyclohexene and phenol 

at O degrees. F'or trim-ethylethylene and cyclohexene it wa s 

found that A H = 6.o kcal . It was shown also, by shaking 

portions of given mixtures of' the 2-butenes with aqueous UI 

silver nitrate, Jhversion of the treated and untreated samples 
.I\ 

into the dibrornobutanes and studying the second order reaction 

rate constants, ka, for the reaction of potassium iodide with the 

dibromides6 , that neither cis-2-butene nor trans-2-butene iso-

merizes in the presence of silver ion. 'fhis i mportant proof· is 

used in the development of the present work. 

In addition, it has been shovrn thctt no detectable arnount of 

silver enters the carbon tetrachloride phase . 

as 

Such a reaction 

••••• (2) 

does not occur, for a solution of lM silver nitrate gives a 

pH of 5.3 bE:f'ore and af'ter sat1.1ration with isoLutene. A hydrated 

complex has, however , been shown to exist in the case of mercury 
10 and cyclohexene • 

In aqueous s elution the following ions failed to :form c vmplexes 

Cd,+-+ .· C . ++ C +++ . c· ++ '"" "+++ 1','".l. ++ Pb++ 'r'l+ . ,, . o , r , u , .i! e , J.~ , , , 

T:fte inability of t hese ions to form c ompl E. xes wi t.h ethylenic 

compounds, these authors suggested, may be due to the greater 

strength of their water-coordination bond over their olefin-coordi­

nation bond since, 'll'ihen the complex is formed, the reaction is 
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probably the r epl acement of' a c oordinat ed water molec ule 1:>y the 

ethylene molecule , as shown below. The si lver ion in water 

appar ently has t vvo water molecules e oordinated w:i. t h it: ... 7 

(1) 

These aut hors pr oposed a structure for t he ethylenic s ilver 

ion c ompl ex, a ccording to which the ethy lenic cvmpound can occupy 

one of the t wo c oordinat · on positions o:f s ilver by acting as t he 

donor of' an electron pair. A covalence joins t he silver a tom to 

one of' the carbon a t oms, and a positive charge appears on the othe1•. 

Resonance involving two such bonded f'orms , an unbonded fo r m, and 

a l so possibly the tr.iree membered carbon-carb on- silver :ring is 

believed to acc ount for the stability .of: t h e c ompl ex . 

' c - c :::: ,,, I 
+ i\.g 

' c ... c,,,, 
,,, I ' + Ag 

The resonance energy~ , about l'O 'kca l., is ·e•nough greater than 

t e strain energy , pr obably 3 to 4 kca l . 5 , to lead to an e.x..c)ecta-

tion of moder~te stabilit y . Formation of a hybrid struc ture made 

up of c ontributions from t b.ese :four i.' •r ms need not necessarily go 

t hrough an intermediate con tainir~ an activa ted double bond. 

In the e ,1se of t wo c mp0unds , biallyl and dic yclop entadie:ne, 

s olid silver c omplexes were obtained. 

Using a co mbination of' the symbo l s of' the ab ove authors and 

those of Eberz, Welge , Yost and Lucas8 , t he distribution method 
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may be described with the aid o:f t he fo llowing notation: 

B ::.: unsaturated substance 

( Bt) - total eoncentr· tion 0 1· unsaturated substance in 

aqueoi.;l.s phase in mol es per litre. 

( B) = uncowp lexed unsaturated mat erial in aqueous phase 

in mo l es per litre. · 

( BAg) concentration of species + in phase, = (B.Ag) aqueous 

in moles per litre . 

+ ro ncentra.tion of free ( Ag ) = silver ion in aqueous phase 

in moles per litr•e . 

(Agt) = total silver m neentrati on in aqueous phase in 

mol es per litre .. 

(B) :;::;: concentration of unsaturated material in carbon 
C 

tetrachloride i :q. moles p 6r litre. 

= ionic s·t.rength = normality 

= (B) / (B):: distribution r atio of the unsaturated 
C 

mat eria l between carbon t et t><a.chloride and l III potas-

sium nitrate (3) 

(4) 

The procedure c ons i sts i n di s tribut ing t he unsaturAt ed organic 

c ompound B betv een carbon tetrach loride and l l"f potass ium n.i trate , 

and then combining t he resulting <1istribution r a tio v~ith other 

data obtained by distr ibuting B between carbon t etrachloride 

and 1 ir silver nitrat e , or a ro lution of ~= 1 of both potassium 

nitrate and silver nitrate . The dat a r equired are t he con-

c ent ratior..w of' B in the t wo phases and the concentration o:f the 

silver salt in the aqueous phase . 



Combining equations (3) and (4) above we get 

K = Kn (BAg} 
( B)c(Ag+) 

But 

and 
( Et) = ( B) + (BAg) 

and therefore 

(Ag+)= (Agt.) - {Bt) + (B) 

From (5) then 

Kn [ (Bt) - (_B)] 
K = KE = °t:B)c [ (Agt) • '{ Bt) + ( B)] 

and .. -

15P [ ( Bt) • (E)e/KD] ,. 

( B) c [ {Agt) • (Rt) + ( B)e,1¥1) ] 

(S) 

(6) 

Al.l of the quani;.i ties in ~ ' the t:valuat.ed c onstant, we can deter-_ 

mine ex.p~rimentally. 

In this theory we assumed, for K, t.hat one mole of B co-o-rdi­

I¥1-:tes with one mole of silver. Vin.at we really have in KE then is 

the first argentation constant. of B. Winstein, and Luca s 5 ca lled 

this ro nst.ant K1 . K1 == K when only this reaction occurs in the 

aqueous phasei 

B + lVl+ __ K_l~ BAg+ (7) 

Subsequent reactions may occur, as brought out for the butadienes,. 

and for phenol, f'o.r example, by the above authors5 , but in this work 

we are dealing with a monomo.J.J:rcular c omplex and shall us e ~ = K1 

!or the evaluated complex const,a:n:t. 

Another constant K
0 

has been evaluated. 



K 
0 

(8) 

It is especially useful in the cas.e of hydrocarb r:w. As 

seez1 by combining (3), (4) ·and (8), 

K = (BAg}(fil. 
o (B)(Ag+)( B)c 

(BAg) (9) 

K.
0 

is the e.quilibrium constant :for the reaction betwe-en B, dis­

solved in carbon tetrachloride, and aqueo1.a.s silver ion to give the 

complex ion BAg +. K
0 

is e~s entially independent of Kn bees.use 

(B) is smalJ. compared to (Bt.). ~'n i .s; usually very high in llydrocar• 

bons going up to 9000 for 1•hexene and consequently involves somewhat 

more error for them. Hence K
0 

:finds great usefulness in the pre• 

sent work in the analysis of a mixture of isomers by the siJ.ver 

association constants, for in this case greater aceuracy is 

required than is present in KD or· KE-• 

In comr;aring the stability of dit't~erent olefin complexes, 

Winstein defined w1it activity of B as the activity o:C B in a 1 

molar s olution .o:f.' B in carbon tetrachloride·. K gives a measure 0 • 

of the silver a-ssociation in terms of this concept. This a.mounts 

to choosing a standard state for all the olefins wi t11 about the same 

act.ivity l"elative to the liquid state. 

The inf'luence of partial miscibility of the carbon tetrachJ.or-ide 

and water upon K1 causes t.hie latter constant to be lower than 

the va lue tor carbon tetrachloride-free v1ater due to the increase 

in solubility of an olef'in in water on saturating the wa:ter with 

carbon tetrachloride. But K
0 

is not subject to t his error. 



It must be assumed that p-otassiwn. and silver ion& are 

equivalent in their effect upon the activity of' the UU$8.tura ted 

su·bstance. Thus, exclusive o:f the silver complex, K+- ~ Ag+ 

would have the same "salting out" effect on B from the aqueous 

phase . Hence, this present work is based on a constant ±onic 

strength/"""= 1. 

Analysis of mixtut•es of the normal butenes by means of the 

second order reaction rate constants for the reactiou of potassium 

iodide with the dibromides has b een studied15• 

Whether o:r• not silver ion c oordinates to different degrees with 

eis a:nd trans geometrical isomers has been of' keen interest-• 

The concept held forth possibilities in the light of q.etermining 

the composition of' unknown mixtures of c is and trans isomers by 

means of the size of the constant K
0

• With this in view the 

present work was und~rtaken. Its scope j.s divided roughly into 

(a) improvement of the apparatus and technique o:f t he 

past. to facilitate the accuracy requir•ed f'oF the 

isomers. 

(b) search :for available unsaturat@d isomers which lend 

the.ms elves to a. method of analysis by bromination. 

(c} rn.easurernents upon pure cis and trans 2-pentene. 
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Experimental 

Materials . 

The standard silver nitI•a te solutions vra1·e li13.de up by We¥ght, 

as were the standard bromate-br (1:mid~ solutions. 

cals were c.p. or reagent grade. 

Inorga:pie chem:i-

The carbon tetrachloride used was purified o:f oxidizing mater­

ials by sa t urating it with chlor i ne and allowing the solution to 

remain i:n sunlight over a period of two weeks. It \'V~S then 

shaken v>!ith strong KOH, d.ried with CaC12 , Ca(OH)a added and dis­

tilled. T'.ae initial distillate vras returned to the batch and the 

main fraction collected at 75.5°c. (uncorr.) with no range. 

The isobutene used was prepared by r efluxing tertiary but..11 

alcohol with crystallized oxalic acid and the evoilved butene was 

passed through three spiral wash bottles each containing water 

to r emove the alcohol, next throu'gh a towe.r c o11taining soda lime 

and calcium chloride and then irJ.to an ampoule where it was con­

densed and sealed off. 

Cyclohexene was made available by Franklin Hepner. It was 

distilled off sodiun1 in a nitrogen atmosphere and gave no indica­

tion of peroxide on testing with potassium iodide, dilute sulfuric 

a.eid arid starch. 

The 2-butene was prepared by dehydra ting primary butyl alcohol 

with c oncentr .:1t ed sul furic acid over kieselguhr, passing the 

evolved butene first through concentrated s odium hydroxide $lolu­

tion, through dilute sulfuric acid and then through a soda lime 

and calcium. chloride tower to the c ooled am;:..)oule. 
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The diet:l:zyl fumarate and maleic acid used were Eastrn.an 

material. 

The 2-pentene mixture of isomers was prepared by dehydration 

of commercial secondary amy/ alcohol by concentrated sulf~ic acid over 

kieselguhr and the pentene distilled off over a rar:ige 39° - 43° e. 
It was shaken wit.h sodium hydroxide solution then dried over Cfa, leium 

chloride and redistilled with a range 35.5° - 3t5._5c, c. 

Analysis 

The analytical metl1od used was essentially that of' Davis, 

Crandall and Higbee9 as adapted in the previous silver work5 ' 8 
/0 

with some modification, in particular the use of a nitrogen atmos-

phere in all the distributions and nitrogen to :force up the 

sample. 1'"ive minutes was allowed for each bromination. 

F'or the dilute solutions, 0.05 N bromate-bromide and 0.02 l-l 

thiosu1:t·ate were used·, but 0.25 .N bromat.e-brom:ide and 0 .. 2 thio-sul• 

fate were employed where needed. Five minutes of shaking5 with 

a small excess of bromate-bromide solution is sut'fieient- f'o.r 

analysis of both phases with al.l the$e substances. ·Exceptions 

were attempted in the work 011 etnyl f'umarate as discussed below. 

In the analysis of solutions of silver nitrate enough potassium 

bromide was added to precipitate all the silver and enough 

iodide later to allow for any metathesis of silver bromide to 

iodide. 'I'his gave an end-point somewhat like that in the 

iodometric copper analysis. During brominatio-n t.he analysis 

flasks were ,,vrapped in black cloth. 

All distributions were carried out in a thermostat at 



The appara tus :for the distribution measurement$ 

a s :first carried eut is showu in F'i g . 1. In the 2•pentene work 

it was found necessary { see below) to change this appax•atus to 

one with ground glass joints (Fig .• a}. Sampling of' the two 
11 

phases vias carried out by means of: calibrated pip ets of the 

style s hown in Fi g . 2. The distribution flasks, usually 200 ml., 

were first filled with nitrogen, the solutions poured -in, and again 

nitrogen passed through by means of the 3 -way stopcock s ho'w"ll in 

The s amples were foreed into t h e p ipets by meari...s of 

ni troge:n. 

One hour in the thermoiata.t a f't er sti rring mechttnically f'or 

twenty minutes wa s usually al.lowed for the establishment of e qui-

librium betwt:: en the ph-1ses. In the 2-pentene work described below 

the effects of' v~ying stirring and settling times were studied. 
~ ' 

Difficulty was encountered a s usual~ in determining large distri bu-

t ion. ratios accurately beca us e a trace of the concentrated -phase iri 

the dilute phase gives rise to l,!irge errors and because o.f the 

small amount of' standard bro.mate-bromide solution consumed by even 

a 100 ml. sample of the dilute phase. 



Results 

Is:> but.ene. 

Concent.ratiorw are in moles per litre tbroughout this work. 

I11 'the runs with the gases isobutene and 2-butene..,carried out ta 

study the techniques previously employed, the unsaturated sub­

stance was di.stilled a:t room temperature into the two ... phase system 

in the distribution fla sk, previously :filled with nitrogen, while 

stirring mechanically for five minutes. The amount of gaseous 

sample .was gauged f'rom the level of the liq.uid in the ampoule. 

Table I gives some typical results f'or ieotiutene dist.ribu­

tion,s between carbon tetrachloride and water showing good. agr·ee-

ment and no appreciable drif t over a time .of settling up to f'ive 

hour$• This result is o:f interest in the work below with 2-pen-

tene, when t.he drii't over much longer periods was studied. Pre-
. 0 

vious authors0 reported a value of' 606 :for this K.w,at a slie½.tly 

higher isobutene concentration, having used isobut.e.ne instead of 

nitrogen to force their samples into pipets. 

the present value of 586 is fairly good. 

Cyclohexene. 

The agreement with 

In checking Winstein 's viork5 on the potassium nitrate constants 

Kn, a value of 4226 was obtained with 5% deviation t·or cyclohexene. 

Winstein•s value wae 4305. In connection with these distributions 

ot· cyclohexene the effects of peroxide formation were noticeable. 

In peroxide containing sas'llples the titres dl-ifted in the di1 .. ection 

of the liberation of more iodine and too much bromine was used up. 

With :freshly distilled samp les the end-points v1ere sharp. It is 
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considered pos·sible that. the cyelohexene peroxide makes bromine 

substitution easy. 

2- Eutene. 

With 2- butene distributions more variation was encountered 

since runs were a llowed to settle as long as 20 hours. Table 

II gives some typical results . The increa se in KD with time of 

settling is to be expected and was studied under the 2-pentene 

work below. The t1•ue value of' KD in this case i 1:l probabl;y· 

about .800 since a very small amount of organic phase in the 

aqueous 1,.fr1ase would cause the drop to 743. Dsir.ig KD ; 800 the 

silver constant KTi: for this 2- buteue mixture of isomers was :f'ound 
.i;.i 

to be 43. 7 and K = . 0608. 
0 

Di -ethyl J.1umarate .•. 

Since the cis-trans isomers dimetcyl maleat,e and ditnetr.;,Yl 

f'u:m.arate were available £'or study , :m investigation was ma.de upon 

the bromination analysi.s of' diethyl fumara:te a olutionsto ascertain 

v hether or not these esters lend. themse lves to a.nalysis . In the 

absence of lig'ht the ethyl fumarate in carbon tetrachloride did 

not add bromine to any extent . (See Runs 35 and 45, Table III) . 

12 According to Lucas and Pressman maleic a.rid fumar l e ac .... ds 

can be analysed quantitative ly by bromina.tion for 30 minut es in 

the presence of· mercuric ion. An investigation was carried out 

using mercuric su.lfa te solutions to c atalyse the addition of 

bromine to diethyl i\.unara te . Varying success was attained. 

Mercuric rulfate 0 . 2 N solution was pr epared by dissolving the 

c . p . Eaker ' s solid in 6 N sulturic acid and dilut ing t.o the desired 
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Table r,. 

Iro butene Di stributed Bet ween Carbon. Tetrachloride and Water. 

Run. No. Stirring time m. Settling time m. aqueous ( B) CCl ( B) 
4 C 

'.K w 

3 5 5 . 000467 .264 566 

8 5 5 . 0 00476 .275 578 

9 5 10 ._,po1m .622 582 

10 5 15 ' .000974 . 574 590 

11 5 15 .000776 .465 600 

12 5 20 .000740 .443 600 

1 3 15 oO . 000'l25 .423 585 

14 15 30 .000595 . 349 587 

is 10 300 . 00119 . 692 582 

= 586 .:!: 8 

Table II. 

2-Butene Distributed Betvrn e·n Carbon Tetrachloride and L.~ Kl:{03 

Run No. Stirring t ime m. Settling t ime h . aqueous ( B) CC4( B) c KD 

33 10 1.5 . 0008fJ7 . 648 803 

29 10 2.7 .000829 . 663 800 

30 1 0 3 .0 . 000618 . 45~ 743 

33 10 20 . 000775 . 735 948 

Probable KD = 800 



volume. 1~his .s ,>l u tion as used was 3 ]{ in sulfuric acid. 

f ound necessary to wait f'.or five minutes be:fore adding the mercuric 

su.lf'a.te to the solution of s ample in, the brominat.ing mixture .• 

If added right away , the mercury ties up t he bromide ion. Time 

must 'be allowed :for the bronune to ·be libera t ed. The complex 

of Hg++ and B:r .. however i s very necessary 'bec~us e i f it i s broken 

up with sodium chloride solution before a,ddir1,s the sample the cata-

lytic effect of the mercury disappears. It qoes not matter whether 

the mez·cury solution is added before or after the samp le . 

the shaking period s-odium chloride solution was added _. • to liberate 

free bromine from its m€:rcuric sulfat e complex. As previqusJ.J,· 
12 ,, 

suggested it was necess ar y to have the molar ratio o.f' mercuric 

ion t.o fin.al bromide ion grea t er t han unity to obtain t he ma.."<::..mum 

cata l ytic effect. Glacial acet i c nc id 'was used to incre se the 

s 0lubility oi' the ester in the a queous phase. 

With mercuric s ulf'ate present t he analysis was about 10-1> ef-

ficient. Addition of acetic acid enhanced t his to a small degree 

dependi ng on the t ime allowed :t'or bromination and; as shoy;n in 

Table III , on the am.ount of a c eti.c acid added. Doubling t h e mercuric 

ion concentration (Run 46 , Table III) had no increased effect. 

To obtain a check on the s 0lutions and on the work of Lucas 

and Preasman12 a staiidardized solution of maleic a c id was prepared 

a rid analysed 1wi. th mercuric sulfa te ca.t a,lyst. Results as showri in 

Table IVt:t were quite s a t isfact ory. Blanks were run on t he acetic 

acid b ut the amount, 01' bromine used up was 0nly o. 001· ml. per ml. 

C. P. acetic acid used. Merck's reagent acetic acid use.ct up .0002 



Table III • 

Run No. 

- 15-

Et hyl Fumarate in CCl,1, 

( All: in a.armess) ... 

35 4 1 4 2 43 44 45 46 

-~ i J.{IJ.,equivs . est er 18 . 40 1 . 973 1 . 973 1 . 97 2. 1 •. 973 J. . 973 1 . 973 

Acetic acid, ml . o 20 30 25 25 20 20 

o. 2 W HgS04',:,v tnl • 0 15 15 15 15 0 30 
":'•. • .'; '. ,v"\" 

Shaking time m. 30 30 30 30 60 30 30 

l1llilliequiv$ • found o.o . 4 65 .498 . 448 . 623 . 051. .473 

Efficiency% 

Table Iva. . 

Run No. 

Milliequivs. acid 

Shaking time , m. 

Milliequivs . f ound 

Milli,.e..qu ivs . error 
·- ,, .... , _. ,, 

Ef'f ic i ency % 

24 25 23 32 

Ma.leic Acid in H2 0 

54 55 

. 4.206 . 4206 

10 5 

30 20 

.4211 . 4149 

+. 0005 -.0057 

99. 9 98 . 8 

2 24, 
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ml. of bromine fJ er ml;. .of acid. 'rhese blank corrections were 

no won'y as long as the bror.rdnation of the estel? was inefficient. 

Sampl ,;; s of t he diethyl fumarate were made up in c •. P. and in 

Merck reagent a cetic acid in order to eli mina te carbon tetra-

chloride aJ.t.ogether from the analysis. The samples were washed 

into t h.e _analysis :flasks with about 20 ml. of the sar.ae grade 

acetic acid as is ·the solution. See Table -IVb. Br0mine 

substitution is possible (as :ln Run 59,: Table IVb)but v·ery slight. 

It is entirely a ma tter of :r:~l-9.tive rat,es. The acetic a c i d 

blank is here important. For· example, in Run No. 60, \oiliere the 

blank was . 0127 · .. MN/I equivalents, the ef'.f'<i.eiency of' bromina.tion 

was ac t ually 97 »• The acetic acid correction vax~ies with time, 

that is, the longer t he time of shakirlg th£ rnore brori.li.ne i s used 

by the acetic acid. Hence, a shaking peri od of 70 minutes is 

too long to be practical. Two alterna tives now presented t hem-

Selves; conducting the brominations at a higher temperature, or in-

c1 .. easing the conc entra tions of the solutions involved,. Higher 

temperature work would be irupractical if high enougl:1 (see Runs 68 

and 69) and v-..o uld l ead to other a dditional sources o:f er·ror. In-

creasing the c oncentrations a lso decreases the accuracy of arnal ysis.­

.li'rom runs 66 and 67 it i s seen that upon increasing the bromine 

concentration, the per cent bromine addition i s , actually , not 

increased at a ll (compare 67 with. 62 and 57) . Rur.1 69 was t he 

mos t efficient obt 81, i ned. The ac etic acid blank also varies with 

the amount of vtash l i quid, which must be kep t c o:nstaut. This 

b - ' l, - 1 d. • • t1 , + ' ' 1 1·· •• · t 12 • .1.ai1.i.: snou_ oe run w 1 1 a.00 1.11., one t111rd t 1e a.mount o oroma e 

as in the actual run, .in order to approximate the average bromine 
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Table IVb. 

Di ethy 1 Fumara te in Acetic Ac id~ ( a/,-r.vf .l-~ ) 

Hun No. 

Grade CHaCOOH 

.Milliequivs ester 

0.2 N HgS04, ml. 

Shaking time m •. 

Daylight or darkness 

Milliequivs. found 

Ef':ficiency 01_ 
/0 

Corrected (d) ef'fic .1.ency 

Run No. 

Grade CHaC0OH 

Milllequivs ester 

Shaking time Ill• 

Daylight or darkness 

Milliequivs. found 
;-?J,L.--t.,,.,,/-,.__ 

Efficiency % 

Of. p 

Corrected (d) efficiency% 

47 48 

CP CP 

.1093 .1093 

5 
,,.. 
0 

30 40 

DK DK 

.04258 ,.0477 

39 44 

..... --

57 58 

Reagent Reagent 

.1109 .1109 

10 1@ 

30 '"40 

Light Light 

.0936 .1038 

84 94 

-- ... _ 

49 50 56 

CP. CP ' Reagent 

.1093 .1093 . ,1109 

5 -<1 $. 10 

40 40 20 

DK Light Light 

.0496 .0502 .0858 

45 46 77 

-- -- --

59 60 61 

H.eagent Heagent Reagent 

.1109 .1109 .1109 

10 10 10 

50 7P 20 

Light Light Dark 

.1155 .1198 .0723 
.01~7 

104 108 65 

-- 97 --
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Table IV .b( cont.) 

Run No. 

Gra.d.e CHaCOOH 

Milliequivs ester 

0.2 N HgS04 ml. 

Shaking time m. 

Light or Darkness 

Mi1liequivs. found 

Ef'f'iciency % 

Corrected (d) efficiency 

Run No. 

Grade CHsCOOH 

Milliequivs ester 

01 
/0 

62 63 64 65 

R~evt: .. l? ~ =~-~"" "' :. 

.1109 .1109 .uoo .1109 

10 10 10 10 

30 40 50 70 

DK DK DK DK 

.0929 .0928 .1020 .1096 

84 84 92 99 

72 87 

,,,na,c 
OD 

.1100 .1109 .ll.09 

5 5 5 

30 20 30 

Light Light Light 

66a 

Reagent 

.1109 

5 

30 

DK 

.0789b 

--
71 

Shaking time m. 

Light or Darkness 

Milliequivs. found 

Eff'ici ency % 

b b • b •. _.,, = .,1. 1 1, a - . o o q 1.. /) • 0930 . 0805 •. · •• 1026 , 

Corrected (d) efficiency% 84 73 92 

a= analytical solution strengths doubled 

b = milliequivalents cor rected for acetic acid blank 

c ::: carried out on a bath at 300 C. 

d = corrected f'or acetic acid blank 
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concentration. That is, the amount of' acetic acid used in the 

bla.rlk should be an amoUDt arbitrarily weighted ro nsidering an 

average concentratior1 of bromine aft er allowing f'or the ester 

using some . This was not al v.ays done. Si nce the blank error 

bec omes so critic a l, and must in the :final anal;fsis be estimated, 

the procedure does not hold any promise for the requisite accuracy 

of the i s omer work. 

It mi ght b e possible to obtain better and more consis t ,ent 

analy ti.cal results by deliberately hydrolysing t he ester solutions 

for a ten or t welve hour period in strong acid and t hen analysing 

for the fumaric and malei c ac1c1s12. 

2- pentene mixture 

The 2-penten€, micro boiling point = 36.1° c. (uncorr.), 

was always kept under nitrogen. The tirst apparatus used with 

t he 2- pentene mi xt ure, all of which i n t h i s work came i'r om t he 

same prepar a tion, was ·that sho' n in Fi6.l'Ure 1. This apparat us 

conta ined t'wo rubber stoppers exposed to t he s olution vapor . 

Huns were made with 1 N potassium nitrate, with l .N s ilver nitrate , 

and with water as the aqueous phase in t his appar·atus and drifts 

in the constants \'>;ere noted as shova1 . f or K.ltJ in Table VI and 

Y"lii increased with t ime of settling. Thi s was c onsidered Fi gure 3 . 

due to los s O
.,::> 
J. 2- pentene :from the water phase and vapor into 

the rubber stop1.✓ ers . Good agree.rnent wa s obtained with KD 

{Table v.) for a settling t i me of 45 minutes . All t he runs with 

2- pentene were made in a 200 1J.Il . flask using 10 ml. of a carbon 

tetrachloride solution of the pentene and 175 ml .. aqueous phase. 
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In determining the silver association constants wi.th this 

2-pentene mixture another type of dri:ft was encountered., - not. a 

drift with ti.me of settling (also present however) but ~ dri.f't in 

KE upon dilution of' a run and redetermination of' the constant 

upon the diluted phases us ing the same procedure. This increas e 

in KE is shown :Ln Table VIII. and illustrated in Figure 4. The 

three curves A, B and C represent dilutions of three · dif't'erent 

initial distributions. At. first this upward dri:ft in KE was 

considered due to a need f'or longer stirring time since,. after 

the f'irst sampling is made and more carbon tetrachloride added, the 

2-pentene must traverse the interface in the other direction, 

that is, from t.be aqueous phase into the carbon tetrachloride 

phase, in order to .reach the previous equilibrium. 'fhis would 

reqµire the breakdown of the complex BAg+, which is in the aqueous 

phase, and ha.nee might be expected to require longe1~ stirring and 

settling. However, as illustrated below in the general theory 

for the dist.ribu:tion oi: a mixture of two substances bet.ween water 

and carbon tetrachloride, constancy in K .... upon sampling, dilution, 
,t!; 

stirring and resampling is not to ·be expected since it is quite 

a different proportion of the isomers that remains in th.e solution. 

Because of' the very great solubility of' the pentene :in tlie carbon 

tetrachloride phase this effect is not roore pronounced in the 

present case. That the stirring time is nevertheless an important 

factor is sho~n by runs 117 and 118 (Table IX) where increasing 

the stirring time brought KE do,vn quite considerably. The 

concentration o:t' pentene in carbon tetrachloride was varied 100 }b 

(Table VIII) in initial runs V1rith no obs erved change in KE, 



- 20-

Table V: 

K - 2-pentene mixture bet1i.veen 1 .N KHOs and CCl 4 
D 

Run No . 

Stirring time m. 

Settling time m 

(B) 

( B) 
C 

Y-'1) 

Run No. 

StirTing time .m. 

Settling t ime h .~ 

(B) -· .· 

(B) c 

KD 

Rubber Stoppers D 

75 7 6 97 

20 20 20 

45 45 45 

, 0001366 . 0001255 . 0000556 

. 5280 . 5230 Q,. ~26 

3390 4170 4070 

Ground Glass Joints 0 

114 112 115 

20 20 20 

1 3 15 

~.0001054 . 0001127 . 0001137 

. 451 . 454 . 453 
. 
4'27-0 4030 3990 

AverageKD = 4070 + 100 
' -
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Table VI. 

Kw-2-pentene mixture between water and CClt, 

Rubber stoppers ,0 

Run No~ 103 101 100 106 104 

Stirring time m. 20 20 20 .20 20 

Settling time he 0.25 lJ_O,...\ 3.0 3.0 8.0 

(B} .000201 . 000196 .000161 .000172 .000155 

(B)c . 493 .488 .. 489 .465 .494 

K w 2450 2490 3050 2710 3190 

Run No. 105 102 80 

Stirri1::,.g time m. 20 20 20 

Settling time h. 13.0 20.0 24.0 

(B) .000143 .000129 .0001245 

(B) c .490 .492 .480 

¥\f 3430 3820 3860 
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Table VII. 

K ,-2-pentene mixtw·e between YA'ater and cc,· 
w """" 

Groui1d Gl as s Equipment 

Run No. 111 108 110 1.09 

Stirring time m •. 20 20 20 20 

Settling time h. 1 4 5 9 

(B) . 000156 .000147 .000157 .000142 

(B) 
C 

.453 . 452 .453 .450 

~ 2 ;bl0 3070 2890 3170 

For glass , Average Kw; 3074 ~ 141 



showing that the complex BAg+ is, as previous authors believea.5 , 

monomolecular. 

The loss of' pentene into the rubber stoppers was overcome 

by construction of ground-g lass equi pment similar to the apparatus 

in Figure l but with the lower bearing of the mer·cury-seal stirrer 

sealed directly into -U1e male part of' a 24/ 40 joint. During 

d1. str·ibutions, a ground-glass stopper was kept in the side arm. 

'¥/bile sampling, the same type of' rubber-stoppered 3-way stopcock 

was used as previously but loss of pentene into the rubber during 

the sarupling a lone was neglig ible. Considera"ble di:t'f'iculty 

1Aias encountered in getting suitable glass bearings and ground-iu 

stirring rods that would eliminate whip and bz•ea.kir:ig o:f tb.e rod 

and permit the. high speed of stirring necessary. It was necessary 

to regrind the stirring r ods and remold the bearings about every 

t wo hours of use . Further invest i gations us i ng this type cf' 

equipment woul dj
1 
justiJ'y exploring the possibilitie~ of us i11g 

a graphite-lubricated g,rround-glass joint in the: distribution 

flask having the: stirring rod ring-sealed into the male joint •. 

All three types of distributions were repeated with the 

ground-glass e4.uipment. Table V and, Table VII show how the 
-~ y,-. __ , 

settling time drift was eliminated. The potassium nitrate runs 

a.re shov:m in Table V. Since all three of these KD rw1S with 

rubber settled ¼fr- less than one hour, it is justi:fiable to take 

the average of all six runs 4 <170 for KD i'or this 2-pentene mixture. 

All th€ silver constants (Tables VIII and IX} are calculated on the 

basis K = 4070. . n Table DC gives the silver association results 
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Table VIII. 

Silver Association Const,ints for 2-pentene mixture 

between 11~· Ag.NOa and CCl4 

KD = 4070 

( Rubber Stoppers) 

Initial Run J:.Io .• 77 78 82 81 86 

Stirr-ing time m. 20 20 20 20 20 

Se·ttling time m. 60 60 60 GO 60 

( B)t . 00690 . 00695 .0066 0 . 00677 . 00656 

( B)c .417 . 412 . 404 .403 . 396 

KE 66 .7 68 . 2 65.7 67 . 6 66 . 7 

Ko . 0164 . 016? . 0162 . 0166 . 0164 



Table VIII (cont .) 

Initial Run No. 

Stirring time m. 

Settli ng time .m. 

( B) t 
( B) 

C 

KE Average init ial 

K 
0 

Average initial 

Sec ond run No. 

Stir ring time na. 

S-ettling time m. 

( B) t 
( B) 

C 

KE. 
!, 

Ko 

- 22a-

87 

20 

6 0 

. 00655 

. 396 

. 0164 

runs - 66 . 6 + -
runs :;:; . 0164 + -

88 

20 

60 

. 00375 

. 209 

72 . 3 

. 0178 

KE aver age second runs 

91 

20 

60 

. 00327 

. 204 

. 0159 

0 . 8 

.0002 

93 

20 

60 

. 00202 

. 107 

7 5 . 8 

. 0186 

K
0 

average sec ond runs - . 0181 :!: . ooo:J 

Third run No. 90 95 

Stirring time m. 20 20 

Settling time m. 80 60 

( B) t . 00243 . 00110 

( B) 
· c . 118 . 04;:;6 

KE 82 . 8 9 0 . 3 

K 
0 

. 0203 . 0222 

KE average third runs:::: 87 . 7 + 3 . 3 

K
0 

average t hird runs - . 0215 .:t . 0008 

a 
C 

92 

20 

-:-60 

. 00335 

. 201 

. 0165 

94 

20 

60 

. 00199 

.109 

72 . 8 

. 0179 

96 

20 

80 

. 000950 

. 0428 

90 . 0 

. 0221 

a These columns , A, Band c, represent successive dilutions of 

initial runs and ar e shovm graphically in I<'igure 4 . 



with ground-glass equipment, showing that previous !Dit.ial 

runs with rubber stoppers can justif'iably be included in values 

of ~ and K
0 

:for this mixtw:·e of' the 2-pentene isomers. The 

~ drif·t was again noted and, as mentioned above, increased ti.-ne 

of' stirring for the diluted runs had a marked e:f:f-ect in reducing 

the upward dri:ft.. However, longer stirring had a likewise marked 

effect in increasing the mortality of glass rods and beariv..gs. • 



Table IX• 

Silver Association Constants for 2-pentene mixture between 

l N. AgNOa and CCl4 

Run No. 

Stirring time 

Settling time 

(B)t 
,: 

(B)c 

K E 

Ko 

(Ground Glass Equipment} KD = 4Cf/O 

116 117a. 119 

m. 20 40 40 

h. 1.0 1.0 1.0 

.00580 ~:00344 . QQ588 

.355 .193 .361 

65.8 71.6 65.7 

.0162 .0176 .0161 

(a) dilution o:f No. 116 

(b) dilution of No. 117 

121:.L 

20 

11 

.00583 

.358 

65.8 

.0162 

Average of; all initial KE runs = 66.4 + 0.8 -

118"!:P· 

60 

1.0 

.00188 

.109 

69.2 

.0170 

Average of all initial K runs .:: .0163 + .0002. 
0 -
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Silver AGsociation wit.h Cis and Trans 2-Pentene. 

Materials. 

The pure 2-pentene isomers were separated by M. J. Schlatter-
13 Gf this laboratory and had the physical properties shown in 

Table x. Densities at 200 c. and 25° c., the boiling point at 

744 mm-• and the refr;:1ctive index at 200 c. were kindly furnished 

by Mr. Schlatter. 

Method. 

Solutions of" the isomers were made in carbon tetrachloride 

and kept wider nitrogen as with the mixture and with the ground _ 

glass equipment a standard procedure for all runs was ca: .. ried out, 

stirring for 20 minutes a:nd settling one hour. Results are given 

in Tables XI and XII and are summarized in Table XIII. 

Data. 

Tables X, XI, XII and XIII. 

Discussion. 

E~tir.aations of' the composition of the 2-pentene mixture by 

interpolating between the values of '¾rt Kn and KE for the _pure iso­

mers are invalid because of the aver.age deviation (A.D.) of these 

results. 

constants, 

However 1<0 does not contain the errors of the other 

and estimates of the mixture composition should be as good as the 



Table X. 

Physical Properties of Cis and Trans 2-pent.enes (13) 

Isomer Density n~5 Density D~(; BP 744 mm. Ret,. Index n20 

Cis 

'.l'rans 

o.6504 

o.6426 

0.6554 

o.6475 

1.3828 

1.3798 



Table XI . Trans 2- pentene 

between l N" YN03 and CCLll. between water and CCl.i 

K D 

Run No . 

Stirring time m. 

Settling time m. 

123 125 

20 20 

60 60 

Kw 

126 

20 

60 

132 

20 

60 

133 

20 

60 

134 

20 

60 

(B) 

(B)t 

. 0000864 . 0000916 . 0000853 • 0001454 • 0,00:j.443 • 0001434 

KD or Kw 

. 501 

5780 

. 497 

5420 

. 484 

5670 

Average K0 = 5620 .:!: 140 

. 477 

3290 

. 482 

3340 

Average~ :: 3320 .:t 20 

;~ilver As sociation Constants • between l N AglfOs and CCL1 

Run No. 129 130 131 

Stirring tirne m. 20 20 20 20 

60 

. 00399 

.361 

Settling time m. 60 60 60 

( B) t 

(B) c 

KE 

Ko 

. 00455 . 00467 .00459 

.409 .414 .405 

6 1 . 8 62 . 7 62 . 8 

. 0110 .0112 . 0112 .. 0109 

Av erage KTi' = 62 . 2 .:t o . 6 
.L:.J 

Average K
0 

= . 0111 .:!: . 0001 

a Run 144 was carried out on the same carbon t etrachloride 

s olution of trans 2- pentene after standing under nitro­

g en two weeks . 

.477 

3330 
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Table XII Cis 2-pentene 

KD between 1.N KNOa and CCl4 

Run No. 135 136 137 

Stirring time m. 20 20 20-

Settling time m. 60 60 60 

(B) .OOOl3p .000130 .000129 

(B)c .477 .478 .464 

KD or ¾r 3530 3690 36BO 

Average KD: 3607 z 56 

K .. between HaO and CCl4 w . 
138 139 140 

20 20 20 

60 60 60 

.Q00179 .OOOl87 .000186 

.472 .480 .479 

2630 2570 2580 

Average Kw = 2593 ± 24 

Silver Association Constants - between lN AgNOs and CCl., 

Run No . 141 142 143 

Stirring time m. 20 20 20 

Settling time m. 60 60 60 

(B)t .00983 .00970 .00963 

(B)e .311 .310 .314 

K E 114.2 112.7 110.7 

Ko .0316 .0313 .0308 

Average K :;:;; 112.5 + 1.2 E -
Average Ko :: .0312 + .0003 
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Table XIII 

2-Pentene Summary 

Trans Mixture Cis 

Total Total Total 
runs A.~ D". • runs A.D. runs A. D. 

Kw 3 3320 + 20 '4 3010 ±110 3 2593 + 24 - -
KD 3 5620 .±140 4 4(f/0 j:145 3 3607 + 56 -
KE 4 62 .2 _:t0.6 11 66 .4 .:!:0.8 

,.., 
112.5 .± 1.2 .;j 

Ko 4 .0111 ±-0001 11 . 0163 .±-0002 3 .0312 .±-0003 

Table XIV . 

2,3-Dibromopentane 
Dielectric 

Constant(. 
% 

threo 
Ret'racti~5 

Index n 

100% 9 

mixture from 2-
pentene mixture 

a Reading was 5.69 

100 

75.0 

0 

1.5089 

1.5088 

1.5087 

Correction to p ermit straight line inter­

polation:: .014 

Corrected straight line reading = 5 .70 



From the K
0 

values, 

trans 2-pentene _ .0312 ... 0163 _ 149 _ 74 .• 1 
cis 2-pentene - .0163 - .0111. - ~ - ·25.9 

and thus the 2-pentene mixture preparation is 74.1 % of' the trans 

isomer and 25.9 % oft.he eis. 

Corroboration of this result was obtained by preparing the 

2,3•dibromopentane of the 2-pentene mixt,ure, carefully drying 

and. distilling it, and measuring the dieR ctric «, nstant E ef this 

mixtUI•e of er.-ythro and threo dibromopentanes, using the cell of 

c. Gould, Jr. and his calibration of th.e same14• By C!hecki:og 

the value of € with M. J. Schlatter' s . graph of dielectric constant 

plotted against mixture composition for th;~~ 2, 3 - dibromopentanes, 

the mixture of dibromopent.anes was found to be 75.0 % o:t' the threo 

and 25.0 % of the erythro isomer, or 75.0 % trans 2-pentene in the 

original preparation. The 0.9 % difference in tbe values for 

percentage trans is partly due to a. racemization.13 of up tv 2 % 

in making tlie dibromide. However,. there is a l % deviation in K • 
0 

13 The refractive index of the dibromopentane was also determined as 

a check on its purity. A summary is given in T~ble XIV. F'igure 

5 shows graphically the composition of any pure mixture of cis 

and trans 2-pentene for the observed V6.lue of the silver associa• 

tion constant K
0 

based on the assumption that it is a linear 

function in the mixture. Tbe validity of.' interpolating , thus 

to obw.in the composition o:f the mixture upon this assumption is 

illustrated in the general theory below. 



Distribution Between Water and ccio, 

o:f Two Substances and Their Mixture 

B = mols of unsaturated substance per litre, subseript W 

represents the water phase and C the carbon tetrachloride phase. 

Prime and double prime represent the two substances. 

De:fine ¥48 and Kw by 

.,.,_ ·' Bw· ff .c.~ , 
_,! - K.1 ( 10) , -
B, - -~ . ana ..... u 

C " DC 
= Kw (11) 

If X = mol fraction, does ·Kw 

and B,' + R."1 .::: a: (evaluated by experiment) 
~ - v. ., (12) 

Similarly, 

B • + B• = Bee ( evaluate·d by experiment) 
C C 

(13) 

Now 
e B' B" ~ + 

= Kw ::: _;_W w 
-,e B' + B" He C C 

(14) 

= ~; + ~l. 
B' + B" 

C C 

.K t B' 'lrflBll 
= :sw C + :::,w C 

JS ' + B" B ' + BU 
C C C C 

:::: x' . Y • + x". ·1'w·" C 'W: c• . 

= xt .K' + (1 ... x') K" C -W C w 
:;: xr•I\!; + K~ -~-x~ 
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and 
K.w ... Kn 

x• :: -w 
C 

(15) 
K ' - K11 

"W w 

·which is the mol fraction of first isomer in cw:-bon tetrachloride 

phase. 

Similarly, 

x" -C 

The silver ass ociation co:nsta.n·ts can be trea ted similarly. 

B + Ag ;== BAg 

Observed K-... = i§f!gl f'or the mixture. 
,I:!; 

For the components : 

(B' Ag) 
Ki ; W) (Ag) 

(B) (Ag) 

(17) . and Y" 
~ 

The observed f"'E ::: {B' Ag + B"Ag) 
( B ' + B")(.Ag) 

:::: B1Ag 
(B' + B") Ag + (Bi 

:= B' ( B t 1\g) 

B' + Bil {B'){Ag) 

( BHAg) 

::: r.B" ) ( Ag) 

B"~ 
+ B") Ag 

B'' ( BU Ag) 
+ B' + §if {Bn){Ag) 

Since these B concentrations are in the water phase, 

KE ::: x' KE + (1 - x') I(!,', 
w .~ .6 

- x~, 'f( ' + r, · n - Y:"~ J.. ~•~.; f'-T ' 'E l:.1 ~ 

K - Ki x' = E 
VJ 

KE 1.1 -

(16) 

(18) 

(19) 

(20) 

(21) 
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Discussion of Other Cis Trans Possibilities 

Cis and trans dichlorethylenes suggested themselves by their 

availability but it was found tha t these isomers are very dif.f" icult 

to keep free of ox.idizi:ng material$. EvG;n kept under carbon dioxide 

they generate oxidizing substances yv-hich \~itb acid and potassium 

iodide give t l1e deep blue starch color. Hence it w9uld be extremely 

difficult to obtain raorE:: or le ss permanent end--1>0ints in t itration. 

Maleic and f'umar i c acids. can be bromi:na.te€i tp . ..1t1.t.ti tatively by 

means of mercuric ion ea t alysis12 but maleic acid, unlike t'uraaric 

is quite soluble in water .. In fact the d_istr ibut.ion would pro-

bably favor the •1a ter phase enormously, causing mar\}~ diffi culties. 

At a higher ionic strength, say 4 or 5 , and if' the distribution is 

not too greatly in favor of the water, and with added nitl--ic ac i,d 

to keep the organic silver salts in solutiqn, it ma.--,;,r be possible to 

obtain good silver association constants. 

Tbis work on the <:is and trans 2-pentenes may lead to the 

determination of K
0 

for the other four pentenes and , further , may 

lead to a study of ·the effects of v~ious sub$tituent groups on 

an ethylenic carbon a-tom with regard to male-..ing electrons more or 

less available :f'.cr th.e silver complex .. 



Summary. 

!-'re,limjnary, analyt·:1.cal and d1s·tribut1on work was ,oarr1ed 

out w1 th isobuterie, 2il:mtene f cyclohex.en~ and diethyl fu~~ate,. 

'fhe• silver o.snoc1e.t1on conste,nte of a preptt~•a.t1on m1xture 

of 2--pentenee were meaou.red 1,y t.he d1st·r1bution • method and the 

same technique wn.s a ppl1.ed. to the pttre c1s e.nd trans 2-pentene 

1aomers. For t he ei.s, the silver ·constant K0 , • .0312 .:f.(*0003; 

for the trans;, K • .flll 1$/ :; )0001 • For the mixture Of 2-pem ... 
0 

tenes used, K
0 

• · .0163 1 .0002 , leading to t the eonclus1'on the,t. 

the n,1ixture was 74 •. l ~{ trans and 25 • .9 % els 2-pentene. 

By d1elect:ric cons tant mea.su.rements on the dlbromide -prep. 

a.ration f.rom the 2-p~mtene mixture, using the results of. prev­

ious work in this l~borat.ory, the mixture eomposition was f .ound 

t b 75 0 rt! 0 • 9 • . • /~ of the · tre.ns isomer. '.l'he agreement between the two 

methods 1s a.pprox1roatt~ly as: good as the exp~r1menta1 error- in 

K 1 1 ...; . , mime y ?t> • 
0 

The silver complex with cis 2 .... pentene is almost three times 

a.s strong a.s tho silver trans complex. 

'l'his e.ppa1•a,tua and met hod-$a.ould have a w1:de usefulness in 

dee.ling w1 tb mixtures of els and trans isomers and. 1n studying 

the effec.ts on the sllvor complex of va.rioua eubstituents on an 

ethylen'10 carbon . a.tom, 
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