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IERTHODUCTICN

Studies of the rate of conversion of ammonium cyanste into ures have
been carried out in & number of labtoratoriesls?,3,4,3,0,7,8,9,10,11,12
The earliest inveatigationslxz:B:A showed that the reaction is bimolecular,
thet equilibrium is reached at a low concentration of ammonium cyanate,
that a slisht side reaction leading to the formation of carbonate ceccurs
but 1s not dmportant uniil the later stages of the rescilon, and that the
reaction rate varies from sclvent to solvent, Further, the work of Vialker
and Hamblyl, “alker and Kay?, and Ross’ indicsted that tne reaction rate
depence: on colliisions Letween ammonium and cyanste ions., This ionic
mechanisy was later suprorted vy Lhe work of Warner and ‘:‘Jt.it,t6 or: the ki-
netic salt sifect cisplayed by the remcliorn,

Up until 1935 practically no systemstlic studies had bteen made on the
influence of ihe dielectric conslant of the solvent on lonie reaction
rates. Garner and narrick’ in 1935 studied the ammonium cyanate reaction
in water and in slcohol-water mixtures of known dielectric constants at
50°. lHowever, since this work was cerried out at one temperature only,
the effect of the dielectric constant of the solvent on the activation
energy of the reactlion cculd not be determined, The wors of Svirbely and
%arnerg in 1935 on the ammonium cysnate res-tion in isodielectric methancl-
water aixtures was the [irst example of reaction raie messuremenis carried
out in isocdlielectric media over a temperature range, All previous temper-
ature coefficient measurements had been carrled outl in constant cowrosition
solvents, whose dieleciric constante veried vith temperature. This new
iscdielectric work led te new actlvation ener;y ccncepls and resulted in

e considerable advance In our understanding of reaciion rates of lonic



species in soclution,
GOMIR

Kore recently Svirbely and coworkers have made systemalic studies of
the ammonium ¢yanate reacticn in several isodlielectric solvent-water mix~
tures over a wide dielectric constant range and over a temperiture ransge
of 30°,

However water is the only pure solvent in which aceurate, constant
composition, velocity constant measuremenis have been made on this reaction
over a temperature renge. It seemed desirable to atudy the reaction in
order to complete the previous work and to obsecrve whether an, new effects,
peculiar to the particular solvent, would sppear. This thesls reportis
measurements made on the ammoniuwm cyanate reaction in variocus non-aqueous
solvenis, namely methanol, ethanol, iscpropancl, and ethylene glycol over

8 tempersture rame of 30°.



THEORITICAL DISCUSSION

The mathemstical expressions for the rates of sisple first, second
and third order resclions s .. Junclion of congentraotion have long Leer
known. The expression for a sisple bivoleculsr resclion of the iype

A 4+ BB

is 40 dCp o
— NPT 2 m KO Cn 1
at at oAk 1)

where -dC,/dt and -dCp/dt are the tice rates of change of concentration of
species . and B respectively and k is & constunt known &s the zpecifiic
rute constant or velocity constent, Cbviously uils equation expresses
only the concentrstion dependence of the reaction velocity.

It hae slso long teen known that temperature has & very lmportant
effect on the rates of chemlical reactions. Many resctions doutile or even
treble ihelr velocity for a 10° tempersture rise. Arrhenius proposed a
muantitative relation for this effect, pamely

dink o E

e % 2
d7 T (2)
where k is the specific reaction rale constant, i ls the gus constant, T
the absolute tempersture, and & a constant whiech is interpreled as the

activation enerpgy wihieh must te supplied to molecules tefore they will

bh

reaset,

Inteprating and utiing into the exponentinl forx, ejuution (2) becomes

“

1 —-—

g = ze~B/HT (3}
where & iz an Integration constant. This constent 2 has the dlsensions of
e freguency and for many second order resctions hus Lesn siown to be egual
to the nuwiber of molecules collidiny in unit time. Thus the rate of a

chewical reactlon is equel (¢ the collision rute wuitiplied by Lhe fraction



of the molecules which are in the activated state. From this it appesrs
tnot the rate of & chemieal reaclion st any temperature could e calcu~-
lated knowing U and Z for the rescltion. & can Le czlouleted from collision
theory, while £ can be oblained from experiment ]l measuremenis of the
temperature cceffliclient of ihe reaclion rate, Applied to saseous reactions,
this theory has met wilh considerstle success. However when asltempts are
mede Lo apply 1t to rezctions in solution, it is guite inadecuste,
Moelwyn-Hughes in a review articlel’ revealed values of k cbs./k calc.
which varied from 102 ta 1C77. fttempts have been made, with little

f

Justilicalion, to obtain bLelier aprecment Uy irzloding n prolcoiility term
F, wiileh could sometimes Le theoretdcally ﬂ&}iﬁ&t@h. Thus tie resuliing
equation

K = PZQ-E/RT (‘,‘}
is valuacle wore as a plctorial approximstion than as a guantitative re-
lationsuip.

It is not surprising that the kinetie equation oblained from the
collision theory of gas reactions falls down when applied to solution
reactions, when it ls realiged thsl the setivalion energies ror solution
reactlons are oblained under the most dlverse experimental condiilons,

It is well known that for a specifie reaction, the ordinsry Arrhenius
eneryy of activation obtained from the varistion of the rate constant with
temperature depends upon the solvent used, upon whether the solivent is one

ol const.nt composition or one of constant dlelectric consiant, and upon
the ionic strengith, This is especially true for ionic reactions in solu~
tion. Any effect of ionlc strength may be eliminated Ly usir; rate con-

stants which h:ve teen exirapolated to gero lonic strensth, Thus this

leaves the dieleclric constant and temperature cs the known isportant



factors heving an effect upon kg, the rale constant ol zero lonic strength,
Sturting with the assusplicn that theee are the only izmportant fretors,
Svirbely snd Werner8 derived the following:

log k, = £(D,T)

d log kg alag héh

(5)
ar dJr Juo
maltiplying by 2. 3575 gnd integrating
. . &3_(3 &k 4
% . o= 3@*3*) P 23 o )
k?& i L * Jv v dT (6)

E% 0. is interpreled as the ordinary sctivation eneryy obtained in a sol-
venl of fixed cowposition, EOF ig interpreted as the activation energy
obtained in iscdieleciric sixtures over the whole temyer:ilure ranye.
Experimentally this eondition cesn be realized by varying the HZQ content
in a8 solventewnter mixture st esch tenmperature in puch & way as to maine

=8

tain the same dielectric constant. [J log k% is a meusure of the way k,
JdD

varies with charging dielectric constsnt at o constont temperature, %% ls
& messure of the way the dlelectric constant of the flxed conposition sole
vurles with tersperature.
nee the dieleciric constanis of sll comson solvents decrcuse with

ineressing temperature snd if tne rabe constunts rliso decresse witl ine-
creasing dieiectric constani, ecuation (6 predicus that ° shouiu be
greater than E9%,

The dielectric constants of most soiveuls abid solvent mixtures may be
expressed in the forw

D= ae”td (7)

where « and b are empiricsl constants., Hence gt any given temperature

ab - ...ﬁhfi'-%}? = kD
47 (2)



Sluce tne Lerm,tﬂlog‘ko of equatlion (6) is simply the slope uf & plet
JD i
of lox kj versus b, equstion (&) may ve written
5o 1o = 2,302 . (elope) (~bb
ke F.i" - A u- léo,jtﬂi . (8 0};&) -i }

Thus from exp-rimenis to deteramine the variction ol k¢ wilh I at constant

105_, ko

QD

tempersiure, (?  may be evalusted and then EO o = E°7D calcu—
isted.

N . b1 1 - ; - D :

The leatenard theory™™ for the elffect ol dieleciric constant on g,

the velocity constant at wero ionle strength, ylelds the relation

Ezﬁgﬁq 1 1 \
k r . ’;‘ h :-——-‘.&.-E- — - — (9)
In ko' = In ko = —m B, D

where ko' is the limiting velocliy constant in tne reference solvent, I

is the electronice charye, 2, and dp are tne vaiences of the reactlicy ions,
k' is the Boltzmann constant, D, is the dielectric constant of the re-
ference solvenil, and U is ihe dielectric copnstant of the puriiculur solvent
in wnieh the ko vsiues are obhbained, Differentlation with respect to D

witii the restriction ¢! constant temperature yields

Jlog k§> - Lz;hZQ (10
dD JT  2.3rkD<T

apainst D for & reactlon corried cut over a renge of dielectric constant

vilues at & single tesmperature, I the value of Q1o kol frow ecuation
S T
(1C) is substituted in equation (&) we obtain

- Naf. w1 )
ECp. ¢, — E9% =~ L e (b) (11)

!

Thus 505‘C. - %O“U can ve directly calculsted from physicsl constants snd
. ; . . P o XN
the resulls compured with experimenially detersined &7, ., = 50", velues
E - .

obtained from tesperature coefficient studies in constant conposition and

iscdielectric medls.



d log ke
> D

strai;nt line would not be obtednel from a log kK, versus . plot, Howsver

Equation (1U) shows that is & furection of 3, hence a

multiplying tnrough by U< leads to

. L
<J10& ke - E*Z. ip

(12)
J l/D T 2.3rk!'T

from whieh it can be seen that & plol of log kg versus 1/\ should give a
L
streight line, Thus since

cllog, ko
31, |1

we find that

50, . - w9% = 2.301% . diog ke(-b)

o o 0% = 5 oapy Tdlop ke T ,
or | 2 F.o. e 2« 3He . = (13)
CBYS J
Thus ancther and someshat more preferable metnouw of caleulating HOF.C. —ﬁ””n

is by evalualing the siope of & log Kk, versus l/ﬁ plot and substituting
this value into the right side of equabtion {13). Eouation (11) alsc pre-

dicts thal if £,Z, is unegative, which 1s true for reactions between ions

of cprposite char; e,
.. % (14)
winlle 4f L & 18 positive, whic: is true for ions o lixe charge
B0, C (15)

So far we huve confined curselves to dieleectric constant effects. Lf
however we know velocity constents at & fixed tempersture and clelectiric
constant as a function of the ionie sirensth (u) we can ind relations be-
tween activation enerpies -1t zero lonic strensin and scue {ixed lonlc
strength. The effect of tne lonic strength of ithe medium upon the rate of

regction has Leen treated by bronstedd® for the type reaction



A+ BSXTIC 4D
yielding the equstion

.0Ip

whnere i lm the observed veloclily constant ab a definite lonie strength,
kg ig Lhe velocity constant at zero ionle strength, and the f terms sre
the aetivity coefficients of the species desipnsted. Fouation (16) for
the case of the primary salt effect on & reaction «f lae typc
Wt e oxo
becomes
k=0 (17)

l+2iy0

where A 1s the Debye~Huckel constant in the relation

in £1 = =aZi*0 (18)
16

7 . . - s
Christisnsen and Seatchard later treated the problem theoretically and
arrived st identical eguatlions which may be wsritten
& :..'. aL

ﬁk'T(l+Km)

(19)

gll__E“ u - e
TROODR T is the usual Uebye-liuckel vilue., Differentiating

where £ =
equation (19) and multiplying oy KT a relation between E° and E at a
fized jondec strength is obtained vhieh for ithe mamonium cysnste reaction
may be written

3/215/253/ 24100, epg|l,, 410 v
(13/203/23100.L0TTR )2 d 1n 1

i = EC 4 8.35K10°KT% {4 (20)

For isodielectric work d ln D/d ln T = 0, hence the relation between (&}b

and (i°);; in this case becomes
1/ 253/ 24306, 5@V_

(F)p = (E9%)p + 8.35X100RT (22)

The values for (E~-E0) calculuted from equations (20) and (21) may be



compared with experimentslly obtained values., & somewiat simpler equation
may bLe obtalned by putiing equaticn (17) in the logarithaie fori, uiffer-

P 3
entisting, and seltiplying by 2T, The result is

o= R L2 5X10 15'“1 18402 (22)
(10) 248, 36x20%% 1n T
& thermedynamic theory of resction rates has heen developed by
Eyringla, La Her'? and others. This theory leads to the equation
k = 8L o8/h o-E/RT (23)

Kh
for the specific reaction rute, where I ls the entropy of zctivation and
the other Lerms have thelr usual significance. ine collision Lheory on

the other hand gave the eguation

k = pre~t/K1 (&)

Un comparison of ecuations (23) and (4) one observes that

T . § u/fi
P = §0 (24)
is the conditlon that the two theories lead to identical results. I, the
collision frequency of gas kinetics, is glven by the ejuation
1/2
_— 2 25

where (1, is the collision diameter and ¥y and M3 are the woleculsr
welrhtes of the rescting particles, If the sssumption is pade thet P = 1,

then equation (24) and (25) combine to

vn \l1/2
BE /i o N + X
i e/" = 500 127 ?"M’(“i s (26)

Un solving equation (26) for (T, snd mumﬁt;t%aiu, in approprizie
values for the pnysical constants, one obtains ror ihe simwonlum Cyanale

0 v . .
at 507 the folliowing relstlion



10

1 5 6713
log €1, =% T5n) ~ 60 (27)
Now 3 §R can be ghown Lo be egual to B, the frequency factor, of the egua-
tion in kT
(Ill us 4{7 ‘Li> .
lOg ko" - m + B (28)

for the case of rescilons in isodielectric media. Hence

log 03, = 2 = 14.020 (29)

Equation (29) may be used to test the collision theory in terms of the
thermodynamic theory by caleculating 0 j, from experimentally obtained B
values, If the collision diasmeters so caloulsted are physically reason-

able, the two theories may be said Lo be in substential agreezent,
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thssoad @ RITH LR P '?t“
BEADENTT AND APV iATUS

I. Heagents

ilver cvenste woe rrevared 2z fellows: 50 grams =0 L. F. §gﬁﬁj was
digsolved In 250 ce., of water, and 90 esrams of o rood prrade of ures wWas
dissoived in 350 cc. of weter. The solutions were filtered, hested sep-
srately to newr velling, mized in a darkened flssk, and heuzted for u short
Lime on a sbean bata. Ine mixture was then cooled Lo roow tempersture and
and filtcered tnrough u Buchner funnel into & darkened suction flask. ‘lThe
first smsll crop of crystels thus obtained woere always disecolored, hence
disecarded., Sometimes s second I'illration was carried out at thiz roint to
parify the [iltrate as much as possible., The filtrate wes then returned
to the darkenea Florence flask and heated under reflux on a stean bath for
a period of an hour. stiter cooling Lo rooin temperature the solutlon was
apain [iltered, and the silver cyanate erystals were washed with seversl
portions of lce water. The erystals ere sucked ss dry o3 pussilble and
placed in a dessicator over cealeluw chloride. The filtrste was then re-
turned to the stean bath and the above procedure was repezted s long as
any appreciatle quantity of silver cyanste cr stals was obtained, The
silver cyanatle orystais were of & long needie like shape aud were usually
gquite whilte in color,

An exactly 0,02000 molar soiutlon of KSCN was prepared Ly dissolving
the proper quuantity of the earefuily dried C, P. resgent in distilled wa-
ter and zakipg up to volume, Similarly, an exactiy 0.02800 wolsr solution
ol agNOq was prepered by <lesolving dried snd fused O. F. AghGy in dis-
Lilled water andg making up to volume, Hxperimental comparison of the

strengtna of the twe sciutions using ferrie slum indicator led to exact
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eenent «ith the cslculated ratio. Furtnermore, Lhe exuact strengins of

&

s

tie two solutlons were checked vy titrotlon apsinst wel hed sanydes of

pure NaCl., 1he results obteined sero (,2800, O, UL lor thie o=

{J»

280G, (.24
larity of the AighUy solution, Sinee the strengtn of the aghl3 solution
changed slishtly with tire, frecuent determinstions ol ithe &gﬁOB/EmGR ratio
were mode and the experimental value obtzined was use: in the experiments
carried out during that duy. The strength of the RLCK solution showed no
variastion with time., In some of the ewrlier experimenis curried out an
0.,03530 molar solution of AgﬁOB wag used,

Akeriof's?l

Ine solvents used were purifled, inscflar as rossivle, uy

w

’y

methods, since his values for the dlelectric constants were to be used.
Absolute meithanol was fractionally distille!, rejecting the first ang last
ne~tenth portions, The =middle portion way refluxed with enou h sodlius
1tz react with "ive per cent of waler, ard bthen fractionated ngain.
The ~icdde el nty per cont sas ecollestod, The entive sample dilstilied at
s conantent temnperature, snd had a refractive index of 1.3280 ot 229, ab-

solule ethanrol was trented in an identicel aunner. The purifled meterisl

73

\;‘*

distilied wbl & constanl temperature and had o refraetlve fndex ol 1,35
at 320. Isayropgnol WILS Eurifieﬁ Ly bao sucgessive [ractionsd distiliations,
discaruing each tlrme the [irsi ond dost cuts., The rnolerliel distilled ¢on-
stantly at 81.5% uncorr,) during both fractionalions and snowed 10 chun e
in refructive index, wtich wnas 1.3752 st 24°%, Zthylene gliccl was dried
over Razi0, for several weeks znd lhen vecuws distdlled, collectin; the
middle elgnty per cent. “his sniddle portlon was thern fructionully distilled
ab staospheric pressuve and the niddle cul esain token, This ciddle por-
Lien distilled &t a corviert terperctuy. snd cpve w refreoetl ¢ dndex of

1.4292 st 24°%. 211 fracticnsl distillaiions were carried out in & bhree

foot column. 411 refrsctive indlees quoten above assree, within a deviation
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of % 0.0002, with literzture values sfter redueing them to 20°,

The indicator sclutien wus prepared by saturating 3 molar nitric acid
with €., P. ferric nitrate or slternatively by saturating 3 molsar nitrie
acid with C. P. ferric ammoniwsa sulfate,

Analytical grade C. P, amsonium ohloride was used for the preparation

of ammonium cyanate from silver ¢yanate.

II. Apparatus

The velocity constant mﬁasure@anta wero carried oul in a water thermo~
stat provided with sfficlent atirring wnd exeellent tempersture regulation.
The bath was heated by a Cenco blade ha&tér, and stirred with a motor-
attached propeillor stirrer, 7The temperature vas regulated by means of a
mercury rggulator. The nombinatien of hester and mercury regulator were
capable of maintalning the temperature constant to Y 6.02°, For the
measurements at 20° it wes necessary to provide the bath with » copper
cooling ¢eil. By pussing & slow stream of water through the coll the bath
texperature could easily be brought to the desired teuperature,

The thermomeler used was a Fisher, nitrogen [illed thermometer with
a 100° range calibrated in tenths of degrees, This thermometer was checked
with & Bureau of Standards calibrated thermometer at the tesperatures used
in the experimental work, Furthermore, it was provided with & glass jaec-
ket which surrounded the exposed part of tht-mcrcury columi, maintaining
it at ronsanably constant tamperatnra, and prmtaeting it from suddsn
fiuetnatiens in room tempersture. Aan ;nxiliaxy'theymcmater was placed ln-
side the glasavjaéket'wiihvthe bulb a;ighﬁiy ﬁelaw the middle of the ex~
posed mercury solumns, 155 tharmgmeteg gave the mean témperature of the
exposaed meroury oeluwh;nwhieh then »as used for stamJecrrectiea caloulations.,

The true tenperature was then found by addin; the stem correction and cal=-



AV

1bmt,ion eomctinn ta tiw thﬁrmstar ?udinﬁ. Ey mmﬂw tables of
the cor ractiom :involme! ’ ﬂm thermt@r raa:iim wrr@spwding tca the dew
gired te:perature could quiekly be aacertained, A Beckmann thermometer
celibrated in 0,01° stem was ulsé plaec& in the bath to facilitate obw
servation of tamperatureAflactuatinnu‘

The resction flasks were 250 cc. glass stoppered Erlenmeyer flasks.
The pipsttes and burettes used in the w&m method were all sarefully
ulihratcﬁi; Al wcighinga were Mt with a previcusly ealibrated set of
weights, G5inee the gmeat_.ioni on the welghts were m small, they were

never used,
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EXPERIVENTAL METHOD AND DATA

The seneral method invoelved in cordducting z velociily experiacnt on
the ammonlws cyansate reaction was Lo prepare ammonium cyanste solulilons
of Lhe desired concentr.ticn by asgilating & kpown epount of anmoniw: chlor-
ide with an excess of silver cyasnuie in the chosen solvent, hen the re-—

.~ .

sulting solution wus (ree of endoriue lon, It wus Jil

3

.ered into the re-
actlion fiask, huated over an open flawe to apnroximelely the thermostat

tesperature, and then pdeced In the thermostat, after alliowis: sufliclent

tiwe for sstacddshument of teopersture ejollicriwe an Initisl ssmple was

withdrawn from the resctlon flssk end plpetted into o welgned Jilasa cone
taindng an excess of standerd silver cilrate solution., The flasx wus Lhen
apaln wel hed in order to obtain the axount of sao le withdrawn from the
reaction fiassx. a8 goon as possiile Lne precipitated silver cyanate wos
filtered off and the filtrate anslyzeq {or excess silver nitrate oy titra-
tion wilh standard ammondum thioceysnate using ferriec nitrate or ferric slus
as indiestor. &3 the reaction proceeded sarples were withdrawr b known
time intervuls zid treated in s sinllar manner to that described above,
The run was usually contirued [or o long encuph time Lo sliow the resction
to reach about sevenity per cent conversion of ammonium cyanste Lo ures,

It wes stopped &t that point vecause previous work had shown thal the back
resction becomes sppreciable at seveniy per cent couversion,

The method outlined ubove was upproxlmately the methoed Tollowed in
the experiments, out lor esch solvent many or the detwils had to e cone
siderably modilied. 4 detailed account of the method thot was employed,
when melbthanol wus the solvent, follows, Nodifieations which were {ound

to be necessary or desirable for the other solvents will e descrliued
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later,

An amcunt of smmoniwa chlorlde, caleulisted to pive wn smmoniuw ion
concentrotion of sbout OQ.07H, wias welghed out and sdded to 130 ce. of metn~
anol contained in a2 250 ce, Frlenmeyer flask. The flask was clamped inte
pesition and the contents stirred with a motor-driven stirrer, mounted so
ag to xeep oub moisture during the process, when the salt had dissolved,

a welighed excess of silver cysncte was added to the flask and the stirring
continues, After a pericd of ten mimutes the stirring was interrupted and

auzll sample of the supernatsant liguid was withdrawr to be lecsted for
the presence of chloride lon. This sample was filtered inte & few cec. of
0.1 ¥, silver nitrete szolution acidlified with & to 10 drops of nitric acid.
If a nrecipitete wus obtained, a 1ittle more silver ¢yanate wos added and
the stirring continued for & few rinutes mere. Usually no chloride ion

rexalned, however. ohen s nepative test for ehloride ion was obtained,

the {lazk snd 1ts contents were cooled in ice to slow down the conversion
of weroniun cyancle. The seclution wos then filiered torouwsh dry filter

paper inic dried reaction flask., During the filtration wolisture wes elim—
ineted ingofar se possible by covering the filter funnel with a woteh slass
and clesisg the neck of the rewcticon flask «ith sbsorbert cotton. The
filterea solution wes then heated over wn open flume Lo cpproximctely the
thernostut temperature and placed in the thermostet, Lfter {ifteen 1o twen-
ty minutes a 10 ec. sam le(approximate) was withdrawn and pipetied into
a welyhed flask containing 24.95 ec. of standard ﬁgﬁOB. #8 the rexction
proceedsd, 10 cc. samples were withdrawn at times so chosen that similar
concentratlon decremcnts would result. After rewecighing the flasks, the
solutions were {lltered, and the flasks snd precipitates were carefully

washed with severzl porticns of ice water. Then 5 ce, of 6, HﬁQB and 1
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cc. 0f the indicstor seolution were added to each {iltrate, snc the sixture
wag titraled withn standard KOOK to detersine the excess silver ion,

In some of the first runs o volumebric grecedure wuas used entirely,
Sanples were withdrawn frou the roaction flusk oiih o cadlurated Apelie
and alijuot portions of the filtered solulions were takeu for analysis,
However piputie errorg were consideraclc sue Lo fauldly drainage, and cone
cordant reaults were difficult to obtain. The method was finally discard-
ed in favor of the weighing method desoribed sbove, where a measuring
pipette was used to withdraw the sanple and the piount of saaple wus de=
termined by welghing., IThe welghling method nol only eliminsted the drain-
age error, but also reduced somewnal the possible ervor due to drop in
tespersture of the sumple during the tlime conswsed in pipetilin,. This re-
duction in error due to the shorter drainage tims for o measuring ioctte

as compared wilh an exact volumetric pipette muy te jqulte significant in

E

4

some of the {aster runs. another advantape was that he resction flagk
was open & much shorter time leaving lesgs chance for evaporatior of sol-
vent zud for introductlon ¢f moisture.
when ethanol was used ss seolvent the experisentsal method used was ol-

ozt identleal to lhat described zbove. 'The lower soluvbility of amwoniux
chlori.e in ethancl as compared with methanol made it irrossible Lo con-
pietely dissolve the szit vefore adding the silver cyanuste., However, the
reaction bebween silver cyanste and smmonium chloride forming silver clilor-
ide quickly reduces thne mmmoniws cnloride concentralion so tne undissolved
material can ;o inte selutlion and reaci, finally reuoving sdl chloride ion.
& period of ten to {ifteen minutes was usually sufficlent to remove all
chloride lon. &ince the rete of conversion of ammonium cyansie is mors
reapid in ethanocl then in methanol due to its lover dielectric constant, it

was difficull to eobtaln starting concentrations as high as desired. lHow~
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r hy coolling the solution after the first few minultes of stirring, snd
by allowlns less time in the hermostst tefore beginning to witidrsw same
ples, the Inltial concerdraticn couwdd o broeught to o rossonably hish velue,
In the case of the resctlon carried out in sthanol st 5&0 the Lime olliowed
to resch euilibrius was lowered to five winutes. However the tewperature
of the solutien wap trourht very close to 5C° before plocing in the therm~

.

ostut, and 1t was shaken vigorously during the five ninule poricd. The

]

results obtained be Lhis sethod were culbte satisfaciory.

vhen lsoprepsncl was used as solvent, the experimentsl difficulties
Lecase wuch grester. The very lew solublility of mmmoniuwm chloride in iso-
propanol coupled with the inereazed speed of converslon in this solvent
mode 1t quite impogsible teo obtain sterting econcentrztions of the desired
mepnitude., Since sood experimentsl results orn the ammonium cyanate reactlion
are rarely oblained st concentrations mueh below C,02i., scine method of
ocbtaining o starting concentretion somewhatl abuove Lihis value had o be
evolved., The method finelly svrrived et was to lpevessze the solubility of
azmoniwn ehloride Ly waralng ihe lsopropancl to 50°. The silver cyanste

ther added and the nlxlure agltated for Lwenty ninutes while ssivitalin-
iny the temperature st 30°. Then the mixture was cooled quicily by surround—

the {lask with ice meanihile continulns the stirring

minutes, By this metiod stertines concentritlions of anmonlien cyausmie in

the neighiornesd of C.O03k, were obtalned wmhen using encush ansouiux chlore
ide to give theoretically a starting concentrallion of T.06K. to G.08%.
Heating st nighor or lower temperatures for lenger or savrbler periods of
time ususlly geve poeorer yesults., The isopropancl alao gave difficulty

in the silver ieon titrstions. It had some eifect on the indicator, making

the erdpednt more dlifficull to ascertaln, and also caused fadin, endpoints
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doubtless due to some mdsorption effect. After considerable experience,
however, repreducible results were obtalned,

Ethylene glyccl, due to the high viscozlty of the pure solvent gave
diffievlty in the usual filirstion nmetheds. The method finally used to

filter the zamonlum eyanate sclutions in plycel was ore Invoelving suction

B

filtration with &« Buchner funnel, & wery tight srade of cuantitative paper

(no. 30) had to Le ussd Lo prevent silver chloride belny pulled through.

o

The materisl wus i1t

¥

ared directly inte the reactlion lusk teking pregau-

ticns to precluie molsture,

sttempts were also nmade Lo run the resctlon in glyeersl and in dloxsne
by the same general method, Howevor ammonium chloride was found te be al-
most completely insoluble in dioxane, and attempls to fliter or centrifuge
glyeercl solutions met with failure,

41l the experimental duta obtained are tabulated in Tables I through
XVI. The method of using this data to calculate the other columns in the

Tables will be deseribed in the next section,



250

60
125
165
216
250

*%-85 is the cc. of 0.02M K8CR = 21'&095 CCa
sarplcs were pipetted.

7493gm
&.002
7.823
8.035
8,163
T 9467

Ban

VoL, of cc. K3CH

SEEVLL

G.67ce
10.71
10.44,
10.51
10.31
10.35
10.25

9.Lbec
ic.1l
19.89
10.15
10.31
1C.04

{corr)

2.14
2.50
4.55
5.63
9.02
10.53
12.09

7.85
2,29
10.94
11.40
12.40
13.57

#1

3"’§ ofi5-ﬁc%

32.71
32.35
3G.30
29.22
25.83
2432
22,76

S e ]
oot
MY, GNO
L5 4

0,06632M
+060LO
05805
05560
05012
04702
oOlidsls

0.05713M
08253
JOLB32
LOLELY
« 04354
~C4LE81

Average ko = 0.0773

kot

L7
7.C
9.3
15.L
19.3
23.0

20

0.0783
0769
0768
0770
0772

0766

ave 0.0771

Lo
97
12,7
16.6
1%9.2

0.0783
Reyils
Rerans:
L0768

av, 0.0773

AghQs into which volume the



il
146

15.1
L5

50
155
156

TLBLE 11

ERIHYL ALCOHOL ab 300 D = 30.68

fun #1

VOL. of cc, K3CN 44,0P-cc, ESCN¥  CONG.

BAMPLE (corr) NHj,CHO
9.98¢ce 16,22¢0 27.%6ce C.05582M
9.98 18.4€ 25,62 05133
9.98 21.19 22,29 04586
9.98 21.21 22,87 L4581
9.98 24y . 37 19.71 .03950
.98 28,2 15.85 03177
9.98 28.20 16,08 .03222

Run #2
9.98¢cc 26.92¢cc 17.1éce 0.03439K
9.98 27.76 16.32 03271
9.98 29.30 14.78 .02963
9.98 29.30 14.78 02963
9.98 31.08 13,00 02606
9.98 33.06 11,02 02210
g.98 33.17 10.91 .021e8

Average ko = 0.270

#44y,08cc, KSCN = 24,95¢c. aghiCy

Kot

L9
11.9
12,0
22.2
39.3
38.1

L1
12.4
12.4
2L.2
41.0
42.1

k

0,288
271

266

264

273
2261
av. 0.2705

av, 0.270



per
LIt

(min)

2L

37

TaBLE 111

BETHYL ALCOOHUL at 40°

Vvol. of
SAMRPLE

10.26¢cc
10.21
9.83
10.14
11,44
11.39
11.35

12.,18cc
11..08
11.37
11.91
11.68
11.59

Run #1

D= 29,03

cc. KSCN  34.93-cc.xsomw CONC.

(corr)
13.20
14.63
19.83
20,27
19.94
21.34
22.80

9.68
13.32
16.88
17.06
18.59
19.61

21.73
20.30
15.10
14.66
14.99
13.59
12,13

KRun #2
25.25
21.61
18,05
17.87
16,34
15.32

NH,,CNO
0.04235M
03978
03052
JO2H92
02620
02386
02137

0.CALLTM
03902
03175
03001
02798
.02643

Average kg = 0,876

#34,,93 ce. KICH = 24,95 ce. AghO3

heb
2y o8
0.9
L0k
9.4
61 .4

hoh
20.9
25.8
32.2
37.4

ave.

ave
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TapLh IV

METHYL ALCUHOL at 500 D = 27.44

Run #1
TIEL Vile of cc. RSON  34.86-cc.%pson CCKG. Kot kKo
(ndn) SAMFLE (corr) M1, CNO
¢ 10.94cc 8.%90cc 25.96cc 0.04T49M
1 10.64 10.62 20 24 04560 2.7 2470
10 10.39 17.63 17.23 03317 27.2 2.72
13 10.65 1844 16,32 .03063 3he3 2.6,
16 10.63 19.83 15.03 .02828 K1.7 2,61
19 1044 21.18 13.68 02620 4946 2.61
ave R.66
Run #2
o) 10.31cec 10.46cc 2L 4Ccc 0,04732M
6 10.33 15.28 19.58 03796 16,1 2.68
13 10.57 18,90 15.96 «03051 3.3 2.6k
18 10,39 21.27 13.59 02616 L8.8 2.71
2 10.26 22.42 124y L2424 5648 2,706
24 11,09 22,28 12,58 02270 63.8 2,66
av. 2.68

hverage Ko ® 2.67

#34,.66 cc KSCN = 24.95 cc. Aghils
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TALLE V

FIHYL ALCOHUL at 209 D = 25,00

Run #1

TINE  ViL. of  ec. ESCh  34.88-cc, KSON®  CUNC. kot kg
(=in)  SAMFLE {corr) ki, CRO

0 10.14cc 3.01ce 31.87cc 0,086261M

24 1C.79 L35G 30,58 W05667T 7.1 0.208

54 1C.66 6.02 23,80 05417 10.5 .128

T4 1C.20 6.3 2795 JDBLTL SR A o194
102 9.59 11.43 23,25 JOLYES 15.2 .188
134 10.02 12.33 22,55 SOLLYY 25ek <150
175 1034 13469 21.19 JOLU96 33.6 152
226 4,83 25,86 .02 03731 42.3 187

ave C.193
Bun 52

0 10.62cc 3.93cc 30.95¢cc 0.05826M

45 10.39 8,03 26.35 05166 G0 04200
20 973 11.87 23.01 JOLT28 16.1 « 201
105 10.08 12,43 22445 OLLSY 21.2 «202
130 9.38 15.12 19.76 «04212 26,0 « 200
161 10.08 15.12 19.76 03921 32.5 «201
185 10.31 15.66 19.22 03728 37,3 _201

av, 0,201

Average kg = 0,197

%3L.88 cec. KSCN = 24,95 ec. AgNOj



TIME
(min)

0

2
30
57
71
86
100
21

36
L5

75

VCL. of

SAMPLE
10.52¢ce
10.54
10.72
10,38
1C.24
10,50
10.05
9.5¢

10.31ce
10.21
10.35
10.45
1G.18
i¢.12
10.58

25

TABLE VI

ETHYL ALCCHOL at 30° D = 23.55

Run #

ce. KSCN 34.85-cc. KSCH*  COKC. kot Ko
(eorr) BH;,CKO

5.7%¢cc 29.06ec 0.05526i

6.09 28,76 05457 1.2 0.£0
11.17 23.68 04416 18.5 616
15.72 19.13 .03687 35.3 608
17.39 17.46 (3412 A3.2 609
18.20 16.65 03170 51.0 593
20,06 14.79 02943 595 «595
22,06 12.79 02672 7049 2586

av. C.601
Run #2

10.04¢cc 2L.81cc 0.048L4k

10.65 24,420 04740 1.2 0.60
.46 20.39 203940 17.7 « 590
15.08 19,77 .03785 21.7 <603
16.58 18,27 .03590 26.9 « 597
17.95 16.90 -03340 34.6 <576
18.59 16.26 03071 43.6 _e582

ave C.591

Average ko = 0.5%6

#34.85 cco K3CR = 24,95 cc. AgRO3



ETHYL ALCOHOL at 40°

TIME  VOL. of
(rin)  SAMPLE

0 8.6lcc
10 11.30
24 11.16
29 10.96
z5 11.09
42 10.37
49 9.17

0 4.703ce
23 7.705
2t T.113
40 9.168
50 10.352

ce. KSCE  34.93-cc KoCN#®

{eorr)
19.27¢ce
19.45
20,60
21.76
22.54
24.23
26,11

3.87cc
.79
3.97
3.1
3.18

Average k, = 1.69

TABLE V11

Ran #1

15.66cc
15.48
14.33
13.17
12.39
10.70
8.82

Run #2
10.09ce
11.17

959
10.82
10.78

*34.93 ce. KiCH = 24,95 ee. AgKO3

D=22.20

CONC.
NH,CHG

0.03638K
Q2740
02569
«02403
+02234
02063
01924

0.04291x
02899
02809
02360
.02083

Kot

32.1
40,2
49.0
59.0
70.6
8l.2

26

1.69
1.675
1.69
1.686
1.68
1.66_
av. 1.68

1.79
l.61
1,69
1.70

ave 1.70
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TABLE VIII

ETHYL ALOUHOL at 500 D = 20.87

Hun #1
TIME YOL., of ce., KiCRH 34 .93-ce, K3CH Couc., kKot £
(min) SAMPLE (corr) WHCRO
G 9.39¢ce 15.32¢cc 19.61ce 0.03964)
i 10.16 15.06 19.27 03788 Led 450
7 10,30 19.5 15.39 02990 1.2 Aub
8 10.67 19468 15.25 02857 36.7 hadY
9 1C.24 20.72 1h.20 02776 40,3 Lokl
10 10.18 21i.22 13.65 02682 &y b Lottt
av. 4.495
Run #2
0 10.70ec 18.13cc 16.80¢ce 0.031408
8 11.30 21.47 13.46 .02383 35.2 hel2
10 1G.75 22.97 11,96 $02226 45.0 L350
11 11.69 22435 12,58 02152 5Ce0 455
13 12.10 22.62 12.31 02035 58.5 4450
ave Lot

Average kg = L.49
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TABLE IX

ISOPLUPYL ALCOHOL at 200 D = 18,62

Fun #1
TIKE  VOL. of cc. KOCH  34.88-cc, KICK®  CONC. kKot Kq
{min) SHMFLE (corr) NHLCHO
0 G.52¢e 21.05ce 13.83¢ce 0.02905k
3C 9.84 21.05 13.83 .02810 5.4 0.180
50 9.03 22.52 12.36 027328 Fe2 184
70 Fells 22.50 12.38 02679 13.0 186
100 9.41 22,68 12.2G 2593 18,2 182
193 .13 24,15 10.73 02350 35.1 _s185
av. 0,1834
Run #2
c 9.515¢ce  2l.25¢c 13.63ce 0,02864k
20 g.85 21,12 13.76 02795 3.7 0.185
LO 2.875 21.38 13.50 02733 7.3 .183
60 Fe Tl 21.86 13.02 02682 11.0 1835
85 9.46 22.52 12,36 02612 15.1 1775
120 10.15 22.14 12.74 02509 21.8 _sl82
av, 0.182

Average k, = 0,183

*%038 ce, KiCK = 2&095330 Agﬁﬂj
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TABLE X

ISOPRCPYE ALCOHOL at 30° e 17.38

Run #1
TIHE VOL. of cc. KSCH  3L.B6-cc, KSCON® GOkc. kot kg
(min)  SAWPLEL (corr) KH),CKO
0 10.52¢0 2G.26¢c 14.60ce 0.0277LE
5 10.30 20.80C 14,06 02730 3.0 0.t0
LG 10.51 22.19 12.67 02411 2h 45 612
58 10,33 22.79 12.07 02336 29.8 596
65 10.21 2314, 11,42 02237 38.7 595
80 10.4L0O 23,76 131,10 02134 h7.7 o596
100 10,58 24,18 1G.62 02020 58,6 <586
120 10,51 24,80 10,02 01907 7645 _.588
av. 04595
Run 42
o 10.23¢ce 21l.40cc 13.45¢c0 0.02630u
38 10.17 23.10 11.76 L2313 23.0 0.£05
58 1C.45 23.49 11.37 202175 347 e 598
72 10.36 24.03 10.83 02092 L2 « 587
a8 10.47 2451 10.35 01977 53.9 613
108 .96 R5.49 937 01883 b4he2 « 595
130 10.17 25,86 9400 01770 775 _+596
av. 0.599

Average ko = 0.597

*3&-86 CCa K&Cﬁ = %-95 cC, AENGB
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TABLE L1

150PLOPYL ALCCHUL et 40° U = 16.23

Hun #1
TIME ~ VOL. of  ce. KSCR 34.93-cc KiCN*  CONC. kot Kq
(min)  SAMPLL (eorr) NH), CHO

0 Y.83cc 20.44¢ce 1h.4Gce C.0294L9%

5 10.27 20,60 14,33 02750 9.5 C.190
15 10.07 22.27 12.66 ©.02513 28,2 .88
18 10.01 22.75 12,12 <024,34 3.0 189
22 10,66 22.39 12.54 ,02352 LO.8 <186
27 10.88 22,76 12,17 .02236 51.7 0192
33 10.77 23.36 11.57 02149 5847 178
LO 10.41 2k hh 10.49 JOR015 72.0 _s18C

av. ¢.186
Run #2
TIEE  VOL. of  cc. KSCK  34.86-ce KSCN#%  CONC, kot K
(min) SANPLE (corr) Ky CNC

0 10.29¢ce 20.84ec 14,02¢c G.02726k
12 10.18 22.55 12.31 02418 22,1 0.184
16 10.45 22.69 12.17 02330 29.2 .1825
21 10.42 23.32 11454 L0221 38.7 o184
27 10.35 24,06 10.80 02088 51.0 .188
34 10.38 24,52 10434 01992 6C.9 W179
42 9.95 $25.58 9428 01865 75.1 179
50 10.75 25.40 Gobb 01760 38,1 _e176

av. 0.182

Average kg, = 0.184

#34,.,93 ce. ESCHN = 24.,95¢¢. ﬁgﬁﬁ3 ®#3), ,86cc, FGUN = 24.95cc. AghOy



TIk
(min)

N oo B ©

10
12

o =0

0

10
11l

I50FH0PYL ALCCHOL at 509

VoL, of

SAUPLE
10.20ce
10.33
10.42
10.21
10,32
10.17
1C.26

10.6lce
10.56
10.56
10.35
10.44
16,20
10.91

cc. ESUN

(corr)
22.90ce
23.90
24 .38
25.07
25.14
25.51

25.90

21.25¢cc
21.71
22,30
23.56
24,20
24,12
2432

Average ko = 5.26

TABLE XIX

Hun #1

32#093"'»;‘(:. %

12.03(:‘:

11.03

Run #2

13.68cc

13.22
12,13
11.37
10.73
10.381
10.61

#3L.93ce. K:Ch = 24 ,95¢e. AgNOB

D= 15.06

SESY.ATA S
Wit @

LFAC§Q

0.02358K

02134
02024
01931
01897
01853
01761

0.025784

.02504
«02314

kot

20.5
32.1
L2.4
L6.8
5245
63.5

5.2
21.1
32.1
L6.3

N
[ %
L]

c:\

W
v
.

s

31

5.13
534
530
5420
5.25
5,28
av. 5.25

5.2

5.27
5.35
5.20
5.26

av. 5.27
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TABLE XIIX

ETHYLENE OLYCOL at 30°. D = 36.30

Run #1
TIME VoL, of ce. K3CH  34.8%-co. KGCN® CCKHC. kot Ko
(min) SAMTLE (ecorr) 4H, CXO
0 g.70¢ee 5.0bce 29.75¢ce 0.0684L73
70 9,00 6.64 28,21 06272 3.77 0.0538
100 €.93 7.87 26,98 COOLO 545 JO545
i35 9.0L .65 26,20 25798 7.32 o542
211 G065 10.70 24415 5327 11,4 L0540
250 2.85 12,10 22.75 H5119 1344 w0537
300 8.85 13.38 2147 LOLAS0 16.2 0540
372 752 17.87 16.98 04513 20,03 8539
ave Q40540
Run #2
0 S.1hee 7.32¢ce 27.53¢ce 0.06026k
105 .07 10.90 23.95 05345 5.7 0.0543
14 8,81 12.23 22,62 05136 7.6 SO543
175 .09 12.38 2247 JOLGL5 9.5 0543
210 8499 13.39 21,46 OLTTL 114 L0543
255 8.83 14.67 20,18 04571 13.8 0541
295 7.88 17.60 17.25 «OA3T7 16,2 0550
ave 0.0544

Average ko = 0.0542

#34 .85 ece, K3CK = 24,.95 co. Ag%OB



TIME
(min)

¢

b
30
38
48
60
76
95

TIHE
(min)

O
40
€0
75
95

110
130
150
180

#34.,86 cc.KSCN = 24,95 cc. AgROy

STHYL NI SLYCOL at 40°

VOL. of
SAUPLE

GebTce
940
Feb6
9.67
9.60
9.63
9.56
945

VoL, of
SAMFLE

9.87ce
Ge69
Felio
9.56
9456
9.62
914
g.11
7.97

cc K5CR
(corr)

6.91lce

7.70

G99
10,00
11.03
11.95
13.17
14.53

Tallr XIV

Run #1
3&»08\6"3@ « ES0OK%

27.95¢ce
27.16
24,87
24.86
23.83
22.91
21.69

20,33

Fun #2

B = 349

COKC.
KH,,CHO

0.05904M

05778
05259
05140
04962
04758
04535
« 04280

ec, KSCOR 34.85-cc. K3CN¥# CONC.

(corr)

2.87ce

7.97
10.21
11.31
12.85
13.70
15.89
17.05
20454

3l.%8ce
26,88
sty
23.54
22,00
21.15
18.96
17.80
14.31

Average ko = 0,180

NH, CRC

0.,064L80¥

05550
05210
04920
«04600
+O4397
«04150
03907
.03593

Kot

95
565
6.8
8.6

11.0
13.6
17.0

kot

T2
10.8&
13.3
17.0
19.5
22.9
2646

32.0

33

G.1%C
183
179
179
1234
179

=179

av, 0.182

ko

C.l8C
.180
1775
177
177
o176
1775

o178
av, G.178

##34.85 ce. KECN = 24.95¢ec. 4gNO3
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TABLE XV

ETHYLENE GLYCOL at 50° D = 33,21

Run #1
TINE VCL, of cc. KSCH  34.86-co, KSCH®  CONC. kot K
(min) SAMPLE (corr) ﬁﬁkﬂﬁﬁ

0 10.36¢ce 4.69ce 30.17ce 0.05822u
12 10.11 F.29 2557 05056 73 0. 608
16 .96 16.70 24.16 04846 9.7 606
20 .81 12.13 22.73 04632 12,0 500
25 10.25 12.38 22.48 04387 15.2 608
30 10,00 14.05 20,81 J041062 18,3 .610
L2 16.15 16,10 18,76 03698 254 =505

av. 0,606
Run #2

C 10.37ce 8.83ce 26.03cc 0,05020%

2 .77 10.84 24,02 04915 1.17 0.585
17 9459 14.76 20,10 04191 1G.15 <597
23 G719 15.40 19.46 03974 13.5 587
30 9.36 17.43 17.43 03724 17.8 «593
L0 9.39 18.81 16,05 L3418 2345 « 587
L8 9453 19.63 15.2 C3194 28.3 «590
70 $.56 21.91 12.95 02710 h1.2 _s529

ave 0,590

Average ko = 0,598

#34.,86 cc. KGCN = 24.95cc. Aghbsg
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{min)

0

8
11
14
18
22
26
30
35

N O

12
15
18
26

VoL, of

SAKPLE
%.79ce
9.60
§.55
9.30

10,04
740
9,065
9.41

10.42

9.83cc

9.83

9.2
10.00

(corr)
F.83ce
15.80
17.48
19.33
19.63
21.86
23.35
23.82
23.79

9.92¢cc
10.73
15.85
15.32
17.20
18.26
19.39
21.65
22.89

Average k = 1,80

TABLE ¥VI
LYLERE (10 YCOL at 607

41

Run #1

ce, KACH 3k ,86-ce, KSCHE

2%,05%¢ce

19.06
17.38
15.53
15.23
13.00
1Ll.51
11.04
11.07

Run #2

2 .94c0

24.13
19.01
19454
17.66
16.60
15.47
13.21
11.97

e ] ]
i.st}

ATt al

wililv e

HH; CKO
C.UBiLGH
L3572
03640
Q3341
03034
02707
02540
02347
02125

0.G5074K
OL%10
<04115
03708
03604
L3374
03138
02644,
02425

35

av. 1.87

1.73
1.71
1.72
1.69
1.71
1.74
i.7h
av. l.72



CALCULATIONS AND DISCUSSICN

The method of caleuwlating kg the reaction rate constant, at zero
ionic strength can be followed b5y referring to the data in Table 1. The
columns headed Time, Welght, and cc. of KSCK consist of recorced e peri-
mental data. ‘the data in the column headed Vol. of Sample is calculated
from the weipght dala using Lhe density of tiie pure solvent at the specified
temperature. All density cats was either taken from Lhe Internsllional
Critiesl Tables or calculated from formulas given i Lhe same tables. The
data in the fifth colusn is obtained vy subtracting the nuaver of ce. of
K5CK usec in titration from the cec, of KECKN equivalent Lo tihe sdder excess
of AgNO4. The resulting figures are the ce. of 0,02M K5CK equivalent to
the amount of NH;CKC present in ihe withdrawn sample. The concentrztions
of KH;CNC are calculsted by multiplying the ce. of K5CH(0.02) and dividing
Ly the volume of the sample. The limiting veloclity constsnts were then

caleulated by mesns of the e uation

« t = 16AVC _ 144aYC,
3 c Co

which previous work! has shown holds ressonably «ell for resctions Letween

urdike univelent ions in & chenging lonic environment. A in thls equation

is the Debye-Huckel constant previcusly referreu to, (g is the initial

concentration of RH,;CNO, and C ie the concentralion of L ChU at any tinme

t. Thus in the seventh colwan in Table I the first value of liﬁézgjrwhich

gcorresponds to zero time, becomes éi&%lé&, Subtracting this figure from
laL AYC o

i gives the k.t values of the next column,.

Dividing kot by the corresponding time ylelds ko values for each experi-

the subsequent values of

mental concentration following the initial one. Constancy of the k, values

Lhroughoul a run is a messure of the reliability of Lthe experimerntal detia,
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The average velue of the avers;ed kgo's for two dupllicale runs ls taken Lo
be the true K, for thet solvent and te-perature. Tebles 1T lhrough XVI

omit the weipht and ;iééﬂg

columng in order to eliminste the crowding of

Iri the derlvetlion of the eguallon for caiculatlion of i, Jusl descrived,
the 1iriting Debyve=llucikel theory hus veen used, The wvalidity of this
Devye-tuckel theory in low dielectric zonstant wsedils is cuestionsble, 1t
is posvivle bo treal the drts Ly grephileal means ito caleulste k, and thus
corpere these metihovs. The grephiecul metnoo iv deseribed in the material
wiich followe, Cince the rzte equatlon for a simple pimolecular reactlon
may be written

48 g2
5t = kC

for the case of equul starting concentrationsz, it is obvious that a plot

i+

of = ve. t should be independent of concentrastion and give a straoight line

¢
eof slope equal to k. Howaver in reactionaz Letween ions, the ionic atrength
of the nmedlum affects the reaction rate and ine % ve. ¥ plot is found to be
curved, The slope of this plot sl zero ionic sirength would give k, for
the reaction, if it were possible to determine it accurately. The slope
at an; olher polnt on the curve would give a k value for the corresponding
ioniec strength. If the values of k3 obtained from the slopes are now
plotted sgainst the correaponding value of Vu, then on eﬁurapolatkaﬁ to
Yyu=0, it is possible to obiuir a value of k,. Previous work has shown that
this method leads to essenti lly the same vilues as those oblained 1y iLhe
analytical calculation method in solvents of not too low a dieleciric con-
stant, The use of the Uebye-Huckel limiting law in such solvents is thus

upheld by experimental evidence within the limit of experimentsl error.

Equation (17) also gives us a relation vetween k, and the k) value
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ki(graphical)

50° J2LE

60° 720

30° 162
[

276

graphical sethods

kl(aalc. by €q. 17)
$24L3
o718
162
« 280

The agreement is good and so for all future calculalions of k, at

Yu = 0.l%h, equation (17)

experiment has been carried cut ai thal

will te used

regardless of whether or uot the

particular coneentration.

Table XVIII contains the complete list of kg and k;( Vu = 0.194)

values obtained in the four solverts zt tLhe various teaperatures.

+

YLt
SOLVERT 20

TABLE XVIIX

O
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ke k3

Y¥ethanol 0.0772 0,0280

Fthancl 0.197

0.0550
0.0364

Isovropanol 0,183

Glycol

Glycol

ko

0.270 0.0962 0.876

0.596 0.162 1.69

1.8,
0.1£0

C.597
04542

U.114
0.0228

1

Ky
0.305
Cobdi5
0.336
0.0746

2,67 0.907
1.14

0.910

hok§
5426
0.593 0,243
60°

1.80 0,718



Graphs of -log i, vs. 1/t and of -lo; ky vs. 1/7 for ihe four solvente
are pglven in fipures I, 1I, III, and I¥. It way be observed ihat the
points 1le on a strairhi iline in ever; case. The sctivebtion energy(E) and
frequency factor (B) terms for each solvent, as oltalned Irom these graphs

using equation (28), are glven in Table XIx.

r% s Q rg bt (}012&
E B

827

SOLVENT E®
Yethyl 4leohol 22230 15.45 203%0 13.71
Ethyl Alechol 19650 13.92 15300 10.27
Isoprepyl ilechol 21100 14.97 18930 12.70
Ethylene Glycol 23620 16,27 23320 15.15

The amronium cyenate roeaction has Leen cavried cut in leodielectric
golvent=witer miztures Ly Ovirbely and coworkers. Uy application of equas
tion (13), using & slope taken from s log ko vs. 1/D plot, the empiricsl
equation

gﬁ?.ﬁ, - Ew = o T/ZJ‘ (3‘0)
relatin, the fixed cunpositlon and ilesudiclectric activation enerpies is
oblained. The euplricual constent, g, was fouwsd to be eyual to W0, 620,
and L0%5 for nethenol-waler, laopropanclewuler, ard plyeoi-waler mixtures
reapectivel), reisrred Lo waler at §G@, Uireet caleulation from ecustion
{11) yieclds & constant = 778 reflexrreg to waler ot 5U§, it & ressonuible
value for v (2 4 JLO‘“8 o) is assumed. In the next table experimental
Eﬁﬂgﬁ - 5% values, ovtained from ;revicus wara,§,1ﬁ:11 are given {or sev—
eral dieleclric constanl values in three Jilferort lsodiciesirlc solvente

o

x [ 1% . - 154 B R
water medis, compardson ls made wilh values of &Qﬁﬁa - % galouinied by
[
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means of the constants yiven sbove,
TAULE XX

&%
Eo};zg - E® Values

U of Isodielectric kedia E°H20~E°§ E°H20-Eﬁ%

SOLVESRTS . N slope eguation
63.5 55 150 Lo 30 20 pmethod (11)
CH30H=HZ0 L7450 5040 5740 5990 LE60 3600
180—-C3H7OH=H,0 2830 2750 2840 2830 2700 5800 2860 3600

It can be seen that the agreement in AEP values obtained experimentally
and by the method of slopes is reasonably pood in the higher isodielectric
media. ‘This elope method may te inspected by referriny to Figure V. This
graph coritains plots of lop kg vs. 1/b for three solve:t-water mixtures at
500. It can be seen thai contrary to the rredictions of eguation (12) log
ko does vary with 1/D and a constant slope is not obtaired. 'the only term
on the risnt side of equation (12) wiicn could corceivavly very wit: /B
is r, the distance of closest approach. In applyin: the slope zethod to
E0H20~Ec% caleulations it wes mecessary 1o take slope values irox the high
dielectric constant portion of the curve in order te obltaln resulis in a-
greewent with theory, This corresponds to selecting {row experiment iie
correct r value for the mediva of that perticular dielectric constart., It
1s interesting to note that the curves in Figure V tend to stralghteu out
at both upper and lower ends giving reasonably constant r values for solu-
tions as the mixed solvent approaches elther of the pure component: of the
mixture,

Values of r for EHQOMO have been calculated by means of eguatlon (12)

for slopes taken from both the hirh and low dlelectric constanis portions
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of the curve. These v-lues should correspond approximately to the r values
of ﬁHhCEO in pure water and pure non-aqueous sclvent, Using these values
of r, new a values have been calculated «ith the aid of equaticn (12).

- - Y3 £y
ECw A -9 values have also besen determined by means of equation (30) for

each reference solvent. Table XXI tabulates the values of r and a and

EOF C -1%" calculated by the methods deseribed above. It alsc contains,
- -

- (3% . - P
for comparison purposes, values of ﬁof o ~£%" calculated for & velue of r
- *

y =24 10“8 cm., as well as experimental values of EY

¥o0 - .
e e

TaBLE X1

SOLVERT REFERENCE r R A e A A
EIXTULE SOLVENT (re2x10~8em) (exper. )
Methanol- lethanol 5486 4L6C 5420 10460 4120
raber Water 1.61 967 4470 3600 5470
Isopropanol~- Isopropancl 5.88 40l 8600 25300 350
fater Yater 2,31 o74 3120 3600 2850
G}ycol- Glyecol L4l 386 3750 8270 3670
Tater Viater 2.43 6,0 2970 3600 3620

It is essily seen that when experimentally oblalned f velues are
uced in EGF.G.-QG* calculations, the agreement with experimental A¥ values
is considerably better than when a constant r value (2 X_IO's) is used.,
Ffurthermore the r values are all of the ripght order of masnitude and the
agreement between r values based on high dielectric constant slopes for
the different solvent-water mixtures is f{eirly good.

Zquation {20) has been used to caleulate theoretically the differ-
ences between the actlvation enerpies st Yu = 0 and at Wu = 0,194 for
the amuonium cyanate resction in vurious pure solvenis. The theoretical

¥=i0 values are compared with experimentally obtained ones in Table XX1I,



L2

The data for water is taken f{rom previocus work®. The calculations are

based on a temperature of 50°,

TaBLL XXII

SOLVENT E~E°(exper.) E~-E9(calc.)
tater - 340 ~ 210
dethanol -184L0 -1080
Ethanol ~4350 -2060
Isopropanol ~-2170 -69950
Glycol - 300 - Th5

It can be seen that while the agreement is reasonably good {or water, it
becomes poorer 28 we po to solvents of lower dleleciric constant., This is
not at all surprising since equation (20) is based on Debye~Huckel activity
coefficient relations, which are known to be insdeguate at low dielectric
constants.

Equation (29) has been used to calculate 0o values from tue experi-
mentally obtained B values which are listed in Table XIX., The calculations
have been made for the verious pure solvents, end alsc for seversl isodi-
eleciric mixtures, taking date from previous work?»30:11,12 0 54006
chanped with dieleciric constant for mest cf the isodielectric medis, b
values corresponding to intermediate dieleciric constants were cnosen for
this comparison. The results are shown in Table XXIII, which iz given on
the next page.

It is immediately apparent from this table that equation (29) is
valid only for isodielectric media. The 612 values are of the correct
order of magnitude only in the case of isodlielectric solvents where

conditions sre more nearly comparable to thoze in the gasz phase, These
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Fixe@ Compesition 12 iﬁoiiglectric 12
wolvents solvents
water 23.2 & 1078 Uioxane-woter 2,40 3 1078
kethanol 5.7 ethanol-water O.74
sthanol 8.7
isopropanol C 292 igopropanol-nater LeTY
Glycol 430.3 Glycol=-water 2429

The comperisong which have bLeen made between theory snd experiucent
in the preceding materiel are fairly sstisfactory consicering the approx-
imate nature of many of the enustions. The assuiptlon that dielectric
consbant, temperatuse, and lonic strenglh are Lhe only important factors
affecting lonic resction velocities may not be entirely wvalid, Cther
solution propertles such as viscosity and densiiy way conceivably have
some effect. ‘'Ihe fact that limiting rale constants determined at the
same dielectric constent and tomperature in teo different solvenis often
show 1ittle ggreement grgues that there are {sclors specific for each
solvent that affect reaction rates., Figure VI shows & plot of log k,
vs. 1/0 for the five pure solvents in widich dete on the smronium eyznste
reaction 1s now availsble. Uince the plotted log k, values are for a
aingle temperature, and since we have previously shown that a plot of
log kg va. 1/ should be independent of dielectric constsnt, the points
should fall on a streight line if U and T zfe the only factors affecting
Koo 1t may be observed thal three of the points fall on & straight line

while the other two fall on either side of the curve. The fact thal water,

glyeol, and ebthanol fall on a straight line seems to argue a fundamentsl
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gimilarity betweea thesme solvenis, al least in thelr effects on resction
rates, Zince 1l electrostatic effects have been eliminated in this
treatment, tne propertles esusing methenel and isopropancl to deviate
fron the othor solvents must be primarily due to physical properties of
the respective molecules, such as shape, size, degree of asscciation,
degree of szolvation, and polar cheracteristics.

It was previcusly noted that Figure v, wiich is & plot of log kg
against 1/D for solvent~water mixtures, docs not give a struipght line
relation. The explanation nas teen advanced that this type of behavior
is due to the zallin, out of the leas polar component of the mixture by
the added ions. Scatchard<V sug; ested thut thls salting out explanation
could be tested by veloclity constant data obtalined in pure solvents, If
it shculd be found that the plot of log kg vs. 1/0 for the reaction meas-
ured in pure scivents gilves a constant slope, the deviations from linear-
ity shown in Figure V may bLe adequately explained purely on the hasls of
the saiting out eilect. Figure VI shows how well this reguirement of
constazney of slope is met. Jpparently salting out does oeccur in solvent-
water mixtures, but in addition coxmpliecating factors, such as were pre-

viously mentloned, are probably present.
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The possivle sources of error in the exierimentel deteraivations
are numerous. JThey may e summarized ss errors in teaperature control,
tize reading, welghing, and analytical method, 3Since the tewm erature
was constant to within & 0.020, except alt rare instances, and sinee great
care was teken to assure its correel absclute value, the error involved
in the temperature should be insignifigant., Iilowever the drop in temper-
ature of the withdrawn sample during the time consumed in pipeiling may
have caused sn appreclable error in the measurements at the hlrher Len—
prerstares.  Since the recorded times, waieh were tizes [or hall drains;e
of the saampde into bhe silver nitiale solotion, were read fron an accurate

stop waten, the tinding errors shoudd be small except for tiae very fast

b

runs. Lluse bhe wel hlap lnvelwed large sasples, welgnling errors als
should be Inapprecisble. In contlrust, however, lhe erpors involved in
the enalytical nothod were probably of corsidersble magnitude. oclubility
of silver cyanate, insuffliclent wasning ci the sllver cyanate precipitate,
anu adgorplion of silver ions by ihe silver thiveysnate precipitate during
titrotion wers probably the chief anglyticel errors.

It is difficult to evaluate ihe probable magnitude of the analytical
errors. ihe counstistency of the experimental resulis is probally the
best check on the reliability of itne methods involved. In Lhe worst dase

2

uplicate k, values, obtained {rom separale runs, spree within s precision
of 4.2 per centl. The ususl sgreenent 1s conslderably Letter than this,

and in ihe average case tne precision of duplicate resulis is about 0.5
wer cent,

There are two systematlce errors that shouwld be discussed. Une is the
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use of pure solven!t densities in calculating the veolumes of the samples
withdrawn, For the dilute solutions involved in these experiments, the
error involved in this approximation is small in comparison to experi-
mental error. The other possible error is invelved in the use of jkerlofl's
dielectric constant values for the pure solvents. iHecause of the possi-
bility of molsture sbsorption by the purified solvents on standing and
during an experiment, it is conceivable that the sctual dielectrie constant
of the solvent might vary somewhat from Akerliof's vslue. Furthermore, the
presence of ammonium cyanate ionz has some effeet on the dielectric con~
stant of the scivent, hence the dielectric constant of the medium is not
identical with that of the vure solvent., The exact magnitude of this
effect is not known at present, tut is probably small.

The degree of relimbility of the asctivation energies which have been
determined is difficult to estimate, However they probably are correct
witnin 4 15C ealories, which is the reliability clalwed by other investi-

jators working; on the same reaction,
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SUMMARY

1., The rate of conversion of ammonium oyanate to urea has been studied
over a temperature range of 30° in the pure solvents, methanol, ethanol,
isopropanol, and ethylene glycol.

2. The experimental results have been compared with results previously
obtained for the szme react on in weter and in isodielectric mixtures,

3. The observed influences of dieleciric constant :nd ionic ctrength
upon the setivation eneryy for the reaction in the pure solvenis are in
good apreement with theory only in ethylene ;glyecol and water (previously
studied).

4. Values of r, the distance of closcst approach, sre found to vary
witn the solvent, Lecoming larger for lower dielectric constants,

5. The collision znd thermodynamlic theories of reaction rates are
shown Lo Le in substantial agreemcut when compared under similar conditions,

6. The salting out effect explanation for deviations from linearity in
plots of log k., vs. 1/D for solvent water mixtures has been substantially
verified, however the situstion is complicated by other disturbing factors

in some solvenis.
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