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1.

INTRODUCTION

The substance cyanogen chloride was first prepared by
Berthellet in 1787 by the action of ¢hlorine on hydrooyanic
acid. He ocelled it "oxidized prussic acid”, but did not
apply eny formula to it. Gay=-lussac(l) in 1815 made a more
complete investigation of this compound, assigning 1t the
formula CKC1l from & consideration of its chemical properties.
He found that cyanogen chloride oould be prepared by reacting
moist hydrocyanio soid with chlorine, or by the action of
chlorine on dry mercuric eyanide. The physical constants
datermined by him for cyanosen chloride are not acourate,
because his product was impure.

Serullaa(2) investigated the preparation of oyanogen
chloride and found that moisture racilitated the reaction of
chlorine with mercuric oysnids, while sunlight was detrimental
to the reaction. !is product sontained hydrooyanie scid,
eyanogen snd chlorine., Wur$z, WBhler, Cahours and Clqez in-
vestigzated cyanogen chloride, but they employed the reaction
of ohlorine with hydrocyanic acid or mercuric cyanide, which
yielded a product contaminated with hydrocyanic acid and
chlorine, and perhaps also cyanogen. The former impurity

is especielly diffiocult to remove, end %urtz believed that
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& molecular compound corresponding to the formula 2CHC] *HCHN
was formed during the resction of chlorine with hydrocysnie
acid, but Haumann and Vogt showed that no such compound
existed. Wurtz removed HCN by treating the CHCl with mer-
curic oxide. He showed thet the product was steble if pure,
but 4L hydrochloric meid end chlorine were presment, polymeri-
zation to oyanurie chloride, (CNC1l)z oceurred,

Langlois(3) employed slkaline cyanides instead of mer-
curioc oyanide, but found thet efficient cooling of the reac~-
tion vessel was neoessary to keep the reaction under control.
Hantzsch and Mai(4) nodified this procedure by adding potassium
eyanide to water saturated with chlorine im an ice bath,
Held(S) proposed the addition of zinc sulphate to the potaasium
oyanide solution in lLanglois' method, stating that the mixture
was then more stable to the action of ehlorine. Hauguin and
Sinon({6) investirated Held's method, and found that it gave &
purs product if the ZnS0e¢ and ECH were 1in the proportion corres-
ponding to Zn{Ci)g°*2KCN.

Jenninge and Soott(7) in a thorough investigation into
the preparation of cyanogen chloride obtained poor ylelds
using Held's method, and proposed a method similer to that of
Langlois. Their method 13 described in detall below.

The stmoture of oyanogen chloride has been the subject
of mueh controversy. Cyanogen chloride reacts somewhat 4if-
ferently Crom oyanogen bromide and oysnogen iodide, and the
consensus 1s in favour of the iso-structure

CleN3C
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although some investirators Lslieve that two forms exist, the
iso-nitrile and nitrile structures. It would be irrelevant
here to enter into & discussion of the structure of CHCl.
This {8 disoussed at length by Chuttaway and Vadmore(8),
Grignard(9) and others.

Cyancgen chloride was used as & war gas in Cotober, 19186
by the “renche It was eaployed slone, 2né also mixed with 4sClg,
which was alleged %o stabilize 1t, under the neme "Vivrite".

It has feir leschrymatory action, and is & very toxio substance,
poisoning by oyanosen chlorids being similar to that of cya~
nides, dbut more severe. Owing to its non=persistent character
it was diTfiocult to obtain a lethal ovoncentration in the ield.
Kecent interest in ¢yvanoren chloride has been aroused by the
disoovery that most service respiretors offer very limtited pro-
taction against this gas when the chearcoal contalns molisture,

thmt is, under ordinary conditions.
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PREPARATION, PURIFICATION AxD PHYSIC AL PROPERTIES OF
CYANOGEN CHLORIUE

It was desirable for the present studies © hava cyano=
g£en chloride of high purity. This was acoumplished by pre-
paring the naterial according to the method of Jennings and
Soott(7), with modified sabsequent treatment for purification.
The method of Held(4) as applied by Zappi(lC), and the method
of Jenunings end Scott were investigated, as they are reported
to mve given the purest cyanogen chloride. The latter method
was found to give & good yleld of pure product, provided
certain precautions were taken. Zfficlent cooling and stirring
of the reaction mixture were necessary, and care had to be
taken that all the sodiun cyanide had reacted before the resc~
tion was stopped and distillation begun, otherwise a reasotion
took place bdetwesn the sodium cyanide and cyanogen chloride
yielding & black solid. (mite often a slight excess of
chlorine was added, and eny Iree chlorine in the distillate
was renoved with mercury. The chief inmpurity remaining in
the cyanoren chloride after distillation and treetment with
meroury is ocarbon tetrachloride, and the percentage of this
substance can be reduced to a mmall aemount by passing the
GNC1l through a fractionating column and by crystsllization of
the distillate.
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Three hundred o6.c. of carbon tetrachloride were placed in
a2 one~litre t'ree-necked flask fitted with a thermometer,
stirrer with meroury seal, and bubbler containing water. The
chlorine delivery tube was joined to the side of the flask,
near the bottom. Two hundred graus of .erck's Leagent sodium
cyanide were conditioned to approximately 2% moisture by
spreading the solid on & plece of pasper and sprinkling it uni-
formly with four c.c. of water from a pipette. The scolid was
now groand, a small amount at a time in s mortar, and trens~-
ferred to the reaction vessel, with eontinuous stirring to
prevent fommeation of lumpa. The flask was cooled in e nix-
ture of ice and salt, so that the tempernture fell to ~3°C.,
or lower. Chlorine from a chlorine cylinder wa:z then passed
through a bubbler containing water or carbon tetrachloride
inteo the reamction vessel &t such a rate that the temperature
did not rise sbove 0°C. Soon the reaction mixture became
flesh-coloured, and remainsd this shade until the end~point,
when it appeared darker. Chlorine was passed in for eight to
trelve hours, the time required depending on the efficiency
of cooling. At tho end~point, the odour of chlorine could
be noticed at the outlet tube, and the teuiperature of the
reaction mixture dropped.

Yhen the renction was judged to be at an end, a frac~
tionating column and calecium chloride drying tube were fitted
to the reaction flask, and the salt=ice mixture was repleced
with water at 15 = 20°C. which could be heated near the end
of the distilletion by an elesctrioc light bulb immersed in
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the water. 4% first, the frzmetioneting column consisted of a
water—jacketed condenser the inmner tube of whioch was packed
with & series of glass discs, and about which water at 13° to
14°C. was cirouleted. In lster nraparations, & simple tube
about eightean inches long illed with copper gauze was om~
ployed with satisfactory resuligs. The gaseous CHCl passed
up through the frastionnatins column, down through the caloium
ohloride tube, into 2 trap or large mipouls immersed in an
foce=bath, where it oondensed. Distillstion was stopped when
the t@ﬁpm‘@izm inride tha maétiﬁsm flask rose to 40°C, If
the distillate contained free chlorine es indicsted by e
greenish colour, meroury wes added to the liquid, and it was
sheken occasionslly. The pnurified CHC1 was distilled off
from the residue.
, Various methods of purifying oyanogen chloride were
studied. The methods doseribed by Flemene and Yegner{ll)
wore trieds. “ractionsl distillation at reduced pressure st
«78°C+ did not remore the laust traces of chloriie, and dis=-
tilliantion throurh & suspension of zine oxlde and caleium
carbonate caused a lowering of the freezing=point of a
fairly pure sample of ClHCl, probably as & result of hydro-
lysis. Chlorine was not removed satisfactorily by srsenic,
antimony or zine metal. ure oyanogen ohloride could be ob-
tained by frastionel erystallization of the distillste from
the Jennings and Socott nmethod(12).

The water=vhite liquid was frozen in the trap or smpoule

used as a receiver, uatil it was 8C% to 90% solid. The mother
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liquor was poured off, the solid was remelted, and orystalliza~-
tion repeated until no further rise in the freezing-point
occurreds. VUsually three recrystallizations on redistilled
CiiCl prepered by the above method were sufficient to give a
produnct better than 99.5% pure.

The purity of the cyanogen shloride wes determined by
the nethods of Msuguin ané Simon{6). The rfirst of these in-
volved hydrolysis of cyenogen chloride in en excess of standard
HaeCH, and baok titrstion with stardard HgS04 to & phenolph~
thalein end=point, oare belng taken not to make the solution
acid.

CHCl ¢+ 2lla(H —~— NalNO + EaCl

If o measured excess of Hp304 wes then added to the
nentral solution, and the solution warrmed for some time, the
HOCH was comvorted to (3Hg)eSO4

SHOHO + Hpi0y —> (HHg)2504 + CCp
and the H»504 could be back %titreted with HaCH using methyl
red., 4 third method consisted of titrating the ochloride after
diluting to 250 c.0e 8nd taking an aliquot part, using €.03
N Aghi0z with dichlorofluorescein as indicator.

Two methods ware esployed to get an accurstely known
agmple of CHC1l absorbed in NeOH. In the method 4, a convenient
antity of ligquid CNC1l at 0°C. was poured into 50 ml. of
0«88 oarbon-te=free !1a0H ocoled to 0°C. The flask and NaOH
were weighed bafore and after adding the CHCl at room tempera~
ture and atmospvherie pressure. The mixture wes allowed to

stand st room teiperaturs for an hour or more before back
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titration with Ilpily, to eusure cu.plete hydrolysis of the CHCL.
In mathod B, the CLCl wes placed in little visls made of
6 mn. soft glass tubing. Yach of these vials had a solid ¢ip
bent at en aingle and seratehed so that whe.. the stopper was in-
serted, the vial broke at this point, releasing the CiiCl. Li-
quid C:Cl, sealed in a vial, was weizhed, coocled to C® and
pleced in a {lask coatsining 50 ml. of .51 2’ eooled to 0°C.
a8 before. The woirht of the CHCl was deteridned by ocollecting
the fragnonts of the viel from the titration flask, drying and
welighing them. In Table 1, freezing point snd analytical date
sre given I'ar a serles of CHCY smunles.

Freezing roint Data 2nd “urity of CC1l
by C 1C Lnalyslis e

‘ rercentage furity
Freezing Sample teight (1) by :aCH (2) by #Hz (3) by Cl
_ioint ~ _ by ethod  _used  produced present
=6 +90°C ( 1 } +5645 A 1CC 9 - -
(2) «6375 A 100 5 - -
(3 } <5517 A 101.0 - -
-B ngc ¢ ( 1 ) +4742 A 101.8 - -
(2} +4 589 A 1007 - -
(3) 5062 & 1002 - -
-7..25°C {1 ) 4342 4 95 .8 - -
2) 4722 A 90 o8 - -
(3 g «4527 e 0P 3 - -
-7 tﬁgtc ( l «6647 B 1< &3 - -
i 2} «477C B 9645 - -
3) 69270 B 062 -
=7 .00°C él } «6218 4 99 467 - 99 8
e ) «5476 A 99 480 - 100 8
=7 00°C { 1) 6006 B $9.85 90 .9 90«4
2) 8788 B 99.10C 98 .9 00 4
(3) 4878 & 9055 995 9042
“6.92°C (1) 8762 & 4988 - 100 45
(;’3 g <7169 A 100432 - 1CC 2
«10.8C°C ( 1} 6039 # 893 - -
( 2 ) ‘6445 A 88 06 - -
( 3 ) «6134 i 8861 - -



9.

The method ewployed for frsezing point deterainations was
an extension of that used by Je.i. Forrison and F.Ee. Grummitt{l3]}.
The appsratus oconsisted of a small clear dewer to which was
sealed & stopoook at the tope The zir pressure eould be adjusted
to give & convenient rete of coolinge This tube was fitted « th
& stopper through which passed & Heocknann thermometer aud & glass
ring stirrer driven by an eccentrio wvheel ritted %o & stirring
motore. The BDecluann theracueter was ooumpared with two standard
theraoneters of dilferent ranges calibrated at the F7eTele The
zoro pointe on these were checked with great care. SulTlicient
cold CHC1l wes plsced in the inner tube to cover the bulb of the
thernameter, and the dewar was ocoled in an 1ce=salt mixture
at ebout ~12°C. Time and temperature readings were recorded
until the freezing=-noint had been nassed. An ice-water bath
was then substituted for the ice-salt mixture, and readings
were teken as before. The freegzing-point oould ve determined
quite acsurately'frmm'tha time~cooling ocurve, but the melting-
point was not well defined, as will be seen Crom the accaapany=
ing curves, figs. 2 and 3.

& Tarther check on the purity of JiCl was made by deter—
mining the nolel rreazing-ﬁéing lowering. Into a sesled tube
24.186 gnse. of pure CHCL were weighed, the tube was cocled
below (°, and the contents placed in the freezing4yoint eppare=
tus. The freezing=point was deternmined as desoribad above.

Tho sclid was roaaelted, 0.7C18 gms. of $Cle were added, and
the freezing~point ssain detemined. 4 lowering of (.60°C,

for £ mol freetion of £.01117 was found, ané the molel
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freezing=point lowering was c¢asloulsted to be 3.26°C. Assuming
the latent hest of fusion to be oconstant between =6.92° and
7.52°C., its value is £650 oal./mcle. The entropy of fusion
is tharefore 9.96 entropy units. iroan a consideration of the
anﬁlytieal mercentage of impurity .resent in a sample of CHCl,
and the molal freezing=point loweriag, the molecular weight of
the lmpurity was caloulated to be 112. The Lupurity is pro-
bably mainly carbon tetrachloride.

The progress cf purification by recrystallization is
illnstrated in Table 2.

A« ¥ateriel after removing Clps with Hg end redistilling.

ifter Crystallization No. 1 Hoe« 8 Noe 3
freezing Point «7.73°C =6.,95°C =-6.90°C

B. other liquors from orystallizations. %

Crystallizations 1 3 S 6 4
Freezing 7oint «1C.10°C «7.45°C =~6.95°C ~8.92°C =8.92°C

% In this series only sbout 1@% or less of the materisl wes
poured off each time.

The wvapour pressure of CHCl was measured, using a
static method. A trap containing CHNCl, and fitted with an
Anschutz thermometer was connected t0 s mercury manometer.
The trap was surrcunded by & bath at the desired temperature
in & dewar flask. The tempercture of the bath was measured
with one of the standard thermometers used in the freezing=
point measurements. Keadings were taken over such long

periods of time that equilibrium was established between the
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CNCl and the bath, and the temperature of the CNCl was taken as
that of the beth with only slight error. Observations were nade
over a period of nesrly & week. The data together with those
of ¥lemeno and Wagner are given in Table 3. The latent heat of
vaporization was calculated from the Clausius~Clapeyron rels-
tion to be 6400 cal./mole,

TABLE

Yapour rressure Data for CNC1

Vapour Pressure (mm. of Hg)

Temperature Present Values Date of .
*C . _ Klemeno and Wagner
-12 - 233
=10 - 265

-8 - 302
-8 342.1 541
58 348 3 -
~4.8 359 .1 -
=4 0 - 373
-2 +8 396.3 -
-2 «0 -~ 408
000 446 .5 -
1.85 483 .6 -
2.00 - 484
340 516.4 -
4 +0O0 - 527
500 558 +0 -
6.00 - S73
6.20 581.2 -
7 .40 616 .5 -
B.00 - 621
9.10 658 3 -
10.060 - 674
10.60 697 3 -
12.00 - 73C
12 .80 . 754.8 -
13.00 763.0 -
14.00 - 790
17.82 816.5 -

These date are plotted in fig. 4.
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CORCLUSIONS

Cyanogen chloride mey be prepared in good yield by the
method of Jennings end Scott. After ramoval of chlorine with
meroury and re-distillation, frsctiounsl crystellization pro-
vides the most satisfactory method of purifiocation. The methods
of ilenguin and Simon pravidg a means of determining the purity
of cyanogen chloride analytically, the echief diffioculty being
to get aﬁ acourately known a&eunt of cyanogen chloride oom~
pletely atsorbed in stanﬁara;basa‘

The 2reez1ng~point of a“saﬁ§le of cyanogen chloride may
be determined with considerable acouresy from the time=-cooling
curve, and provides an excellent oriterion of murity, as the
molal freezing~point lowering is large (3.26°C.). The melting-
point is ill-defined even under carefully controlled conditions.

Vapour pressure measurements made on & sample of pure CiCLl
gave values that agree well with those reported by Klemene and
Wagner(ll).
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DAET II
2 HYIROLYSILS CF CYANCGEN CHLORIUE

It was thought desiredle to have scme informstion about
the kinetios of the hydrolysis of cyanogen ohloride before
studying the sorption of oy anosen chloride on wet charcoals.
Data were avoilable on the reasctions of cyanogen bdromide end
iodide in buffered solutions ond in the presence of HaOH, Mg,
nethylenines, ethylaemines and triethsnolaszine(l4), but a sur~
vey of the literature did not reveal any inlfornation about
the kinetios of the hydrolysis of oyauogen chloridee.

Hydrolysis of CNC1l takes place in two steps:

CNC1l + Hpo —> HCHO ¢+ HC1

VOO + Hal 5 UHz * (O
In solutions of pil less than 7, hydrolysis of oyesuic asocid is
rapid at ardiuary temperatures, and the irst reaction is rate
determining., Gince equivalent quantities of HCl aud iHz ere
forned, the pH should not shanse &ppreciably during hydrolysis.
Hydrolysis of eyauogen chloride (end nlso of the othexr halides)
is oatalysed by GH” end H'. In the presence of anines, samonis
and pyridine, very rapid resoction oocurse. The reactiocn of cya=-
nogen chloride with tertiary axines is an oexesple of the von
~ bBraun resotion{15). In the sresence of Tz, CICl resots to
form oyanm:lds

CRCl + 2uHy -_— HeCH ¢+ [Hell
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An aquecus solution of pure cyanogen chloride gives no
reaction with aqueous silver nitrate. Hance cysnogen chloride
is8 unionized. Since chloride ia formed during hydrolysis, the
hydrolysis may be followed by titrating the chloride present.
Chloride may ve deternined very conveniently by titration with
AghO3, using dichlorofluorescein as indioator. The pH should
not be less than 4. The initial concentration of CKC1l may dbe
detemined by one of the methods of iimuguin and Simon described
previocusly. It was thought advisable for preliminary work to
study only the hydrolysis in purs water buffered with COg, the
resulting pH being between 4 end 6, aud to Cind the magnitude
of the salt effect. Au attempt was made to study the hydrolysis
in C.02H L1, tut resction occurred so rapldly that no accur-te
results could be obtained. FKates of hydrolysis were detoniined
over the range of 0°C. to 50%C., and the activetion energy cal-

culated.

PROCTLIIRE

Distilled water was ooolad in an fce bath, and saturated
with COg by adding dry ice tc the cold water. To approxinmstely
30¢ mle 0o this water suffiocient cold liquid CHC1l wes added %o
give a solution not stronger than C.2 ¥+ In most of the work,
tvio concentrations of cysnogen chloride were employed at each
tempercturs. The solutions were slways freshly prepared before
usee. Alter vigorous shakinz, the cyanogen chloride solution

was poured into bulbs of 25 to 3¢ ml. capacity, vhich were



sealed, and pleced in a thermostat at the desired temperature.
For the 30°, 40° and 50°C. runs, a wnater thermostat fitted with
a stirrer, electric he:ter and thermoregulator wes ezployed.

The heater was operated by a mercury relav described by Black(1l6).
This type of relay wes found to be quite reliable, economiscal,
and easily constructed. The thermostast wes controlled to about
0.08°C. For ths °C. run, an ice-water mixture in a dewar flask,
and for the 11.1°C. run, acetic acid conteining water was em=-
ployeds The dewar oonteining this mixture was kept in an joe~
box to keep the solid~-liquid ratio agg;roxmatély constant, and
the temperature wes checked at least nce s day. Because of

the character ol the frozen material, a teuperature gradient

ol two or three tenths of a degree cxisted between the solid

and liquide.

For & study of the salt effect, soluticns of CHNCl in G.02
M NHeCl and in 0,02 ¥ 03 were prepared, The (.08 ¥ ENOga
solution was prepared from waeter previously saturated with COp,
but the NHeCl solution wes unbuffered with COp, as the NH4Cl
itsellf ascted as 8 bulfer.

The initizl coneentrsatlion of coysnogen chloride was deter-
mined by sdding an excess of C.5¥ HaCH to a samaple of the |
freshly prepared cyanogen chloride solution, allowing the mix~=
ture to stand until hydrolysis was complete, and back-titreting
the base with standard lipSOg tc 8 phenolphthalein end=point,
as desoribed previcusly (p. 7). The blank on the water satu-

ratod with COp was Jetermiuned by edulng exoess besse to a sanple
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of the watar, and beok-titrating with HgS04 8s for the CNC1l solu~
tion. The hydrolysis wes fllowed by titrating the free Cl- in
the semples with C.03N AglO3 using dichlorofluorescein es indi-
oastor. This method of determining chloride was found to be

quite satisCactory 17 the pH of the solution was greater than 4.
A semple of 20 or 25 c.¢. of the CNC1 solution was withdrawn
from & Wulb by a pipette attached to a water aspirator, between
five and ten drops of & 0.l per cent sclution of sodium diohloro~
fluorescein were added, snd the solution titrated with C.O03N
Agli0z until the swsuspension of AgCl just beesme pink. Bulbs
removed fram the tharmostat at the higher temperetures were
Lunedintely cooled in ice wetar before being opened. The time

~ of rezoval of the bulbs was noted in each cege. The conoen-
trations of eysnogen chlcri&a reaaining were gelcoulsted from

the initisl CHC1l concentrations and the amounts of chloride
found in the solution &t verious times. These data were used

in drawing the 105%9.%&1!&3 vs. time ocurves, and the

velwes of k for the various temperatures were ocaleulated from

the slopes of thase lines. Finally the irrhenius lize was
plotted, mrd the value of the ectivetion enorgy determuined.

The date ere given in 7Tsbles 4, § and 6 and figures 5 to 8,
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TABLE 4

DATA FOE_RATES OF HYDROLYSIS CF CiCl

————

gl ey s B17] Bncll e loNOT

Time NC log EHC Time [C1 NC1

(hrs) moles/l. moles/l. é NCMt (hrs) moles/l. moles/l. loslfg_gﬁt
TP 0°C. T T 1. .

Ce 000000 003988 ©.,0000G 2«0 00000 0.07806 0.,00C0
237 . 0.,00083 (.03872 0.00886 24¢4 0.00109 0.07697 00091
387. 0.00117 0,3838 0.0188 53.8 0.,00139 C.07667 0.,0108
525, 0.00149 0.,03806 0.0170 678 0.00178 0.07631 C.0128

115.5 0.00282 0.07524 0.0190
167.3 0.00320 0.07486 0.0211
212.0 0.00422 0.,07384 0.0240

IR . g At Gy S G .

TEMP., 30°%C
O 00000 0.0813 00000 C+0 CL.0000 C.1845 0 .0000
3.25 0.0019 0 .0794 0.0103 320 00047 C.1798 0.0111
20,5 00083 ¢ 0780 00,0350 8.5 G.0044 0 .1801 0.0105
30 .0 0 .0084 0.0728 00474 13.7 0.0123 01722 C 0300
43 .9 0.,0118 0.0695 0.0681 24.0C € 0174 0.1671 G «0430
52.8 0.0141 0.0872 0 .0827%7 36,7 0.0245 0.1600 0.0619

TEEP .« 40°C
Os 00000 Cel4l3 C.0000 0.0 00000 0.0870 0.0000
3.4 00083 (€.1360 0.0166 3ok COC3S 0.0837 00188
9.6 040136 C 1277 00439 G466 C 0083 0.0787 0.0435
13.1 ©.0179 0.1234 0$.0588 13.1 ©.0110 C 0760 0 +.058%7
18.0 0.0247 ©.1168 0.0834 18.C 0.0145 0.0725 C.0792

23,5 0.,0308 (.11056 0.1067 23.5 0,0183 0.0687 (.1025

s

Tgﬁpo 4@‘0

O 040000 007006 00,0000

2.2 0.00014 (.07792 0.0008

4.6 C00884 0.07522 0.016)

6.8 0.00489 C.07317 0.0281

17.8 0.01335 0.06471 0.0814

Lol d 2 S A P WD G W G SR W by S L - B g o - A BB GO B B

TadP. 50°C
Oe 00060 01245 0.0000 0«0 {40000 0.0695 0 0000
1.0 0.0039 0.1208 00141 1.0 00027 0.0668 0.0172
32 0.0114 01131 0.0423 342 0,0085 0.0630 0.0427
5.5 0.0187 0.1058 0.0709 5.5 0.0116 0.0579 0.0793
9.0 0.0297 0.0948 0.1186 040 00173 0.0822 0.1243
12.83 0.0395 0.0850 0.1660 12.5 0.0224 G 0471 0.08690

23,5 0.0511 ©.0734 0.2297 23.0 0.0368 0.0317 0.3409
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TABLE §
YARLATION OF k WITH Toub RATURR
°£ A QSQ
323 0 4003096 3.130x10_%
513 C +003195 1.151x10" 7
303 0.003300 588521072
284.1 0 +00352 3.070x10_¢
IABLE ©
EFFECT OF ADDED SALTS '
ON_THE RATE OF CHC) HYDROLYSIS-TIMPERATURE 40°C,
‘ initial - initial
Time  [017x  Toncl) ""3% Time 017  [wel] CRC
(hrs) moles/l. moles/l. NC1)4 (hrs ) moles/l. moles/l. 108
001 B NHeCl 0401 ¥ EHO3

0.0 C.0000 0.1077 0.00C0 0.0 0.00CC 04058285 0.0000
S4 0.0037 (.1040 0.,0152 3.4 C.00260 0.05366 (.0208
B.4 0.0088 (.0988 040374 6.2  C.00460 0.05165 C.0370
12.6 0.0131 0.0046 0.08563 G606 0.00664 004961 0.0545

11.4 ©.C0815 0,0481C 0.0679
0«0 00000 0.05175 0,.,0000

3.0 0.00170 C.05008 0.0146

5.8 0.00314 0.04861 ©.0173

8.8 (W00481 0.04694 C©.0423 -
14.8 0.0l081L 0©.04094 01018 X C1 rrom hydrolysis of
201 C+01017 0©.04158 00980 CHC1 only.
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COHCIUSICNS
The irrhenius line for the bydrolysis of oyanogen chloride

at pH 4 to & was found to be 8 streight line within the experi~
nental error over the range 0° to 50°C. The activation ensrgy
far hydrolysis wes cslculated from the slope of this line to
be 20,670 oslories per nole. The rate of hydrolysis at 40°C.
was only slightly increased in C.02 X KHeCl and in 0,02 ¥ KiiQgze
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PART III
THE SORPTION CF CYAMCGEHN CILOHII

Lany empiricel investigations of the sorption of cyanogen
¢hloride by charooal have bean msde during the last few yearae
This work has been mainly slong the lines of testing service
respirastor canisters, the chicf object generelly being to
determine the service, or brsakdown time. Owing tc the methods
esployed and to varistion in the experlmenﬁal'ecnditions only
8 very Alnocomplets pieture of the sorption proocess has besen ob-
tainede 4 moye detailed study is obviously of importunce
sinoe the empirical tests have shown CNC1 to heve a short ser=
vice time on molist ocharcoals and therefore to be a war gas of
menaocing aspeoct.

An sppsrstus has been construoted in this loboratory
which follows the amount of gas sorbed with time, the concen~
tration of oxic gas in the e¢ffluent stream and the rise in
temperature at two levels in the charcosl beds Cood resulis
have boen oblained wi‘h this sypsratus 1z the study of the
sorption of sunonis and butane by chercoal and slight modiri~
cation hes nade it possible tc study the sorptlon of oyancgen
chloride.

Toe results obtained so far in this lavestigation are of

a preliminery aature. .iethods of snalysing [or cyanogen



ohloride in the effluent stream have been studied and standardé-
ized. Sorption on dry charscoal hes been studied, but the sorp-
tion of cyanogen ohloride on wet charoosls, whioch is of muoh

greater practical importance, remains to be investigated.

STATIC SORPTION
The phenameunon of the sorption of gases and liquids by
s0lids is well known. Z“xtensive investigation has shown that
the emount of gas sorbed by a s0lid ia a function of the
pressure, expressed by the well-inown Freundlich isothem
relation:
= wl/n
where X is the emount of geas sorbed
p is the preasure
and k and n are consatsnts for a given asystem
and a given temperature.
This relation holds only over a limited pressure range.
Langnuir assumed that a unimoleoular layer of sorbed gas was
formed on the sorbent, and postulated a time lag between sorp~
tion and re—-emission of the gas aolecules. Fraa these oon~

siderations he derived the formula

K
AT
where & is the mmount of gas sorbed at a given
temperature

p 18 the ressure

and K and b are oonstants.



This formula has been verified experimentally. It may be
written in simpler fonns where the amount of sorption 1s very
large or very suall.

In the absence of other factors linear relstion between
the logarithm of the amount of ges sorbed and the temperature
at oonstant pressure hes been found by many investigators.
There is a lai'ga difference in the amount of gas sorbed for
a smell temperature change. The mechanism of sorption may
change with tempereture in some csases,

The amounts of various gases taken up at & given pressure
by a given sorbent are spproximately in the order of the boil~-
\ing points or oritiocal temperstures of the sorbates. Sorbents
vary greatly in the amounts of a given gas which they oan take
up, charoozl and silica gel being partiocularly ngted for their
marked capacity for sorbing gases. The efficliency of & sorbent
frequently depends upon its 'history. and activation by heating
or chemical action has been found masible with many sorbents.
The sorption oapaocity of charocoal depends also upon the source
of the charecal. Heat is evolved durins sorption, the amount
of heat given off for & given increment of gas sorbed being
greater at the beginning of the sorption process than near the
end. Sorption occocurs rapidly at first, then decresses rather
sharply to come to equilibrium which is often reaoched only
after a long period of time. ¥When the sorption of mixtures of
gases 1s studied, it is found that for reversible sorption, the

ratio of the smounts of gases sorbed is the ssme for a given
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gas mixture and & given sorbent, aud is not altered if cone ges
is added after the other. Tn other words, gases displace each
other from the sorbent, the equilibrium ratio of gasesa present
on the sorbent depending only upon the eonposition of the gas

mixture, other fectors being constant.

Two types of sorption may be distingaished: chemisorption
end molecular or ven der Waals sorption. In the former type
moleculas or atoms are held to the surface of the sorbent by
oovalent forces which exist because of the structurs of the
solid. This type of sorption occurs commonly on metal surfaces,
such as tungsten and nickel. Desorption is often difficult,
evan at very high temperatures. The hesat of sorption is high;
about three times that for molecular sorption. Langnuir has
shown that a unlaolecular laoyer of sorbed ges covers the sur-
face of the sorbent, and thet the gas is often sorbsd in the
atomio state.

Holecular sorption ocours when molecules of gas sre held
to ths sorbent surfeace by ven der ¥aeals, or ordinary intra-
molecular forces. In the absence of ocoumplicating factors,
this type of sorption is ensily reversible. Ho decomposition
of the sorbate into atoms occurs. Jeveral processes may ocm~
plicate this type of sorption. In the early stages, true ad-
sorption, involving a unimolecular laysr of sorbate, probsbly
occurs. ¥%With charcoal and similar porous substaunces, oonden-
sation of the gas to liquid in the caplllaries often takes

place. Decesuse of the conoavity of the meniscus of the liquid



in the capillaries, the vapour pressure 1s low. iJater probably
exists in the liquid state on charcosl under ordinsry conditions.
| ¥hen sorption on such "wet™ charcoal oeours, the sorbate may dls- |
solve in, or be hydrolysed by the water present. Catalytic de-
eampositian of the sorbate may be brought about by impreguants

on the sorbent.

RLIC SO O
Static sorption studies yleld results whioh are of great

theoretiocal importance. However, to evaluate the efflolency
of a sorbent, such as ocharcoal, in removing a tozia»gas from
an air stream, 8 dynamis method must be gaed. The rate of
sorption of the toxic geas may depend on either of two faoctors:
(a) rate of dirfiusion of the gas molecules to the surface of
the oharocoel or (b) rate of sorption or reaction at the sur~
face of the charcoal., If the former process is rate deter—
mining the presence of the "oarrier gas" (air) may interfere
with sorption. There is alsc the possibility that desorption
of the toxic gas may ooocur when pure eir is pessed through

the charocoal.

Q) 3 CF HEAIC S0 N
Several mathematical theories of dynamic sorption have
been developed. Some of these are entirely empiricsl, while
others ere based upon rate of diffusion or rate of reaction

of the toxic gas as nentioned above. Iquations have been



32.

derived which express relaticns between various determineble
quantities. and the behaviour of a certain charcoal towsrds a
certain toxic gas under varying conditicas of eeﬁoentration.
airflow and bed-length msy be predicted if these gquantities
are known.

There are seversl quantiiies and terms which it is oon-
venient toc define here before entering into a discussion of
the various theories. The most important of these from &
practical stendpoint is the service, or breakdotn}tme T »
This 18 the time from the stert of the gas {low to the point
when an arbitrarily chosen dangerous canoentratio# of toxie
ga8 appears in th effluent streem. This gquantity is also
somewhat indefinitely defined as the time froz the beginning
of the gas flow to the polint when the charcoal cesses to be
100% efficient in removing the toxiec gas from the air streem.
For the accurate deternuinetion of the service time, the for-
mer definition is much more exact, especially when dealing
with highly poisonous geses. The oritical bed length A. is
the length of charcoal bed below which Immediate penetration
of toxlioc gas occurs. Another term, the "dead length" h s
used by some authors, especially liecklenberg. This is a
length of the charcoal bed next the inlet whioh is visuaslized
as being saturated with toxic gas, the remainder orf the char-
coal bed being free of gas. It is a mathemntiocal fiction,
but it is useful in evaluation of the protective action of

sorbents.



Zeoklenberg(l?) postulsasted that sorption on charcoal oo-
ourred by the mechanism of capillary condensation, and to
8implify the mathematical treatment, he assuned all the capil~
laries to be of uniform lecugth and cross—-section. He divided
the oharcosl bed into three imaginary parts:

(a) a section next the inlet ssturated with gas

(b) a "working length", where sorption was ocourring

{c) a section which the gas had not reached.

He oconfined his considerations to the "working length", and
euployed for the rate of diffusion of toxie gas to the surface

the Hornst equation for a heterogeneous reaction,

where © 18 the partiel pressure of gas near the charcoal
e” is the partiel pressure of gas in the ocapillaries
D is the coefficient of diffusion of the toxic gas
in air
F is the outer surface of the charcoal grains
exposed per C.Ce
§ 18 the thickness of the gas layer sorbed on the

charcosl
and T is the time.

He then deduced the following relations:

T-%ﬁ:y(,l -h} ----------- 2

1
h=_5_(.Kﬁ) In% "% _S%Y)__ 4
DF L ct! - ot '——'6,-
’ 0

where h is the dezd le ngth

T is the service time

Ta =2 o P



L is the linear velooity of the air stream
A 18 the length of the charcoal bed
¢ 18 the oross-sectionsl area of the bed
XQ 18 the portion of the oross=—section of the cell
not filled with charcoal
¢t 18 the minimum detectable oconcentration of the

gas &k

and n is & constant.

Dandby, Davoud, Everett, Iiinshelwood and Lodge(18) heve
also treated the problem of dynamic sorption in a theory which
will subsequently be referred to as the Hinshelwood theory.
According to these mithors, the oconcentration of toxic gas
in the effluent air stream incoreases exponentially with time:

-k
c = o0 Te¥ i Y )
wisre k is tm sorption rate constant
6, 1s the initial concentration of toxie gas in
the air stremm
6 18 the concentration in the effluent stream
A is the bed length
T 1s the time from the start of the gas flow
L 18 the linear flow rate

and b is the rate of szhaustion of the active centres.

X Or, in our consideration, the arbitrerily chosen dangerous
concentration of toxic gas.
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A simplified treatment by Hinshelwood et al assumes that each
sucosusive elenent of charcoal functionx with oomplete effioi~
ency and then pesses eamplately out of action. A2Actually, ex-
haustion 18 gradusal, and e nore rigorous treatnent takes this
faoct into aoccount.

Kow, since the rate of exhaustion of sctive centres is
direotly proportional to the total amount of toxiec ges pessing,
and inversely proportional to the initial number of active
cantres,

L P 8

b.. --‘nmnaons

By

where Ny, is the initial number of aotive centres

per 6.G.

From equations 4 and 5, the service time for variation in the
column length 12 given by the relation

TemA) e

and if the Tlowrate is varied, the bed length being kept e~
stant,

%o

(el (S VICEEREEI

where Ly is the oriticel flowrate, above which break-

down is instantaneous.
The theory assumes that two zones exist in the charooal
bed; (a) a section of the bed which actively removes toxic

gas from the air streem, and {b) & section which is seturated
with gas; that is, no active centres sre left. Aictually,



s however, saturation of the charcoal is gradusl,and sorption
often takes plsce long after the sarvice time has psased, Ex-
pressing the decrease in gas concentration through the bed by

the partial differentisl equation

-%%- ( e'r)““"“ &

where 1 is distance fraaz the inlet end of the bed %o
the point bdeing considered
X is the concentration of gas on the charcoal

and all other guantities are as previously defined

renders the treetment independent of the mechanism or kinetics

of sorption. To solve this eguation, Hinshelwood et sll assume

that
-%%.MN P . I T S e 9

where k i3 a oonstant
¢ is the concentration of toxic gas in the
alr strean

and K is the number of active centres per C.C.

The aoctive centres do not retein their aotivity indefinitely.

Cn the average, each active centre deals with n molecules of

gas before becoming inactive. If the number of sctive centres
per c.c. is No', then this is equivalent to nl,' = N, centres

of unit activity per c.c. Neither n nor N,' is determinable.

In this treatment it is also assumed that the sorption rocess
takes place lsothermally, and that local changes in the water
content o the bed do not alter appreciably the rate of sorption.
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from equations & and 7,

Nowggly <-cooooen

where o' is the ooncentration ol toxic gas in the efflunent

stream at breakdown

and T'= gd- 1n(e"© /I‘-l)-ln(.:s-z) c-- 1

or, ayproximately
- Kmo - Qo) - o wm wm ow e mweo~w 12
Tog(Zp—-m

whence
N
T.-—Io (X-AC) - e e A e W e e o - 13
cO
for varietion in bed depth

or T=2(p-g) ~m-mmmmmmmmeon o u

%

for variation in flowrate

Both treatments give identiocnl expressions for the break=
down time. Ioweve> , an a:proximaticn in the more rigorous
treatment has been made which is only vali%oi‘ar .:.?.>>1. nemely,
unity was negieclted 1u ¢omparison with e o ¥%hen the
Hinshelwood theory is applied to conditions near saturation,
thizs epproxination cannot he made, since o has neerly the same
value as 65« The distribution of gas throuzh the charcoal bed
and the effect of granule size have besen discussed in detail
in the original report, and will not be oconsidered here. A more
cauplete dlscussion of the theories of Hinshelwood and of

lecklenberg is given in the theses of Cgilvie(l9) and bevis(20).



Lister (21) hes extended Hinshelwood's treatment to
include the possibility of desorption, snd henes the possibili-
ty of chengea in N, with changing initial conoentration of
toxic gas. This makes necessary another perameter, the rate
conastant for desorption, ¥ Tn the ocese of reversible sorp-
tion, 4f x is the consentration of gas on the charcoal, the
value of x at equilibirum will be a function of ¢, determined
by the condition

QB = -txe koolly =x) =0 ~----- 18
whenoe x = N, only when kog ) K
The following relations have been taken from Xinocaid's summary
of Lister's originel report{2l).

For irreversible sorption
5 Nk

ln(?&-))-*lno -1 -ko,T ¥ =T
]

-kco'r - =16
and for the raversible ocase
o, *+ N KT . Rk

The breakdown time is given by the following equations:

Irreversidble
No A 1 (zo_ e o . ... -

‘ﬁhencaﬁo'i‘gg_-%ln(%gm) --—----—-Van 19

Heversible

‘ oK /L
K 00 + k L K;eo + k Q'

----=- 20




The relations for oritical thickness ere i1dentiocal with equation
10 for irreversible and reversible sorptions

In concluslion may be mentionad the theories of Dohart and
Adems, of Bartky amd Uostenes(22) sud of ¥Hicke(2Z). Bohart and
Adens in 1920 proposed a theory of dynanmio sorption which is
identicnl with Hinshelwood's later treatment. They assuned
that the rate—=gontrolling step was resction of ths toxioc gas
with, or sorption on the charcosl, and alsoc that sorption was
irreversible. Uicke's treatuent oonocerns sorption and desorp~
tion and is based uwpon diffusion as the rate=controlling fao-
tors Bertky and Hestenes have recently developed a semi~
enpirical treatment of the date of Dole end 7lotz(2Z2). They
assume that &= —>1 at a finite tine, rather than vhen 7T —>%

%
as asguned in the Hinshelwnod trentment. Their differential

eque tion 18
. -, 1
%%--m(x-%) (%;) S
c<m«l
(}41“41

where 1 and lt are empirical oconstants, and the othexr
symbols have the same significsnoce as in the

previons disocuassion.

To apply this theory, the condition o, T = const. is necessery
but not sufficlente.



le T™he service time
The theories of Hinshelwood snd of ilecklanberg predict a

linear relstion between service tiue and bed length. IHowsver,
iiecklenberg has shown that the linear relation only holds for
bed depths greater than & certsain minimum length, and this
falling off fram linearity hos been noted by seversl obmervers.
Liatar'a theory pradicts a linear relastion between servioce
tine and bed depth for irreverzible sorption but not for re=
versible e
Both the former theories indicate & linear relation bet~
ween servioce time and the reciprcoel of the flowrate.
Hinshelwood's theory predicts that the service time veries
a3 the resiprocel of the initial concentrastion for very low con-
centrations, 1e8e,To, = const. acoording to Kinoaid, this
1s only true if kiyA/L > ln(.zw"-’. - ) » Fhen To, is not con~
stant, it should deorcese with inoressing initial conoentratime.
In reversible sorption, Lister's theory medicts that T should
inorease and reach & constant value as o, (decreases. This pro=-
vides & oriterion of reversible sorption along with dynamic de-

sorption studies.

2+ The dead length snd oritiocsl length
According t0 equation 3
h o yl°B
if the flowrate is varied and other variables mre kept constent.

The value of n 12 usuelly about C.5. !ITaa equation lo, the



oritical length varies directly with the flowrate, and this re~
lation is independent of whether the sarption is reversible or
irreversible. |

Equation (0 also indiostes a linesaxr relation between ori-

tioal length and the logarithm of the initisl oconcentration.
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J:\ 1ATUS

The apparatus used in this investigation has been des~
oribed by rearce(23) and by Cgilvie(l9) and Davis(20). &
cell which contsins the charcoal to be ilavestigated is sus~
pended freely from one arm of an sualytical belance, provision
beaing made for the analysis of the effluent strean rom the
esll. The following desoription of the various systems applics
to fige 9, which is 8 simple disgrmm of the eppareatus.

Alr was supplied by a Tegner Deka Xioro iump, the oute
lat of vwhich was attached %o & 45~1litre ballast volume V.
The air pressure in the ballast wlume wan regzulated by a
water bloweolff B. The lnlet cock on the pump was turned part-
ly off so that only & small stream of sir passed through the
blow-off. rTom the ballast volume the air pessed through
three oanlofiun ohloride tubes C in serios to romove water
vapour, then through threse asoarite tubes D to resove carhbon
dozide, and finally through three sulphuric escid bubblers«e.
By adjusting the concentration of sulphurie scid in these
bubblers, air of eany desired degree of humidity ocould be ob~
tained. In this preliminary study ary air was esployed, and
the bubblers oontained ooncentrated soide The air flow was

neasured by neans of the wet test meter ¥, which was filled
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with dibutyl phthalate. The flowrate was adjusted by & capillary
flomaater, containing dibutyl phthalete as the mancmeter liguid,
and the water blow=off. . ccurste adjustuent of the flow was
obtainsd by movings tle sir tube on the blow=off up or dovm.

The air stresm oould bo adsitted to the conditicner by the
three~way stopoock Ui, 2nd to the cell or diverted by the stop~
co0ksSp and 53, the rubber tube beins removed from Sy in the
latter case.

The oyanogsn chloride wes contained in a gless ampoule 4,
of about 1B0=cece Ompmoity, which was comnected to a 1C-litre
ballast volume Va by 8 mm. glass tubing, using as little rubber
connecting twbing 8 rcesible, siance CRU1 attacks rubber slowly.
To keep ths vapour pressure of the oyenogen ohloride constant
to ansure a oonstzat flowrate, 1t was necdessary to keep the
eapoule in e theruwosted(T). For this urpose, & large glass
beakor, well lsggod on the outside, was eaployed. This con~-
tained a coll lwwrasd in water through which tap water at
28°Ce oirculs teds A manometer XM served to indicate the press~
ure ol the cyanogen chlorides The flow wus adjusted by means
of a muall stesl needle valve ; and & csplllary flowmeter g
containing mercuary. Dibutyl phthalste or other organie liguid
could not be used as & msnometer rluid because of the solu=-
bility o CHC1l in them. The CHC1 could be ednitted at will
to the air strosm by opening the stopoock Sg, or diverted to
the waste pipe through ths stopcook Hse The sorbate system

was oconnected to a liyvac punp throusch the stopcock Sg for



purposes of eveouation. 4iny CNCl in the ballaat volume was,
of course, thoroughly flushed out with alr before the syqtm
was evaocuated.

The conditioner for the chercoal (E) oconsisted of a
pyrex tube sbout & foot long and two inches in diameter which
was wound with niohrame‘wim and lsgged with asbestos, At
the upper end there was a ground joint and stopper J, for
filling, and an air outlet Sg. The lower end had an air in-
lot and was connected to the air tube leading to the cell
through a short piece of rubber tubing, whioch oould be closed
with e pinch clemp P, to the ground joint Jg. The teapera~-
ture of the conditioner was ad}usted by & rheostat in the eleeo~
trical oirocuit. Dry, cardbon dioxide~free air from the purifi-
sation train was peassed through the charcosl during the condi~
tioning process.

The cell {(suspsnded under J3) was filled with chareocal
by opening the screw olemp P,, raising the eonditioner slightly
and tapping it. Packing of the charooal in the cell was alwsys
uniform since the charcoal always fell from the same height.
No contamination of the charcoal with COg or water vapour
culd oooure. |

The cell 1§eelr oonsisted of a plece of pyrex tubing 4 om.
ingide diameter and 21 om. long. The top of the tube was fitted
with & brass cap sealed t0o the glass with de Khotinsky cement.
Through the centre of this ocap was soldered a brass tube 7 am
long and 1.5 ome. in diasmeter, which extended into the cell. To
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the lower ond of the ocell was cemented a nerrow brass ring having
two projections which fitted into obligue slots in a removable
brass oap similar to the one st the top of the cell, By this
means an air-tight joint between the cap and the bottom of the
cell was secured. 4 plece of brass tubing of the same dimen-
sions as that st the upper end extended downward from a hole
in the centre of %this cap. (n the inaside of the lower ocep
was soldered a light bdrass ring esbout 1 om. high which just
olsared the inside of the tube and to which was attached a
oircular plece of metal gauze similar to that used as a char=
coal support in respirators. This gauze supported the ochar-
ocal and allowed free exit to the gas stream. Two small ther-
mal junoctions were cemented to this gauze and extended upwards
to heights of 1.5 and 2.5 cm. above ths gauze nesr the centre
of the cell. They were construoted of copper and constantan,
28 B & S gauge. Connection to the rest of the thermocouple
was seoured through three pleces of laogquered copper wire,
about 40 B & S gauge. Voltzage readings were made with a
Cambridge unipivot gelvancmeter.

The cell was suspended through a hole in the bottom of
an analytiocal balance by & light wire support to an am of the
balance. The brass tubes dippad into cups which contained e
light hydrocarbon oil having a low viscosity and low vapour
preasure, and in which oyanogen chloride was not very solublee.
The physical properties of the oil pemitted feirly accurate
welghing of the oell. A l00-ug. rider was employed. A fixed



osll was also constructed, which could be connected directly to
the air inlet by a ground joint instead of the oil sesl. This
cell was found useful in certain instances.

tnalysis of the effluent streem presented many d&iffioul-
ties. It was not thought feasible to employ gas sampling
methods, and direct absorption of the CHC1l in various solutions
was resorted to. JSintered glass disc bubblers were used, and
the type of towsor found most snitable is illustrated in fig./0.
The sintered glass dises were prepared in this lsboratory and
wore of very coarse porosity. 4 small emocunt of wetting agent,
Aerosol 05, was added to the solutions to produos foaming and
tims increase the effioiency of absorption. In the stopper
at the top of each tower was fitted a saall glass buldb of the
rorm illustrated in fig.10 in which could be put e drop of
oapryl aloohol to brask the foam if it should rise into the
outlet tube. To overoame the baok pressure of the siatered
glass diso and the column of absorbing liguid, gentle suotion
wns spplied Dy a water aspirator. Adjustment of the sustion
was seocured with an air inlet tube projecting into a tube of
phosphoric acid, and fine adjustment with two sorsw pinch-
clamps P and Pg on the suction line., The suction was ad~
Justed so that no change in the level of the oil in the seals
on the cell ocourred when the air stream was passed through
one of the absorption towers containing the absorbing solution.
The effluent stresa could be coniected to the waste pipe or
to either of the bubblers by the stopcooks Sy and 3g.
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For the determination of CNC1 as thiocoyanate, the absorb-
ing solution wes 50 0.0. of NagS solution (100 gm. of NHapS+9H0
per litre )’ as recommended by Hinshelwood(24). Cyanogen chloride
reacts with NagS, yielding thiocyanate.

NagS + CNC1 — NeCHNS + NaCl

The thiooyanate was determined by Sohulek's method(25).
This method inwolves converting the thiooyanate tc cyanogen
bramide by the action of bromnine water, and titrating the
iodine liberated from an excess of potassium iodide by the CNBr.

NeCNS + Brg > CNBr + S + NaBr

CNBr + 2KI — Ip + KON + KBr
To the alkaline solution in a glass—stoppered flask 195 c.c. of
40% HzPO¢ were added, and the mixture boiled for five minutes
to drive off the HzS and soagulate the sulphur produoed by the
action of the aeid on the NagS. The flask was then cooled
rapidly to room temperature, and bromine water was added until
a persistent yellow colour appeared. After half an hour, 2 c.c.
of % phenol were added to remove the excess bromine, and the
flesk was shaken vigorously and repeatedly daring half an houre.
Pinelly 5 c.c. of 104 KI were added, the flask sllowed to stand
in the dark for half an hour to two hours, and the liberated
fodine was titrated with 0.04N thiosulphate (standardized
against CNCl by the above procedure), using staroh as indicetor.
Schulek's method was found to be more accurate and less trouble-
some than the umual colorimetric method in which ferric thio-
eyanaté is formed by adding FeClz to the slightly acidified



solution ocontaining thiocyanate and coaparing the resulting
reddish~brown colour with a stosndard prepared at the same time
as the unknown.

It was also desirable to have 2 method of snalysing for
one of the possible decouposition products of CHNCl, and deter=-
mination of total chloride was chosen as the most suitable pro-
oedure. Absorption of the CHCl in the effluent stream in cold
0.5N NaCH and titration of ehloride gave poor checks. Iio
better rosults were obtained when 2N HaCH weas employed, but
when the CHCl was absorbed in hot {about 80°C) NaOH, the ehlcrida
analyses checked quite well, and alsoc agreed with thiocyanate
deterninations on sanples taken in lNag3 solution st the same
time. This seemed to indicate that fsilure of absorption oc=
curred in cold Q.5K HaOH owlng to the slowness of the hydro-
lysis reaction. “inally, a prooedure was evolved and standard-
ized in which 05N liaOH containing 25 c.c. of Rearent grade
pyridine per litre was used as the absorving medium. It is
well lmown that cyanogen chloride rezots with pyridine itself,
forming a reddish c:uupound. It was found that the pyridine~
bas> solution boosme slightly yellow in the presence of CNC1,
the yellow colour fading slightly on stsnding, and diseppesar-
ing when excess ncid wan addede The resctions which occur
are not known. This absorbing solution foaned easily, only
a trace of ierosol 05 beine necessary $o stabllize the foame.
Probably a high concentration of pyridine existed in the foem

f1lms, owing to the surface~active character of pyridine.
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After absorption of the effluent CNC1l in 50 ce.0e of the
pyridine-ya0H solution dezcribed above, 5 c.ce Of concentrated
nitric aocid were added, and the mixture allowed to stand for
ten hours or more. The chloride was tltrated with 0.08H mer-
cur ioc nitrate scolution, using sodiun nitroprusside as indica~
tor. Por each 10 ce.ce of solution being titrated, C.l cece.
of 10% sodium nitroprusside was used. This method was round
to be very rapid and accur:te, and is more sensitive than
titrntion with silver nitrate. The solution must be ncid,
but the concentration of acid does not have to be adjusted.
The method depends upon the formation of practically unionized
HegClg, and an indicator which shows the pressnce of mercurie
ion 1is employed. In the presence of sodium nitroprusside, a
turbidity appears at the end point due to the fourmation of
highly inscluble mercuric nitroprusside. There is a small
indicator blank of approximately (.17 c.¢. which is not con-
stant, but varies with the concentration of HgCIgQ This blank
was neglected in the larrer titrations, ss it is well within
the esxperimental error.

A saturated sleoholie solution of diphenylcarbazide was
also enployed es indicator, but when used in aqueous solution
under the above conditions, the indicator blank was constant
and nbout Ce5 mle Apporently 1t is more sensitive when the
titration is carried out in aleocholic solution. Diphenylcarb-
azide gives a violet colour at the end=point.

Ano ther method for the deteruination of CNCl, which in-

volves sbsorption in 0.85N NaCH in 50% methanol snd titration
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of the C1” is under investigaetion, end sppears to give favour=-

able results.

PROCEIURE

A& supply of conditioned charcoal was kept in the condi=~
tioner. This charcoal was conditioned at 15C°C. in a current
of dry, COg=free air far twelve hours, and air was allowed to
circulate for an additional twelve hours after the current was
turned offs The conditloner was shut off from the etmosphere
by closing the air inlet and ocutlet. incugh charcoal was con=-
ditioned at one time for several runse.

The airflow and the CHCl flow ware adjusted at the de-
sired values with the help of the {lowmeters, and the oll seanls
on the charcoal cell were conditioned by passing the air-CHCl
stream through the eupty cell for sbout two hours. Seversal
deterninations of the influent concentration were made by
passing the gas mixture through absorbing solutions for known
periods of time. The CHCl flow was diverted to the waste pipe,
and the empty cell was weighed after having been flushed out
with a anall azount of pure sir. The alr flow was deflected
to the waste pipe, and charcosl was dropped into the cell to
the desired depth. The cell containing the chaicoasl was then
weighed without air {lowing, snd then with alr flowing. The

tine was noted, the CHNCl stresa was turned into ths vell agaln,

and tims, weight and tempersture readines were taken at appro=-

priaste tine intervals. O(ne or two saaples of the effluent
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stresm were taken before the expscted break time, and several
nore between the break time and saturation, the time at which
sanipling was begun and ended being noted.s The sanpling inter-
val was closen to give a couvenient quantity of CHNCl for deter-~
mination, the intervsl being caslounlated from the influent CLCl
flowrate and the change in weight of the cell with time. The
woet test meter was read at the beginning of the run, and several
times during the run. The CiCl and air flowmeteors were read
oocasionally, and the temperature of the sir stresm, back
pressure due to the purification train and barcmetric pressure
were recorded. A fow desorption studies were also made. Then
saturation was attalned, the CNCl flow wes shut off, the time
noted, and weight readincs were taken while pure air was passing
through the charcosal. Ocoasicnal sanples of the effluent stream
wore also taken.

The welght readinge were accurate to («C02 gn. in most
cases. The overall experimental error waa about 5h. Varia=-
tions in the CNC1l flow, errors in time of ssnpling, and varia~
tion 1o room temperature because of the necessity of having
good ventilation accounted for st least part of this error.

The materials employed in this {nvestigation were

Charcoal, Canadian SB {unimpregnated)
Canadian SeUeTey, silver
impregnnted
Cyauogen chloride, Iirepared and purified as

described in Part l.
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Because of the large number of observstions made during a
ran, oomplete data for each run are not recorded here, but a
typical dats sheet rallon,m illustrate the essential observe-~

tiong made during a ran.



TYZICAL DATA SHELT

N«.B. These data have been condensed for the sake of clarity.

Run 1%
ifrflow: 6,24 l./min. CHC1 flow: 68 mg/min.
= 4,96 ¢ .c./min./cm.z
Ataospharic pressure: 751 mm. Hge Alr pressure: 2.58 in. Hg.

(65 Nie Hg.)

Temperature of air: 82.5°7. (28°C.)

Dapth of charcoal bed (messured) 3.0 on.
(omloulated)3.l em.

Cross=-section of bed: 12.57 om.®
Weight of charcoal plus cell (air flowing): 29.496 gn.
{at11l): 29.411 gu.

Welght of oell (air flowing): 8.908

{(at1ll): 8.906
Welght of charcoals 20.505
Pinal woeight (charcosl plus celi): 25,710
CHCl sorbed: 6,214

Alr meter roeadings:

Initial T760.92 oue. rte

860 .63

09.71 ecu. L. Tize: 44)1 min.

Alr rate = % X B8.3 Xx gg X %%-g- = 6,24 l./min.



Time Cell Yeight “ain in Felght Ta Te
ain. : FRs e °C °C
¢ 29 «496 (000 21 .6 21.9
23 292.596 0100 24 .2 23«4
4.55 29,760 0.264 £29.2 23.8
18.23 30 «65C l.154 38,2 30«8
20.9) 30 840 1.344 30.8 3l.8
23.12 - 30,978 1.482 ‘
28 .00 31.188 1.7¢2 30,8 34 .0
32.26 31.800 ' 2.104 30 .3 34 .6
37.19 3) 920 2.424 39 .0 355
40 .20 324120 2624 38 .1 35.8
43.13 I8 «30C 2804 '
47 .59 32..800 3.204 36 .8 - 36 .2
54.12 32 .98 3.450 36.2 36 .0
60 .50 334327 3831 33.9 3449
65.26 33 . 580 4.084 32.%7 343
72 00 33.881 4,385
80 .50 34.168 4.672
83 .59 34 .268 4.772 29.5 30«3
80.00 34,432 4.938 28.3 29.0
103 .33 34,695 5.199 ‘ 263 27 ¢
112,41 34 835 . 5.339 £5.6 26.1
120 34 .944 5.448 25.6 - EB.5
130 35033 5037
138 35.100 5.604
1560 35.176 5.680 23 .4 24 .5
lé2 35.241 5.745 23 .6 23.8
171 35.269 5,773 23 .6 23 .8
182 38 .299 5.8C3
236 35385 $5.099 23 L 233
276 354430 5.834 23 .0 23 03
412 35.695 6.199 22 .2 225
439 35.705 6+209 223 227
499 35.710 6.214 21.8 2240

Analytical data for the effluent stream

Sample Time in min. ¥g. CHNCl/min. Lgs CNCl/cu.n./mine
o 19-20 - 0.09 14.4
0 46-48 ' 16.9 1430
P g8l1-82 32 .6 : 5230
R

182~-183 5545 8810
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BYSOLTYS b SIaCULOTCH

Analytiocal .‘ethods

As ctated on ppe. 47 and 48, the CHC1l in the effluent stremm
frou the charooal uelf was determinéd as thioccyanate snd as
chloride. The CKCl concentration date, unless otherwise stoted,
were obtalned frou the thiooyanate determinaticuse. In Table
7?7 and rig. 11 a compsrison of the results of the two methods
is given for run 12. Thiocoyanate values appear to be slightly
higher than chloride for low ooncentrations, but both methods
cheok well. The experimental error in saupling is quite large,

and is generally not less than 2%.

Sorption Data

4 summery of the deta obiained from the rans made is given
in Teble 8. ¥For each run date were obtained for the weight of
CHC1l sorbed st 41 {ferent tines, aud for effluent councentratious.
When the initisl amneentratich of CNCl was not too low, tempe-
rature measure:ents wers also nade., Huns were cerried out over
a rangs of bed depths, air flowrates and CHCl flowrates. To
obtain & complete pleture of the wvarintion in the different
quantities as the variablaa)\ e L and o, were eltered one at
a time would require approximately eighty runs for e single
charooal. Since it was not the purpose of this iuvestigation
to provide experimontsl evidence to prove or disprove the theorles

of dynamie sorption, no s:ich extensive investigation has been made,



Comparison of Chloride and Thicoyanate
of “ffluent Ctream, Run 18

Time Thi ; 3

{min.} HE. GNCL min/m

186-207 0019 3.0
355-365 0.153 24,2

4350-444 1.55 245.
444-450 1.7 269,

557563 : _ 4.32 684 .
563=568 4446 706,

B5DH=-860 B.61 889,
860~865 6 .68 1C80 .

865-870 5.8%7 830«
874-879 6.94 110G,

879~-884 6440 1010,

884-889 6 .64 1650,
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EFFLVENT CNcl- TIME CURVES
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TABLE
Summery of Sorption bate for CNOY
Service Total
Hed CHCl ChCl sorp=  ¥t.
Ro « Jonth _Alr flow gsong. M&l& gign Curve Sorbed
i g/min. ng/l. ~ min. ain. £me.
Canedian S5.B.T. Charocoal
1l 5.19 413 68 13 77 95 - 10.03
2 5.11 381 68 14.) 80 100 9.24
3 4,75 3086 68 13.7 67 7 10.00
4 5.13 7 44 9.2 117 . 145 8.63
6 4.07 381 &9 14.3 38(CL ) 75 8 47
7 Je.12 362 638 14.9 27 88 5.3
® 330 378 14 2.9 175 215 2.92
10 2.82 382 23,5 4.9 6c 120 3.68
11 4.04 509 24.5 3.8 108 135 5.11
12 4.98 502 8.8 1.0 350 440 3.47
13 4.92 313 69. 17.5 90 1156 10.75
14 4,77 497 és, 10.8 80 90 .88
15 3.12 496 63, 10.9 30 &5 8.2
16 5.01 501 1.6 C.26 880 850 2.2
S.B. Charooal (unimpregnated)
17 5.02 483 5.7 0.83 2850 300 2.757
18 5.03 490 66.5 10.8 46 70 7 895
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Welght sorbed-time curves

The shape of the sorption isotherns 18 shown in figs. 12
and 13. The rate of mrption is constant over the rirst part
of the curve, and then docreases, until finally equilibrium
is reached. This equilibrium was attained quite readily, and
iall chenge in the CHC1 flowrate at saturation immediately

nade itself apparent in a chenge 1o the weight of the cell.
This appsrently easily reversible equilibrium at satura=
tion was quite different from the bLehaviocur during desorption.
then pure alr was passed over charcosl saturated with CE&}IL,.j
desorption took plasce readily st first, the rate of desarpticn
falling off contimuocusly with time, asm illustrated in fig. is.
Finally a point was rosched whei-e the rate of desorption beocame
very smell, although seversl grems of CHCl remained on the char-
goel. In yum 2, for example, 2.61 gn. of CHCl were still pre~
sent on the charooal after aprroximately thirteen hours, the
decrense in weight during the last seven hours being only C.16
gne Some static sorption studies night, perhaps, offer an ex=-
planation for this behaviour. Two dirferent types of sorption
neay ocour simultaneously: & suall proportion of the CHC1 being
held strongly perhaps by true unimoleculsr sdsorption, and the
rameinder of the CNCl sorbed through caplllary coundeunsation.
The possibility of polymerization of the CHNCl on the charcoal

to oyanuric ochloride must not be cverléak&d.
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Effluent concentration curves

The eoffluent concentration curves were plotted on & semi-
logarithnic soale so that the entire range of eoncentrations
oau1d~be shown in & satisfactory mamner. The service times
were obtained froa these curves by determining the points at
which & horizontal line st the concentration 15 mg. per ou.
motre (the physiologically deterained bresk coucentration)} cut
the curvese The first few sauples taken during s run tended
to give high results for the CHC1l oconcentration because of the
absorption of CHC1l by the rubber connecting tubes when high
concen trations were passed tlroug! them, and its emission at
low oonocentrations. Sometimes the concentration in esrly
seiples exceeded 15 mg per ou. metre but this value decreased
to the correct one after one or two semples were taken. Loss
of CiCl from the lower oil seal ou the cell also accounted
far part of thias errar.

Acoording to the theory orf Hinshelwood et al, the concen-
tration of CHCl in the effluent stresm should increase exponen~-
tially with time arter breskdown. The efrfluent concentration-
time ocurves plotted on a semi~lorarithaiic scale are in general
linear over an interval past the break concentrationm, but begin
to bend towasrds the tiwe axis some time before ssturation is
attained. Examplee of these curves are given in figs. 11 and
14.
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The Service Time

The service time was obtained by two methods: (a) by analys=~
ing the effluent stream and determining the time at which a con-
sentration of 15 mge./ou.n. was reached, as desoribed above, and
{b) by determining the point on the weight sorbed vs. time ourve
where the rate of sorption began to fall off, i.e., the point
at which the charcoal ceased to be 1l00% efficient in removing
CNC1 fro:m the air stream. A comperison of the service time ob-
tained by these two sethods 18 given in Table 8. It will be
seen thet the latter method gives higher velues then the former
exocept when the CHCl flowrate is mzall. The discrepasnoy is much
grester than the errar in estinating the point at which the
sorption isotherm devistes from a straight line.

If the inorease of weight of the chercoal with time es
determined from the CHC1l flowrate is plotted with the sorption
isotherm, as in fig. 13, it is ssen that the slope of the lineaxr
part of the sorption curve is sualler then the ealculsted slopé.
This behaviour was noted by Cgilvie and pDavis(l9, 20), and they
attributed 1t %o the desorption of air. Analytical resulils
far the effluent CHC1 conéantratinn indicete that the loss of
CHCl from the charcoal before the service time is not gresat
enough to sccount for the disorepancy between the theoretical
and actual rate of increese in weight of the charcosl, sothat
displz ceuent of air from the charocoal by the CNCl1l offers the
only logicel explanstion of the phencmenon. The sorption of

air during the desorption of CNCl, and the converse phenomenon
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of the desorption of air during the sorption of CNCl are clearly
shown in Table 9.
The desorption of air accounts in part for the difference
in the values of the service time as determined by enalysis
fran the weight sorbed-time curve. Referring to ocurve A of fig.
13, 1if the ourved portion of the lsotherm 1is exirspolated back
to toueh the calculnted welght-time line, the aérvice-tﬁne D
thus obtained agrees well with the analytically determined
gervice~time C. This extrapolation is, of course, very in-
accurate, and is intended only to give a quelitative indication
of the resson for the discrepancy in the service~time values,
Service times were plotted agsinst initiel concentrations
(¢,) and against al- for three runs in which the bed depth and
airflow were censtgnt. The theory of Hinshelwood et al pre-
dicts th=t Te, = const., that 13,& plot of 7T againat o, givea?
a rectangular hyperbola. 4is will be seen froam fig. 15, the be-~
haviour of CHCl spproximates to this relation over the range
of concentrations studled. Three points are not sufficlent
to determine the shape of this curve with any dagree of acocureadcy,
and determinetions over a grester range of concentrations might
yield valuable informaticn. The plot of 7T vs. é% {rig. 16)’
is not & straight line, but bends towards the.éz axis at high
soncentrationss. According to Listar's theory, if sorption is
reversible, this line should become horizontal at very low con~-
centrations, that is, T 1ncraasas‘ho reach 8 constant value

as o, decreases. lore runs at lower concentrations should offer

evidence in favour of, or against this theory.



TABLE @
The Desorption of .ir by CHCl and
the Des t f CHCL by & .
Sorption of CNCl Desorption of CNC1l
Rate of Rate of
inocrease Influent Zffluent Time Time Lffluent decrense
Run of cell wt. CrCl CRC1 CRC1 of cell
Ho. Dbeforsireak rate Tate min. min. rate wt
mﬂ.;ng I}}g-/‘min. mg./min. m;[i’&in: ms-;mino
2 63 .6 68. 0 .08 45 154 12.8 14 .0
12 6.6 6.6 .03 13¢ 13 6. 6.5
242 5.0 4.0
470 2.2 1.9
£BLE 10

Yarintion of Service Time with Initial Concentration

d dept 5 ene. Air 1 te 50C 6.0 o/md%e
Initial CNC1 1 Service time
Concontration
O . S, mge/le l??mg. min.
16 0«25 4.00 850
1z 1.03 097 36C

14 1c.8 0«08 8c
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The service time may be visualized as the time when a defi~
nite concentrution gradient is set up through the charcoal bed.
Between servioce time end saturation, this concentration gradient
movee upward through the bed with counstant velooity. It might
be expected thon that some relation exists betwsen the weight of
charcoel sorbed per grem (g-) at the service time and the initial
oonventration for e given bed depth similar $o that between -g at
saturation and the inittiel noncentration. In the former caase,
the § would represent en agverage value, since the CHCl concen~
tration varios ocontinuously throngh the length of the bed. Data
are given in Table 1l for three runs, and the shepe of the é vSe.
8, surves is shown in fig. 17. Curves i and B appear to be simi-

lar in shape, but the latter curve flattens out before the for-

mner.

Temperaturo~Time Data

Tamperature~tins ourves are given in fig. 18 for two rep~
rogsentative runs. The lower ourves i‘epresent the tempersture
of the lower jJjunotion in the cell. The maximum in the upber
curve ocours a short time dbefore breskdown, snd serves as a
good indication of its spproach. The maximum in the lower
ourve ocoours at, or slightly after breskdown. The rise in tem~-
perature ¢f the chareoal bed during sorption stould decrcase
the service time, since & rise in temperature decreascs the
anount of sorption, The theories of dynsmic sorption assume

isothermal sorption ocours, but this is only true when the
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TABLE 11
Weight of CHC1l lorbed per Cram of Charcoal

at Servise Time and at saturation
Bed depth 5 em. Air flow 500 c.c./min./cm.?

InItlal Total ¥t. CACl F3

CHCL wte sorbed st

COLCs CECl Service %t At Satura-~ A% Service
Run e Sorbed Tinoe Charcoal tion Time
&.‘ E’El‘ w‘t @B' ___@50 »
16 G 25 2.20 1.32 32 898 0.002 G040
12 1.03 5 .47 2430 32,708  0.106 0.070

14 1C.8 9.88 5.25 314306 0.314 0.167
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Z vs. INITIAL CONcC. F1G.17.
BED DEPTH $Scm. A1RFLOW 500 c.c./»n.:n./cm?

A-AT SATUVURATION
B-AT BREAKDOWN

2 4 6 g to 12
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conocentration of sorbate is low or when the airflow is large. The
lowering of the tempersture of the charcosrl bed during desorption
has been :uoticed, but no extensive observations on this phenome~

non have bheen made.

Behaviocur of different charcoals

The variation of serviocs time and total weight sorbed with
silver~impregnated and unimjregnated charcoals under similar ex-
perimental conditions is illustrated in Table 12. The CHCl ger~-
vice time is shorter for the unimpregnsted charcoel at both high
and low conceatrations than rfor the silver-impregnuted, and the
weight of CHCL taken up at equilibrium is greater for the latter

charcoal than for the former.
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TABLE 12

Comparison of Unlupregnated and Impregnated Charcoals

Air  flow 495210 6.0./min/om®

Charcoal S.B«Ts {4z i~preg.)
(Volume dotivity 20-2)

Charcoal 3.B. {Unimpreg.)
{(Volume activity 17.7)

Initinl CHCl JService Totel wt.CHCl

CONCe ©, Time at saturation
nge/l. mine _f.
1.03 350 3447
10.8 80 9.85
095 250 2.76

9.27 46 790
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CONCLUST ONS

The dynemic sorption of CNC1l by dry charcoal has been
studied over a range of concentrations, air lowrates and bed
depths. ¥eoight sorved=tine and efflunpt eonéeﬁxration-tlms
curves have been obtalresd, and service times determined for
various conditions. In addition, the terperature rise at two
levels of the charcosl bed has been followed with thermocouples.

The sorption of CHCl on dry charcoal has beeu shown to be
partially reversible. At saturation, equilibrium is shifted
very readily by a small change in the CHCl flowrete. Iaring
desorption, the rate of removal of CNCl decreases steadily
until it reaches a small value, part of the CNCl being held
very tightly by the charcoml. Ho explanation of this behaviour
is offered, but the possibility of the existence of two types
of sorption operating simultaneously, or the polymerization of
the cyanogen ohloride on the charceoal to oyanurie chloride has
been suggested.

The desorption of air during the sorption of CHCl end the
convarse process of sorption of air during desorption of CNCl
has been demonstrated, and hence service tines sud CHCYl flowrates
deternined {10 weight sorbed~time ocurves are not accurate un~-
less the CiCl eoncentration is smell (about 1 mg. per litrej.

The effluent CHCl concentration has been showt to ineresase
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approximately exponentielly with time over an interval past
breakdown, as nredicted by the theory of Hinshelwood et &l.

The product T o, was found to be essentially constant over
the range of coneentrations studied. NO conclusions as to the
validity of Lister's theory when apsplied to the sorption of
CHC1 can be drasn owing to lack of data at low concentrationss.

The resulte described above must be regerded as prelimi-
uary to a great deal of work yet to be done. The effect of
various ocharcoal imprognants and the effect of moisture on the
charcoel are now under investigation using the spparatus des~

cribed proviously.
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SULARY
Cyanogen Chloride - Prepsrsation, vhysical

Properties, Hydrolysis end Sorption on Charcoal

Cyanogen chloride of high purity hes been prepared by frae-
tional orystallization of the product obteined by the method of
Jennings and Scotts Freezing point and vepour pressure measure=
ments have been made on the pure substance.

The hydrolysis of cyanogen chloride in aqueous solution at
pH 4 to 6 has been studied over the range C°C to 50°C. The rate
of hydrolysis was found to be independent of the CHCl concentra-
tion. The sctivation energy caloulsted from initial rates is
20,670 oal./mole.

The dynemio sorption of cyanogen chloride on dry charccal
has been studied at bed lengths from three to five centimetres,
and CHCl concentrations of 0.3 to 1l mg. per litre. Ths sorp=-
tion process has been found partially reversible, and the de~
sorption of CHCl has been demonstrated. The weight sorbed-time
curves are linear f{or part of their length, and fletten out at
saturation. During desorption, the rate of loss of CNCl de-
creasses continuously to a asuall value,; part of the sorbed CKCl
being held very tightly. Service tinmes determined from the
sorption isotherms 5&79 been faund to agree poorly with those
determined smnelytically, and this discrepancy hes been explained
by the desorption of air. The product of the service time and
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ini{tial oconcentration was essentially constsnt over the range
of concentrations studied, a small devistion ocourring at the
higher concentrations. The behaviour of CNCl on dry charoocal
appears to be in asccordencea with the theory of Hinshelwood et

ale
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Cyanogen Chloride ~ Preparation, Physiocal Properties,
Hydrolysis and Sorption on Charoosl.

Cyanogen chloride eof high purity has been prepared by
fractional crystallization, and same physiocal constants have
been determined.

The hydrolysis of cyanogen chloride in aqueous solution
at pH 4 to 6 has been studied from C° to 50°C. The sctiva=
tion energy 1s 20,670 cal./mole.

The dynamie sorption of cyanogen chloride on dry char-
coal has been studied. Sorption has been found to be par-
tislly reversible, and desorption of air by cyanogen chloride
has been demonstrated. The product of the service time and
initiel concentration was found to be essentially constant
over the range of ooncentrastions studied, in accordance with

the theory of Hinshelwood et nl.






