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The findings in this report are not tc be construed as an
official Department of the Army position unless so designated
by other authorized documents.
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- FOREWORD

The work described in this raeport was authorized under Project
1W6€2710A095, Thae work dewcribed covers the third 3 months aof study
undar Contract DAAA15-71-C-0478., This pariod ran from March 1 through
May 1972, Dr., Maria Sauer carried out this study in the laboratory of
the Principal Investigator at Brown Univarsity.

Reproduction of this document in whole or in part is prohibited
except with perminsion of the Commanding Officer, Edgewood Arsenal,
ATTN: SMUEA-TS-R, Edgewood Arsenal, Maryland 21010; however, DDC and
tha National Technical Information Service are authorized to reproduce tha
documant for United Statas Government purposes.
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Barlier work was coverad in reports no. 1 and 2, In view of the new risults,

* DIGEST

The hydrolysis of cyanogen chloride at several pH values has been
studied and rate constants for acid and base catalysis are reportid., The
catalysis by phosphate ions has been investigated.

We have continued our study of (he raaction between cyanogen ciluride
and different nitrogen nucleophiles. Rate constants for the reactior of
cyanogen chloride with glycine, glycinamids, and banzylamine are rapcrted.
In addition a very careful study over a wider range of pH for ths reactious
between cyanogen chloride and several amines has been carried out. Quws~

it is evident that there is a significant acid catalysis of the hydrolysis

reaction at low pH values where the concentratien of free amine is very small.
As a conssquence the rate constant values reported earlisr have baan coriected
considering the acid catalysis of the water and the protonated amine resactions.

The interaction between cyanogen chloride and transition metal ions
has been studied using nickel(lI) chloride and ferrous chloride as sources
of metal ions, Previous results on this mattar are also includad in this
report.
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CHEMICAL REACTIVITY OF CYANOGEN CHLORIDE IN AQUEOUS SOLUTION

I:  INTRODUCTION.

The studies of the reactions of cyanogen chloride with various nucleo-
philes were continued over a wide range of pH. We started the study of
the interaction between metal ions and cyanogen chloride using nickel(II)
chloride and ferrous chloride over the molar ration range 0-1.

II. EXPERIMENTATION.

A. Analytical Procedures and Methods.

As usual with those nucleophiles that form colorless products with
cyanogen chloride, the reaction was followed using the colorimetric procedure
based on the color formed between unreacted cyanogen chloride and
Y~(4-nitrobenzyl)pyridine. The method has been slightly modified: 0.5%
solutions of y~(4-nitrobenzyl)pyridine in the mixed solvent system 50%
acetone - 50X water were used instead of pure acetone. This avoids preci-
pitation of the salts used in buffering the reactant solutions. Also,
when the reactions are carried out at a very low pH the y-(4-nitrodbenzyl)-
pyridine was dissolved in mixtures 50X acetone ~ 50X phosphate buffer, since
the yellow color fails to develop in very acid conditions. However, it

was noticed that at very low pH due probably to the presence of high

concentrations of hydrochloric acid the color tends to faint rapidly with time.

Even so, it was possible to go as far as pH 0.7 (in the reaction mixture)

without losing appreciable accuracy in the process.
The reaction was followed by taking 1 ml of the thermostated reactant
mixture at different times and adding it to 10 mls of 0.5% solution of

Y-{(4-nitrobenzyl)pyridine. The absorbance of the different samples was

recorded at 420 nm using a Hitachi Spectrophotometer. Other than the changes

in the preparation of the y-(4-nitrobenzyl)pyridine solution above mentioned

Preceding Page Blank
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the procodure was <ollowad uxactly as it was previously describad.?
- The spectra of the products of reaction between metal ions and cyanogen
chloride or sodium cyanide was studied in a Cary 135 spectrophotometer.

B. Reactions Investigated.

Nickal(Il) Chloride. Tha spactra of acid mixtures of NiCl2 and
cyanogen chloride, ware studied in molar fraction range 0-1 using a Cary 13
spactrophotomster. Tha NiClz- NaCN mixtures were also studied under similar

conditions in order to compare them with the NiClz- ClCN mixturss.

Both mixturas show no strong absorption in the vieibls, at concentra-
tions 1073 M, but the spectrum in the UV region shows three bands at
310 nm, 284 nm and 267 nm., Figurs I shows a plot of the absorbance racorded
at 284 nm and 267 nm as a function of ths molar fraction for both cases
NiClz- NaCN and NiClz- CICN. As it was expected the formula of the complax
formed betwesn NiCl, and NaCN ts the well known square planar [Ni(CN)a]z'.
This is indicated by thea maximum in the plot. The approximate molar

4

extinction coefficients are in this case €310 " 0.12 x 197, ¢

10 28
and tye, = 2.4 x 0%, In the case of NACly~ CION mixtures under identical
conditions of concuntration the complex formed seems to have a similar
formula ar in the case of [Ni(CN)AJZ' although the obsarved extinction
coefficients ¢ = 0.6 x 10“ and ¢ = 1,5 x 10“ are snaller. Thare are
284 267
some additional axpaeriments we have done with NLClz- CICN mixtures.
a. We folloved the intenaities of tha 284 nm and 267 nm absorbance

with time in mixtures whearse N1*+ vas in excess to the amount required for

+—+
formation of the complex, that is 2;C§+ > %. We observed, in all cases,

a slow disappearance of thes complex (very rapidly formed in the beginning)

ap showt, by the decrease of the 267 nm and 284 nm absorbancies.

1, Edwards, John 0., Sauer, Maria, Quartarly Status Rsport No. 1.
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b, No change with time i{s obsaerved in the spactrum in mixtures which
) CSE
were Clﬁ} - 4!

¢. In case of old solutions of CLCN where HOCN is present due to
hydrolysis:

_ CICN + OH™ = HOCN + Cl~
an locrease in the 267 nm abscrbance is observed. In addition where vary

old solutions of CICN (where all cyanogen is present as HOCN) ars used,
the spectrum of the mixtures consist only of a simple absorbance centersd

at 267 nm.

—— e el

i d, Solutions of [Ni(CN)“lz- wera prepared and an equal amount of CLCN

was added, No change was observed in the spectrum during the following
hour after mixing.

Ferrous chloride, The mixtures of F.Clz and ClCN behave quite
differently from the mixtures of Pocl2 and NaCN at least as far as the spectrum
| is concerned. At concentration about 10-3 M the slight blue colored

solutions of [F.(CN)6]‘- shov no strong absorbance in the visible and UV,

{ The mixtures FcClz- CICN on the other hand show a peculiar behavior
‘ at some concentrations. On mixing both solutions a very light blue color
develops rapidly and the spectrum of this solution shows a very broad and
intense absorption band centered at 265 nm. After approximately 15 minuteas

i the clsar solution turns turbid and a blue precipitate can bae filtered.

1 ~ The spactrum of the now colorless solution shows some bond at 265 nm now
: l vith remarkable lower abaorbancs.

l The blue precipitate could be explained by assuming formation of Prussian

dlua MP.[P.(CN)6] whare M 1is a monovalent cation by oxidation of F0++ by CICN:

10
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Fe™ + clen - re™ ™+ o 4 LT

rett + 6 cn - [rc(cu)6]6'

Fo' 4 (r.(cn)6]" + Fa[Fe(CN) ()

However, at this point, we cannot postulate any definits mechanism.
Hydrolyses of Cyanogen Chloride. Cyanogen chloride hydrolyzes in
basis media according to raaction:
Cl - CN+ OH™ = HO - CN + C1~
The rate of base hydrolysis was studied by Price et al who found
kOH -6 x 102 M-l min-l. Deviations from this value at pH 7.5 were
attributed entirely to catalysis by phoaphate ion.
We have studiad the hydrolysis of cyanogen chloride between pH 0.7 - 10.5.
Despendence of rate of hydrolysis on pH is shown in Figure II. It can be
seen that there is a definite '"water reaction' (as indicated in the bottom
part of the plot) and a small catalysis by the phosphate buffer. The phosphate
catalysis contribution can be sesn from the experimental deviations of the
calculated values.
The rate for the basic reaction was calcualtad from the valuas at pH

2 -1

10.5 and 10 gaving kOH = 8 x 10 M~1 min ©. Tha rate of the water reaction

was calculatad from the bottom part of the plot (considering [H20] = 55 M)
giving kH 0" 6.45 x 10'5 M-l min-l. T"he reaction would be
2

CLCN + H,0 =+ HOCN + c1” + ut

Batwean pH 0,7 and 1.3 the value of kH was calculated considaring
-
kobl = kHZOKHZO] + kH[H ] and the reaction
c1 - cN+ H T [cr-onm)t

(c1 - a’y + HyO + HO - CN 4 C17 + i

80 that kH = 2 x 10'2 H-l min-l.
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At low pH values the reaction was very difficult to study due to t.e
lnilyticnl technique used,

Fhosplrate Ion. The attack of phosphate ion on cyancgen chloride
wvas studied in the pH range 5 to 7, In the solutions at pH 5 where the
phosphate ion is in the form POAHZ-' no catalysis of the hydrolysis reagticn
was obsarved upon incrihase of the total phosphate concentration, However
at pH 6,5 to 7 whare the [PO“H-] bacomes significant an increase in the
rate of hydrolysia with the phoaphate concentration was obssrved. That

18 kopy = kop(OH ] # kph“p[Ph“P] + kuzolﬂzol. Whare

koba™ Kou(OH J - “Hzo[“zw

kphonp - (Phozp)

1f wa conaider the total phosphare concentration, in order to compare our

1l

values with the one rsported by Price et al, we have = 1.6 x J.O-2 M min‘l‘

kpholp
Since we know that the active form involved in the catalyeis is POAH' then
kPO 0" 2,9 x 10'2 M-l min-l is higher since they are including also the

4
water reaction in the phosphate rats constant ~ that im, according to
them: kobn - kOH[OH ] + kp [Phoap] disraegarding tha term kuzotﬂzol.

Nirrogen Nuclecphiles, The reaction betwesn 4-chloropyridine and

hosp

cyanogen chloride was studied spectrophotometrically. Ths yellow product

2f reaction shows s maximum absorbance at 375 nm. Howaver, it was difficult
to obtain a reproducibls value of the rate constant since the chloropyridine
alone seams t> undergo decomposition In aqueous soclution becoming yuite

yellow. The study of reactions with other pyridines were attempted without

much success dus mainly to analytical problems. Among them the 3-sthylpyridine

A . wd
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and 4-ethylpryidine (quite {nsoluble in aqueous solution) and 4-amine-
pyridine weres tried unsuccessfully. Using the colorimetric technique the

reaction betwsen benaylamine and cyanogen chloride was studied 3¢ pH 3.9

to 6.4; glyéinanidc and glycine ware studied in the range of pH 5.3 eo

7. The reactions wero assumed to be!

R - Nﬂz + C1CN =+ 41H & RNH = CN

in all cases as it was praviously dtucullnd.l The calculated second-order

rate constants arae shown in the table.
Rate of Attack of Nuclaophiles on Cyanocgen Chlorids

Nucleophile pka k2 Observations
1. MHydroperoxide ion 11,6 3.3 % 105 to be repeated
2, Piperidine 11.2 1.2 x 10°

3. Methylamina 10.6 1.2 x 10°

4, Sec-Butylamine 10,3 1.2 x 10°

4, Tri-Methylazine 9.74  0.13x 10°

6. Benzylamina 9.37 7.3 % 102

7. Acstaldoxinate Ion 9.13 $.1 x 103 to be repeated
8. Hydrazine 8.1 3.6 x 103

9. Glycineanide 8.1 2.07x 10°

10. Hydroxylamine 5.96 3.7 x 10°

11. Dimethylhrdrasine 6.8 1.8 x 10°

12. y~-Picolins 6.0 50.4

13, Pyridine 5.23 20.4

14. OH 15.7 8 x 10°

15, H,0 - 1.7 6.4 x 1073

16. Glycine 9.8 8 x 10°

17. PO 2.23 8.7 x 10°

18, u,0" 2 x 1072

Iin view of the acid hydrolysis and the magnitude of the watar reaction
it was nacessary to apply a correction to the rate constants for amines

previously roportcd.l'z depending on the pH at which they wecre studied.

2, BRdwvards, John 0., Sauer, Maria, Quarterly Status Report No. 2.
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.it is evident that at pk < 3 kobl kH[H ] + k

Although the idaal sitvation would be to study the attack of amines on
cyanogen chloride under conditions whers thay are totally fres bases
(n-uuz). :ha:-in at a pH > pKa, the fact that amine attack on ClCN

is so fast makes this impossible under our experimental conditions when
the colorimetric method {s used. Thus, at ths pH where ths reactions arm
studied the amines are mostly in the protonated form and the proportion

of free baua has to be calculated considering . the Ka of the anius

Ka

+ -+ +
R-NH3+H20— R-NH2+HJO

: +»
(R - 31,1 (8,0")

;
4
}

» Ka
[R = NH3+] %
Ka(R - NH,") i
(R = M) = i 1
(Ha07)

and the [R - NH2] + (R = NH3+] - [luinc]T. In this way the reaction takes

RS A S

place at a measurable rats since free aminae is present in small concentration
Then, it is necessary to study the reaction in a wido range of pH to see
1f there is any attack by the protonated form of the amine.

Figure III stowa the variation of kobl as a function of pH for hydrazine
and piperidine.

As can bs seen in tha spacified range of pH the sttack by the amine and
other nucleophiles on cyancgen chloride can bs exprassad:

+ +
kobl - kH[H ]+ kH20[H2o] + kRNH3 + [RNHJ ] + kRNHZ[RNHZI + ROH[OH]

+
RNH, + [RNH3 ] at 3 < pH < &

+
if pKa > 6 kobl - kHZO[HZOI + kRNH + IRNH3 ] + kRNHZ[RNﬂzl and at pH > 6

3
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Hobl - kOH[OH] + hRNﬂz[RNHZI. Usually when the reaction is studied at
pH » pKe = J all corrections due to water reaction or protonsted amine
reaction are practically negligible,

With this in uind we have recalculated the rate constants already

roﬁo:tcd.l" and tha new results are shown in the table (page 14).

A Bdrinsced plot of the nucleophiles mo far studied is included, (Figure IV)

IIT. DISCUSSION.

The mechanisa of reaction between transition wetal ions and cyanogen
chloride is at the moment not very well understood.

1f the complex formed betwesn N1*+ and CICN is actually [ui(CN)‘lz'
some oxidation of A must take place in order to account for the pressnce
of cyanide ion |

-+

M v 2o s T e "

TR e (i [Ni(CN),‘]z-

Ca the other hand, thas formetjon of a complax Latween N1++ aad CICN can.ot
be axcluded. It would appear that aleso HOCN iorms ¢ complex with N1++ with
a completely different spectrum than NL(CN)“Z'. At this poini, a kinetic
study of the rapid complex formation would actually provido some clue as
to the mechanisz of the reaction.

In addition, thers is no way by which we can explain the decomponsition
¢f the cotplex by excass of N1++. Some kinetic studies on these mixtures
will probably help us in finding some possible mechanism.

In the Euclz- ClCN mixturec the facts seem to be easisr to explain

and the actual oxidation of Fn** by CLCN appears to take place at a measurable

rate. Again we will need some kinetic studies in order to prove this point,

TR I I T TR PR SO SRR+ I R
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The study of the hydrolysis of cyanogen chloride became absclutely
necessary sirce we are studying the aqueous chemistry of CICN. 1In
general our results in basic solutions agree roughly with the value
obtained by Price et al: k, = 6 x 1072 ¥ min"l, The scid hydrolysis
is assumed to be a catalysis of the water reaction although it is known

that nitriles dacompose in concentrated acid solutions giving the

corresponding amide!

+ ‘,NH NH
R-cN+HO 3 R-c¢ - R~ C

’ \\OH Q§0

In case of Cl-CN, howavar, the Cl-C bond is waak enough to make the Cl-CN
decompese according to a hydrolysis mechanism bsfore the above resction
takes place,

The correction applied to the nitrogen nuclecphiles rate constants
previously found change slightly the slope of the Brénsted plot to 0.37.

Actually, the machaniaz of attack on cyanogen chloride by protonated
amines remains unknown, however our primary concern so far has been to find

reliables constants for the fres amine rats constants.
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19 ABSTYRACT
- g/The hydrolysis of cyanogen chloride at several pH values has been studied and
raté constants for acid and base catalysis are reported. The catalysis by phosphate
ions has' been investigated.

We have continued our study of the reaction between cyanogen chloride and differe
nitrogen nucleophiles. Rate constants for the reaction of cyannaen chloride with
glycine, glycinamide, and benzylamine are reported. In addition a very careful
study over a wider range of pH for the reactions between cyanogen chloride and several
amines has been carried out. Our earlier work was covered in reports no. 1 and 2.

In view of the new results, it is evident that there is a significant acid catalysis
of the hydrolysis reaction at low pH values where the concentration of free amine is

- very small. As a consequence the rate constant values reported earlier have been
corrected considering the acid catalysis of the water and the protonated amine
reactions.

The interaction between cyanogen chloride and transition metal ions has been

Previous results on thin matter are also included in this report. &

)
} studied using nickel(II) chloride and ferrous chloride as sources of metal ioms.
i
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