
Lawrence Berkeley National Laboratory
LBL Publications

Title
The Rate of Aquation of Dichlorotetraaquochromic Ion as a Function of pH in Chloride 
Media

Permalink
https://escholarship.org/uc/item/4222j356

Authors
Merideth, Charles W
Mathews, Wayne
Orlemann, Edwin F

Publication Date
1963-05-01

Copyright Information
This work is made available under the terms of a Creative Commons Attribution License, 
available at https://creativecommons.org/licenses/by/4.0/

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/4222j356
https://creativecommons.org/licenses/by/4.0/
https://escholarship.org
http://www.cdlib.org/


UCRL-10787 

University of California 

Ernest 0. 
Radiation" 

lawrence 
Laboratory 

TWO-WEEK LOAN COPY 

This is a Library Circulating Copy 
which may be borrowed for two weeks. 
For a personal retention c~py, call 
Tech. Info. Division, Ext. 5545 

THE R"A TE OF AQUA TION 

OF DICHLOROTETRAAQUOCHROMIC ION 

AS A FUNCTION OF pH IN CHLORIDE MEDIA 

Berkeley, California 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



UNIVERSITY OF CALIFORNIA 

Lawrence Radiation Laboratory 
Berkeley, California 

Contract No. W -7405-eng-48 

UCRL-10787 

THE RATE OF AQUATION OF DICHLOROTETRAAQUOCHROMIC 
ION AS A FUNCTION OF pH IN CHLORIDE MEDIA 

Charles W. Merideth, Wayne Mathews and Edwin F. Orlemann 

May 1963 



.. 
. • ~. 

·' ------ -· -- ----- . _ _._~--· ... ··~ -

THE RATE OF AQUATION OF DICIILOROTETRAAQUOCHROMIC ION 

AS A FUNCTION OF pH IN CHLORIDE MEDIA 

Charles ~1. Merideth, ~layne Mathews and Edwin F. Or~emann 

Inorganic Materials Research Division of­
Lawrence Radiation Laboratory and 

Department o:f Chemistry. 
University of California 
Berke~ey, Ca~:fornia 

UCRL-10787 

ions has been determined in chloride media o:f ionic strength 0.5 

as a fUnction o:f pH over the range 1.0 to 3-7 and :found to be 

-1) 1.55 X 10-5 
k(min. = 0.0050 + , 

[H+] 
The results are discussed in 

relation tc '- ;dsting data and in terms o:f a proposed mechanism . 
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Introduction 

The rate of aquation of dichlorotetraa.quochromic ions, hereafter 

. + 1-5 
referred to as CrC1

2 
, has been reported by several investigators. 

These workers disagree either in the dependence or the rate on hydrogen 

ion concentration or the value of the rate constant or both. 

In the present work the rate of aquation was followed spectre-

·photometrically over a pH range of 1.0 to 3.7 and a concentration of 
. + 

0.005 .!:! to 0.008 !:! in CrC12 • 

~erimental Method 

A Cary model 11 spectrophotometer was used to measure the change in 

absorbancy of the solution at 700 mJ.L as a function of time. Stoppere.d 

Corex 10-cm cells were employed and air v1a.s used as a reference. The · 

absorbancy of the solutions without the chromic salt was measured against · 

air and this value was subtracted from the absor-oancy of the chromium. 

solutions. All determina.tion""were made at 25 '! 0.05 °C. Solid 

(CrC1
2
(n

2
o)4)cl.·2H

2
0 was prepared by the method outlined by Elvint\:BJ:td 

6 . 
Zemel, and characterized by analysis of percent water and chloride. The 
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·salt prepared in this manner has been shOim to be predominantly the trans 

. isomer. 7 ;Weighed amounts of this salt l·lere dissolved in solutions of HCl 

and NaCl of suitable ionic strength and the pH was determined by a 

Beckman model G pH meter. 

Results and Calculations 

Determination of' the Rate Constants. · 

The following equation can be written for the total absorbancy of 

the solution at any time t: 

+ a [Cr+++] } 
3 

++ 
Since the rate of' aquation of CrCl is known to be much smaller than 

(1) 

+ . +++ 
that of the CrC1

2 
species, the concentration of' Cr ion at the early stages 

of' the experiment will be very small. This factor and the fact that the 

absorbancy index of 'the Cr+++ ion is approximately 0.6 at 700 lllj.1 permits us 

to neglect the contribution of' the Cr+++ ion to the total absorbancy at ' . '· 
the early stages of the experiment. vlithin this approximation and neglecting 

the back reaction, the following expression can be derived for the total 

absorbancy as a function of time: 

(2) 

Dividing through by A0 and rearranging, we can write 

. kt 
-- "+ 2.3 (3) 
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where A =. total absorbancy at time t 

A0 == total absorbancy at time t = 0 

k 
' + 

= first-order rate constant for the aquation of CrC12 
+ a1 = molar absorbancy index of CrC1

2 

a2 
++ = molar absorbancy index of CrCl 

-[CrC1
2

+J,
8 

=molar concentration of [CrC1
2

+] at t = 0 

l = length of cell 

From this equation values of k. at the various pH's were calculated. 

Fl Figure 1 shows typical plots of eq. 3 for the lowest and highest pH used. 

8 

9 

TI 

The rate constant, k, was evaluated f'rom the slope of the straight portion 

of these curves. In all determinations the linear region covers approximately 

two half-lives. At times greater than two lialf-lives the conversion of 

significant amounts of CrCl++, a
2 

= 4.0, to Cr+++, a
3 

= 0.6, leads to a 

larger decrease in light absorption with time than that predicted by eq. ·3, ' 

as shown by the data in Fig. l. 

In analyzing the exPerimental data, a value of 4.0 was obtained for 
8 ' 

a
2 

as an aveFage of the data reported by Gates and King and Taube and 
\ 

MYers.9 For a1, King7 gives 11.6 for the cis isomer and 13.2 as the value· 

for the trans isomer. Since the rate of isomerization of these species 

is Unknown, we chose to use an ~verage value of.l2.4 for a1 in the evaluation 

of our data. This leads to an uncertainty of t 6% in the ratio· of a!a1, 

which in turn leads to an uncertainty of ! 3% .in the reported values of k. 

Dependence of the Rate Constant on pH. 

Table I .shows .. the :values:·.;of k measured· at the various :PH's and in 

F2. Fig. ·2 we have plotted k versus 1/(H+) ', where the symbol [H+]' = antilog (:~pH). 



-4-

t (min) 

1.00 100 200 300 400 

0.8 

0.6 

Nl -0 0 0.4 
I 

<(I.£ 

0.2 Lower scale 
pH=3.69 

0.1~--------~----------~--~~~--~--------~ 
0 10 20 30 40 

t (min) 

MU-304S9 

Fig. 1 



-5-

O.OSr--------.---------.--------.---------.--------. 

1
C:: 0.04 
E 

0.02 

1000 2000 
I 

[H+]' 

Fig. 2 

0 

3000 4000 5000 

MU-30488 



. . ~ . . . " 

r.---,--..,....· •.,.;. . .,.,--~~.,.::,:·~~·--":':::.-~ ... ,..,.., ... ,__,.,.... ·~--=---~"·"'""-·"""'·····"""··-'-='·-·"""'· · .... ··_..___:;.,.----~~-~~,-;.:.-~~7-"t:c<:;' ~~-'.!-~.~-'-.~·.··:.;.."'-,.." ~ ...... -.~-.;...:.·~---~ 

-6- .. UCRL-1078'"( 

TABLE I 

RATE OF AQUATION OF CrCl; AS A FUNCTION OF pH 

pH 3•69 3.66 3.47 3.37 3.28 r 3.21 2.80 2: • .50··, 2~39~· 2.35 l. 75 ·1.0 

. k X l03(m:in71
) 70.80 69.20 42.80 35.4o 31.10 25.4o 13.50 9.45 10.40 7.22 4. 72 4. 7 

·The data ;Ln Fig. 2 1-1ere analyzed graphically to obtain the following equation · 

for the rate of' conversion of' CrCl+ to CrCl++: 2 . 

1.55 x io-5 
k = 0.0050 + 

[H+],. 

In evaluating these data,· two effects that influence the pH during 

(4) 

an experiment need to be considered. First there is the initial hydrolysis 

of the added CrCl
2 

++ , which gives rise to a change· in pH that is easily 

measured before any significant amount of reaction has occurred. It is 

these measured initial pH values that are reported in Table I and Fig. 2. 

+ The second factor is the hydrolysis of the CrCl species formed during the 
' · ... 

reaction, which gives rise to a continuous change in pH during the reaction. 

In the determination at pH = 3.69, for example, the pH decreased to 3.50 

over a 24 min. interval as determined in a separate experiment. This 

should be born in mind in regard to the reliability of' the data as given 

in Table I and Fig. 2 at pH great~r than 3.3. 

Discussion. 

Comparison with Existing Data. 

The results of' this investigation are compared with the existing 

TII data in Table II. 
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TABLE II. 

REPO~TED FIRST-ORDER RA'.L'E CONSTANTS FOR THE· AQUATION OF 

DICHLOROTETRAAQUOCHROMIC ION 

Investigator Method 

Present study ·. Spectrophoto-
metrically · 

a Bjerrum Conducto-
metrically 

Lamb and Fondab Conducto-
metrically 

Nazarenko c Argentimetric 
·titration 

- d 
Hamm and Shull :.. . Dropping 

mercury 
electrode: 

Ibra.z, Virgili. \ Dropping · 
and coi;rtae . mercury 

electrode 

a Ref. 1 . 
. . b 

Rei'. 2. 

c. Rei'. 3· 
d Ref. 4. 
e· 

Rei'. 5· 

·k(~:l) 
·.· ,' 5 
0.0050 + 1.55 .. J!:. 10-. ' 

. . [H+)' 

. 6 -5 
0.00272 + l. 2 X 10 . 

[H+] .. 

0.00265 + l.42_x 10~5 
. ' + 

. [H] 

. , 
. ,.-· ... 

I' 
6.55 X 10-3 . 

4.1Q X 10-3 

. -3 
5.30 X 10 . 

. . -4 
. 5.20 X 10 . 

'. . -4 
. 10.30. X 10 

f Referred to antilog {-pH)~ 0.01j all other data referred to ·actual [H+]~ 
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It is apparent that our results are in substantial agreement with 
4il 
'!_J 

the data re~orted in refs. 1, 2, and 3. The disagreement shown by the 

entries for refs. 1.1-: and 5 in Table II suggests a systematic error is 

involved in follOWing this reaction at the dropping mercury electrode . 

. In fact the rate lavT found for aq~ tion of' CrCJ. ++ · as determined in this 

10 La.boratory10 is in substantial agreement 'tvith that e;iven in Table II for 

ref. 5. It would thus appear that the reaction actually being f'ollOived 

at the dropping mercury electrode is that of' the aquation of ·crCl ++. This 

can be explained by assuming that the chromous ion formed at the electrode 

+ ++ . 
rapidly converts CrCl2 to CrCl according to the following fast reaction: 

* + ) '* ++ _ CrCl
2 

+: Cr(II ~ _ Cr(II) + CrCl . + CJ.- (5) 

9 4 -J. -1 . which has a rate constant of roughly 10 !:! min. • 

Mechanism. 

Although the starting chromic salt used in these measurements has been 

' 8 ' 
shown to be predominately the trans isomer , our data cannot be said to 

refer only to'.,the rate of aquation of' this isomer. The absence of significant 
'\ 

experimental deviation of' the data from eq. 3 as shown in Fig. J. does not 

rule out the possibility that part of the actual reaction path is conversion 

of the original trans isomer to the corresponding cis isomer a.nd the 

aquation of the latter species. In view· of' the term 0.0050 min. -l in the 

rate eq. 4, this value may be taken as an upper limit for the aquation of' · 

the trans CrCl2 ++ species •. 

The second term in eq. 4 represents the dependence of the forward 

reaction on the concentration of hydrogen ion. In light of the inverse 

hydrogen dependence the following mechanism is assumed, in agreement with 

that outl.ined'by Eamm and Shul1,
4 

to account for this term in the rate law. 
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rapid 
> 

slow 
C~Cl2(H20 )30H + Hl) -~> CrCl(H20 )4oH+ + Cl. 

rapid 

H+ + . CrCl(H
2
8)4oH+ -t!!:-<-----

........ 

· .. • 

This same type o:f mechanism is generally accepted in regard to many related 

reactions.11 

The rate constant :for the aquation o:f CrC1
2

(H
2
o)

3
oH is 6.21 

' + 
as compared with 0.0050 :for the .CrC1

2
(H

2
o)4 species. This rat.io o:f 

approximately l24o is -in agreement with that :found in many analogous systems 

and is subject to the same general interpretation.12 
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Figure Captions 

Figure l. Experimental data analyzed by equation (3) at pH :::: l.Ol 

- and 3.69. 

Figure 2. The-dependence of k on acidity at 25°C and ~ = 0~5 (NaCl added). 
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