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The development of a new PFHS (prec1p1tat1on from homogeneous

'so]utipn) method for the determination of nickel is reported. Cyc1oheptane-

dionedioxime was generated from 1;2;cycloheptanedione and hydroxylam1ne

in solution in the presence of nickel ions to proéuce niékel cycloheptane-
dionedioximate crystals. The reported method of synthesis of 1,2-cyclo-
heptanedione was modified in order to obtain a pure product.

We report the results f%om kinétic studjes on the nickel cycloheptane-
dionedioximate precipitation reaction both in the absence and in the
presence of two foreign ions, cobalt(11) and copper(11}. .

The developed PFHS method was useful in studies on the cqprecipitation
of COQQQt and copper with nickel cycioheptanedionedioximate. 'Diétribution
diagrams were prepared using the two c¢lassical distribution laws for both
systems studied. None of théhiiﬁft{ng 1éws provided a sétisfactory explan-
ation of the observed data. Dégiatiom;observed in the behaviour of homo-
genous distribution coefficient and logarithmic distribution coefficient, D

and A, are interpreted in terms -of kinetic parameters. The functional

" relationship between D and x and the rate of nickel tycloheptanedionedioximate
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prec1p1tat1on 15 reported J..e:_i,fi ‘; ”;-_. ff-'

A k1net1c mode], wh1ch re]ates the rate of prec1p1tat1on per e

~

part1cle and the d1str1but1on coeff1c1ents was also tested 1n both co—"&

-

'prec1p1$atwpn systems. The mode1 was found to be useful. on]y to a

-

.limftedfexteht.
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s, L. INTRODUCTION"—- )

1.4, Gravimetric Technique 1n Ana]ytica] Chemistry

. A (1) Convent1ona1 prec1p1tation method

"\ . .
The phenomenon of prec1p1tat10n, so fam11ar from our experlence

in qua11tat1ve analysis, is in rea11ty one of the most comp11cated

processes we deal with. As Professor D1eh1 s remark suggests —
"The reaction between nickel’ salts and the organic compound
dimethylglyoxime, yielding the br1111ant red inso1ub1e
nickel compound familiar to all who have studied qua]itative
analysis was discovered by the Russian chemist Tschugaeff
in 1905. .The striking beauty of. the compound and its
remarkable insolubility are frequent cause of comment. No
less striking, however, is the very anomalous chemical
character of the compound and the remarkable change its
advent made on the analytical chemistry of the metals,
particularly that of nickel.----"*

there are"many aspects of precipitation prooesees that scientists have
been trying to understand. Even though the reaction seems apparently
sfmp]e in a precipitation procedure, scienfists have encountered numerous
prablems in understanding, during the normal stages of nucleation and
crystal growth. And yet, gravimetric analysis has been the most |
fundamental and the most applied method known to chemists, _Gravimetry,

in fact, is one of the oldest methods known for the separation and
)

Quoted from the introduction of the monograph by H. Diehl "The Application
of Dioximes to Analytical Chem1stry“, The G. Frederick Smith Chemical Co.,
Columbus, Ohio, 1940,



'
PR k]

determlnat10n of chem1ca1 compounds 'ThdUdh new'énd rapid inStrumenta1'

techn1ques are beina developed in the present day. of modern"teéhﬁology, o
‘there are st111 occasions where a qrav1metr1c detenn1nat1on is the
f’famost usefu] method of analys1q Despite the 0ccas1ona1 1engthy and
- t8d10US prOcedure. 1t 1s well recogn1zed as- the most accurate and re11ab1e

e

means of chemlcal analysis. | o . L J?

- Since the deve1opment of orqan1c che1at1nq aqents (in.the Forties)

which.are sensitive to some metals, the app11cat1on of qrav1metr1c
procedures has been extended significantly. The ab111ty of a reaqent to
prec1p1tate certa1n ‘metal ions is generally recognlzed a]thouqh the
complete story of precipitation process is seldom exp1a1ned
A qrévimetric method, however, can be used only if it fulfills
the following general requirements: {1} the precipitétion must be complete;
(2) the precipitate finally weighed must be a pure substance of
known chemical composition. The purity of a precipitate may be affected by
coprecipitation and post-precipitation processes as well as other factors
L such as particle size, solubility, foreian ions, specificity etc. The
‘direct addition of a precipitant to a solution, which is the usuaf
procedure in a conventional procedure, results in a heterogeneity of
condiflons. In the vicinity where the precipitant has been introduced,
the. formation of the solid phase takes place under conditions such that °
the solutjon concentrations vary between very wide 1imits. Precipftates ;;;
nearly always carfy down certain amounts of soluble impurities and thus -l-

the problem of the contamination of precipitates has always been a major

aspect of investigation in gravimetric separation.



A -new gravimetr1c techn1que was undoubted]y des1rab1e not
a'only for the product1on of pure prec1p1tates, but a1so to ga1n the

.ab111ty of controlling the rate of the react1on so that the comp11cated

phenomena involved in prec1p1tat1on processes cou1d be stud1ed

I A (2) Prec1p1tat1on from homogeneous solut1on o

In 1937, a new prec1p1tat1on techn1que capable of produc1ng dense,-
read11y filterable, well-formed crysta]s with minimum coprec1p1tat1on was
.-proposed by H111ard and Tang (1,2). The investigators used the hydrolys1s
'of urea in so1ut1on at 90 to 100 C to produce ammonia thus increasing the
pH level of a reaction mixture gradually. The rate of hydrolysis is
‘dependent on the temperature and can be quickly terminated at a desired
pH Tevel by EOO]ing the reaction mixture. Thus, it offered an ideal
technigue fof controlling the mode and rate of addition of a precipitant.
The technique became‘knonn as otecipitation from homogeneous so1ution,
"PFHS'. Its basic principle is that the required chemica] species are
generated slowly by a homogeneous chemical reaction within the solution
rather than by addition of the precipitating agent in the customary manner.
The precipitate is thus formed by a process which eliminates the undesirable
concentration effects that are the unavoidable consequences of direct
addition of the precipitant.

PFHS appeared as one successful method capable of controlling
the precipitation rate in order to obtain a better product among other

projects aiming for the same goal.r Stock in 1900 used a mixture of

solutions of potassium iodide and potassium iodate to remove the acid

- e



aformed by the hydro]ys1s of a1um1n1um chlor1de in the prec1p1tat1on
y'of hydrated a]um1n1um ox1de (3) 5 S1m11ar attempts to reduce the
ac1d1ty of & reaction m1xture in order to promote prec{o1tat1on were
tr1ed by Sm1th (4) Chance] (5), and Dorr1ngton and ward (6) 1ndependent1y.
- S1nce the 1ntroduct1on ‘of PFHS by Willard- and Tang. many workers - |
have ot111sed and expanded the bas:c concepts The-hydro]ys1s of-urea
,‘espec1a11y cont1nued to form the bas1s of several new PFHS methods |
Several/reports descr1b1ng a w1de variety of prec1p1tat1ons by urea..
hydrolys1s were contr1buted by ordon and H111ard (7). Such analyt1ca11y.
1mportant.prec1p1tates as metal ‘pxalates (8), formates (9), Bahydroxyquinolates
(10,11), phosphates (12), and sulphates (13), have proved the successful
application of the urea method in gravimetry. '
In addition to the urea hydro]ysis-technique, other interesting.

PFHS methods such as the release of precipitating jons within the

solution, the replacement method, direct synthesis of reagent in situ and

precipitation from a mixed solvent abpeared later in the literature. The
aduantages of PFHS were recognised by chemists and the principle was
applied in many different ways;

Either'an anion or a cation serving as a precipitant can be gen-

erated homogeneously within a solution. For the synthesis of an anion,

in situ, a suitao1e hydrolytic compound capable of producing the desired
ion was introduced into the metal jon solution. Solubility in water and
a satisfactory rate of hydroiysis are requirements met by some amides,

esters, amines and acids and a variety of them-have been used as precursors,
‘ A

g



_Hexamethylenetetram1ne (14) and acetam1de (15, 16) have been used to

"re1ease hydroxy1 1on OxaTate 1on was produced by hydro1ys1s of .

i'd1methy1 (17 18 19) or d1ethy1 oxa1ate (20 21 ,22) whereas th1oacetam1de h"

was ‘used .for generat1on of su]ph1de (23) Other precursors are’ capab]e
of produc1ng the su1phate 1on (24 29), carbonate 1on (30), 1odate ion -
p(31), chromate (32) -and phosphate (33) and 8- hydroxyqurno]ate ions (34).

In the cation re]ease technique, the des1red cat1on is usually held

+

in so1ut1on 1n1t1a11y as a re1at1ve1y stable complex Destruction of

the complex by chang1ng the pH of the so]ut1on or by a chemical attack
(35) sIow]y releases the cat1on into the solution., EDTA complexes have
.been thus utilized (36,37). The pH of the solution can be altered by

- tge hydroiysis of a suitable ester to produce an acid or'by the volatilis-
ation of ammonia from the system (38,39). Alternatide]& cations can be
released hy a replacement method making use of the different stabilities
of cation complexes. The metal to be precipitated is first compieied and
then a solution of another metal that forms a more stable complex is
added releasing the metal forming the less stable complex. Firsching
reported the precipitation of barium suiphate by adding a nickel solution
to a mixture of barium EDTA complex and sulphate jon {40). A similar
method was developed by the same author in which barium ion from the
barium EDTA complex was disp]aced.when a dilute solution of magnesium
chromate was added (41). Nickel dimethylglyoximate has been precipitated
by a similar PFHS method (42). Cerium (III) was converted to the desired
cerium (IV) in the presence of iodate in the method of changing oxidation

states of metal jons reported by Willard and Yu (43).



ANRN

‘}‘ Another techn1que for PFHS 1nvo]ves the d1rect synthes1s of
W

'}‘prec1p1tat1ng agent in solut1on It has qreat1y 1mproved and extended the
‘ yse of chelat1ng agents as prec1p1tants for several meta]s ,The '

d'first d1rect synthes1s method was reported in 1955 by Tarasev1ch (44

-N1trous aC1d and 1, 2: pheny]ened1am1ne were - reacted in the presence of
e1ther copper or s11ver to produce 1H- benzotr1azo1e in équeous solut1on
A s1m11ar.;ype of proqedure had been deve1dped in 1935 by Barnicoat
although not classified as PFHS t45). In'the‘determinatidn of biacety]
in butter, nickel fon and hydroxylamine were added to precipitate nicke1\
dimethy]egoximate. This method was not realised until 1952 when
Bickerdike and Willard proposed a PFHS procedure for the precipitation of
nickel dimethylglyoximate by urea hydrolysis (46). The direct’aynthesis
of dimethylglyoxime,in situ,was proposed later by Gordon and Salesin
(47-50) by reacting biacetyl and hydroxylamine in solution in the presence
of nickel. Remarkably improved properties of the crystals were obtained
by PFHS as compared with conventional precipitation.

////) Numerous works on the application of metal chelates in PFHS con-
tinued to appear in the literature. Furfuraldioxime (51), 8-hydroxy-
quinoline (52-57), cupferron (58); a-nitroso g-napthol, salicylaldioxime. (59-60)

(61-62), 8-hydroxyqu1néldine (63) and N-benzophenyl hydroxylamine (64) were

synthesised in situ for precipitation§ of several metal ions. Precipitation
processes with metal organic chelates were reviewed by Gordon et al. (65)
and Firscding (66,67).

A related method termed the mixed solvent method involving insoluble

metal chelates was proposed by Howick and coworkers (68). The investigators



'1prepared a water m1sc1b1e organ1c so1vent system conta1n1ng all the

—

.react1ng spec1es and 1nduced the prec1p1tat1on of metal che]ate by vo]at11-_' f
1zat10n of “the 501Vent -51m11ar methods were app11ed for some meta]
8- hydroxyqu1no1ates (59 73) .and d1methy1g1yox1mates (74) | A
| An 1nterest1ng but rarely app11ed method is PFHS by photochem1cal
action. Only 1imited usage of the method has been reported (75 76) to
 date. . )

Si;ce,it possesses many obvious advantages ovgrkconventioha1
methods, PFHS has been used to develop improved gravimetffc methods
qf analysis. Several app]ications of PFHS in chemical technology have
been developed (7). The method has been used in the removal of iron
from minor constituents (77) and in the separation by fractional precipit-
ation of chemically similar elements such as zirconium and hafnium (19)
and the rare earths (17).

Use of PFHS techniques in nucleation processes and some kinetic
and mechanism studies have been reported. The slow processes involved
in PFHS are well suited to systematic studies of chemical reactions.
It provides remarkable use in coprecipitation studies since experimental
processes with near equilibrium conditions between the surface of the
solid and the solution can be obtained. One can learn more about the
nature of coprecipitation because the techniquelfaci1itates the measure-
ment of distribution coefficients. In practice, however, PFHS demandé
fairly detailed studies of the experimental conditions necessary to

develop a successful method.



| T.A (3) The chem1stry of vic- d1ox1mes and the1r app11cat1on in PFHS methods e

S - As- stated in the prev1ous sectwon. prec1p1tat1on processes w1th 7
metal. organ1c che]ates have been widely app11ed in PFHS and 1n mostJ
appT1cat1ons have produced prec1p1tates of super1or qua11ty to those-

: convent1ona1]y precipitated. (There are a few cases reported where
‘phys1ca11y 1mproved prec1p1tates could not be produced by PFHS). In
developing methods for the in situ synthesis of the organic reagents,
however, some 11m1tatlons have to be cons1dered The prec1p1tate mus t
be synthes1sed in an aqueous medium, 1n the presence of metallic ions
and often at a f1xed pH so as to insure quantwtat1ve precipitation.

Several d1ox1mes have proved to be compatible with these requirements.

There is no doubt that dioximes are recorded as superior pre-

cipitating reagents in conventional methods. Banks discussed the

chemistry and uses of dioximes in a review article (78). For con-
ventional orecipitation methods, solubility of the reagent and sensitivity
towards metal ions are of major concern. Structural effects are
responsib]elfor sensitivity of the dioxime. Compounds of high molecular
weights and with a long hydrocarbon chain are usually desired since an
increase in the chain length helps inake the oxime sensitive as well as
improves the gravimetric factor. Structural studies showed that the presence
of benzene rinas and cyclic qroups in the molecule allowed formation of metal
oximates in both acidic and alkaline media (79). From a structural point
of view, methyl benzyl dioxime, benzyl dioxime, and a-furjldioxime were

reported as suitable analytical reagents (80).

The so]ubility of the reagent is very important for a precipitating.



“

'-agent The use of an érganic so1vent to soWub111se the reagent 1s 1ncon-
. venient and can 1nduce reagent coprec1p1tat1on and so]ub111ty of the .
‘prec1p1tate Many attempts have been made to comp1ete1y so]ub111se
7d1methy191yox1me but noneqcou1d prov1de sat1sfactory results: (81 -87).

The great demand for water soluble dioximes has promoted the deveﬂopment
of improved prec1p1tat1on methods as well as synthesis of new d1ox1mes
~including cyclic-dioximes. Benks and coworkers reported on a collection
of water saluble 1,2—dioximee as analytical reagents,ubdt only two

of them are sufficiently soluble in water for use in aquebys solution,
1,2-c}c1ohexenedione dioxime and 1,2-cyc1oheptaeedione dio?ime (88). ¢
From the structural point of view, these two oximes.have fedourable
characteristics. Both réegents have been utilised with satisfactory

results in some gravimetricland ;pectrophotomeiric methods (89-95).

It seems, therefore, that cyc]oheetaned%enedioxime and'cyclohexanedi:"

‘onedioxime could ee”synthesised, iﬂ situ, and used in a similar manner

as in the precipitation of njekel dimethylgiyoximate by reaction of

biacety)l and hydroxylamine. t}&]oheptanedionedioxime, particularly, is
suitable for the purpose because of the following advantages: it is

soluble in water (4.8 g/1 at 19.5°C - nine times higher than the cor-
responding solubility of dimethylglyoxime}; it has a higher molecular

weight than dimethylglyoxime and has a wide range of pH values for
quantitative precipitations. It possesses almost all the good ehdracter-
istics of both dimethylglyoxime and cyclohexanedionedioxime witbout

their disadvantages. Conventional precipitation with nickel ions has

indicated that quantitative determination can be achieved in the presence

of some anions and several cations, including aluminum,chromic, ferric,
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) I;A(d) .Kinetic aspects of dioximate'fofmation*reactions

I

cobalt and manganese (88). Thus, an 1nvest1gat1on of 1ts use 1n a .

d1rect synthesis PFHS procedure m1ght be worthwh11e

¢

"As ear]y as 1n 1882, the str1k1ng d1fference 1n the o

case of react1on of carbony] compounds w1th hydroxy]am1ne
were observed and dlscussed In the‘succeed1ng years, the
considerable practical and theoretical sionificance of‘oxime
formation stimulated numerous investigators to study the
rate of oximation oT-a-variety of compounds. ... '*
'z: As noted in the above paragraph, the kinetics of oximation has
been intensely studied by chem1sts for several years. C]assica1
stud1es by Barrett and Lapworth {96), Olander (97), and otners (98,99 )
on react1ons of carbony] compounds with nitrogen bases have led to
the conclusion that these reactions follow a second order rate law,
be1ng first order in the carbonyl compound and first order Jin the nitrogen
base The exper1ments have also revealed the striking maxima in the
rate -pPH profiles. The apparent similarity of semicarbazone formation™
and oxlme formation was clearly recognized and both were usually studied
together. ’

- The work of Stemple and Schaffe] concerning the kinetics and
mechanisms of reactions between phenylhydrazine, semicarbazine and
hydroxylamine and the optically active ketone, d-carvone eitablished the

absence of a primary salt effect, the presence of general acid catalysis

*Francis W. Fitzpatrick and Joseph D. Gettler, J. Am. Chem. Soc. 78, 530
(1956). ,

T
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: and the - second order nature of - the react1on (100) In 1955, Fitipatnick-
| and Gett]er studied the kinetics of oxime formation of severa] ketones |
' inc]ud1ng acetone furfural, cyc1opentanone-and cyc]ohexanone (101).

“Their results indicated a second order reactlon and the absence of

detectable variations in the specific- rate with variation in the 1n1t1a1
concentration of. the reactants.
More detailed study on the mechanism of oximation reaction was

performed by Hine (102)who proposed the reaction sequence

‘fast
Sceowma T DC=0---HA (a)
~ - ~ /OH HA ( )
~C = 0---HA + H,NOH C * b
2 slow -~ T NHOH !
OH '
~ s - ~ .. : {c)
- C ..-7C = NOH + H,0
PN NHOH ja‘s’t.’ - . ’ 27,

Accord1ng to his suggestion the reaction rate 1ncreases with the acidity

of the reaction solution up to a point due to the 1ncreased concentration

T

of the carbony] compound present in the form of a more reactive complex

e

~“and subsequent]y decreases with increased acidity when-the amine 15

trang{ormeﬂ to its unreactive salt.

. ' + - +
e HOT # HNOH T HNOHT + HyO (d)

‘Mammett (03) shows that the structure of the intermediate could be



of n1cke] dimethylglyoximate from homogeneous solution (47)

were indicated as follows:

32

AR TG N
7O NHOH |

In 1959 when Jencks (104)puh115hed the ;esu]ts of h1s 5tud1es
on the mechan1sm of oxime and sem1carbazone format1on (pyruvate anion,
'henzaldehyde. furfural, acetone, cyclohexanone) a carb1nolam1ne

structure was proposed as the intermediate species.

& The author further proposed the following sequence for the

reaction of nitrogen ba¥es and carbonyl compounds in neutral aqueous

solutions /
2
— -~ —_— ™~
NR — C f— C = NR + HOH
2 -

'This:suqqested that the rate determining step at neutral pH
1S not the attack of the nitrogen base on the carbonyl but is the acid
catalysed dehydyation of the carbinalamine.

\ A.particular oximation reaction, the reaction between biacetyl

and hydroxylamine was studied by Gordon and coworkers in the prec1p1tat1on

. The reactions. . . . . ..



o CHL-C=0

S N
CHy-C=NOH -
R + HZNOH —
CHy-C=0 . . _

CH

~(-NOH °

3 CHHO
_CH3-CfQ .
Ci-C=NoN

- CHy-C=NOH 2

+H0

: -13 7:1.‘:

The. investigators reported that réactions (1.1) and {1.2)-are 4

higPl}ij dependent, with the rates being faster at lower pH values. In

addition, the reactions between biacetyl and hydroxy]amjne were foupd

to follow simple kinetics in the absence of nickel. When nickel (I1)

-

was present, reactions (1.1} and (1.2) occurred and dimethylglyoxime

thus formed reacted with nickel to produce nickel dimethylgiyoximate:

CH3-%=N0H

CHB-C=NOH

+ Ni(II)

—

H\
07 o
CHy-C=N T .
=N ~
Chy-C=N
0 0
Ny s

The kinetic studies, however, showed that the reaction was no

longer simple and there was definite evidence for complex formation between bi-

acetyl monoxime and nickel.

The complex and others formed with nickel

in the reaction mixture determined the overall rate of formation of °

nickel dimethylglyoximate. The authors proposed the following reaction

sequence:
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(1.4)

(1.5)

CH CNOH | " No\ OC" 3.

3 | +AN12+ Ly ‘i c- CHB‘ + 2H+
. CH-ACO, fast ﬁCO’T 0-NZ |

CHy o :

.,,N-og ‘,0 c’ 3 : -~ o CHg- (I: NOH
CHy-Co NI C-CH, + 2H,NOK-+ 2H% 2 :
-3 D S S STow CHy-C=NOH

CH, . .

R 2
+ 2H20 + NS

Y

The same oximation reaction was .further investigated by Hileman -

and Gordon (105).

Fgom spectrophotometric studies the authors found the

evidence of the bresence of two carbinolamine intermediates similar to

those proposed by Jencks for simple carbony]-hydroxy]amine'reactions

The rate 1imiting step of the reaction is the slow dehydration

of the initially formed intermediate, i.e.

CH,-C=0
+

;L CHy-C=0

NH20H

.0
ki (fast) \?”
k_1(fast) /’C\\n

Ho 4

CHy
k CH3\C40
(sTow) i

C

PN
HO-N

(1)

(1.7)



where some of the Nil]+ may be converted, by dehydratﬁon of the inter-
mediate and further reaction with hydroxxlamine to-NiD+.

P
&

i N
_ . The second of thé‘infermed1ates_1s enéoﬂntéred.in-thé[react{dn ¥
~ of biacetyl ‘monoxime’ with hydroxylamine. - . -
&c? _ ki(fast) HO\E7C3 : : ‘ ‘)
: - T L (1.8
o I + ﬁzNOH € Nfast) .. : I . :
. = C\ A -3 o Cz(_:,§ _ . (12)
HO-N . CHy gt . N-OH
' H OH N
< wonlY L cH, kg N o
| STow I +HO (1.9)
Ca C '
Hoe” Sn-on () Hye” Snow (D)

The authors concluded that two independent mechanjsms are possible
for the formation of nickel dimethylglyoximate - the direct reaction
between nickel and dimethylglyoxime

+ ‘

NI(II) + 20— N D, ¥ + 2H (1.10)
and the formation of the complexes between the intermediate I, and
nickel _

TACIS S S (1.11)

Mot e, = Ni(I,), + H' (1.12

1y LT 12 12)
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1.B. Coprecipitation Phenomenon

In-nature, coprec1p1tat1on is a phenomenon common1y observed

in geo1ogica1 and phys1olog1ca1 depos1ts. Every m1nera1 contains traces

of’ elements which are not considered in the "1dea1" formula of the
minera] Geo]ogists have ~given. attention to these’ trace e1ements,

foreign to the "pure" chem1ca1 compounds and trace e]ement geology has S

become an 1mportant fier-of research There has been confusion, however,

in the 11terature regard1ng the pr1nc1p1es govern1ng the distribut1on of
trace elements in minerals as well as in chemical prec1p1tates

A1l precipitates, as discussed earlier, tend to carry down
substances normally soluble under the conditions of the precipitation;
Such a COprecapitation process, in gravimetric analysis, is detrimental
to the preparation of pure materfals. In some systems, however, such
a process is of considerable advantage in that trace amounts of specific
elements may be concentrated or enriched. Radioactive trace substances
are often separated by addition of carrier precipitates. Coprecipitation_
is thus important as a means of concentrating trace materials or
separating impurities in radiochemistry and gravimetric analysis. Co-
precipitation is also usefu1 in trace element geochemistry, where 1t

can be utilised as a conceptua] mode] in understanding the mechan1sm of

precipitation and the properties of solid solutions.

1.B. (1) Definition and classification

The most general definition for coprecipitation is the contamin-

ation of a precipitate by substances that are normaily soluble under



' the conditions of the prec1p1tat1on Gordon, Sa1utsky and w111ard (7)
.def1ne 1t 1n a broader sense as the prec1p1tat1on of a compound in
conaunctidn w1th one or more other compounds An alternative proposed :
by Hermann, 1s the carry1ng process of a tracer by a prec1p1tate formed
.‘1n the presence of the tracer (106) It 1s cons1dered,bas1ca11y as
a process where a substance, so1ub1e by 1tse1f, is carr1ed with an o
1nso]ub1e crysta111ne prec1p1tate )
7 C]ass1f1cation, as in the definition, covers a number of state-
ments of's1m11ar content. In 1936 Hahn (107)\\§tegor1sed coprec1p1tat1on
phenomenon into two main groups: (i) 1somorphoUs coprec1p1tat1on

and {ii)} adsorption. Alternate means of 1somorphous coprec1p1tat1on

were listed as anomalous mixed crysta1 formation and internal adsorpt1on

el R L e
. - .

- A more accurate class1f1cat1on of the several carrying processes

&

was proposed by Kohthoff (108). According to Kolthoff, the contamination
of precipitates by foreign substances is attributed to:

1. Occlusion by 1n¢orporation‘offoreign jons during the formation
of the precipitate. Coprecipitation by mixed crystal formation is
considered to be a special case of occlusion.

2. Adsorption at the surface of particles expased to the solution

and inclusion of mother liguor.
3. Chemical compound formation. Coprecipitation by this means
"is rare.

Gordon and coworkers characterised carrying processes as isomorphous

mixed-crystal formation, anomalous mixed-crystal formation, adsorption

and occlusion (7).




“and- surFace adsorpt1on

_'So1id solution formation

s

Although the d15t1nct1on between the var1ous types of coprec1p1t-

_ at1on 1s not sharp, a systemat1c c]ass1f1cat1on can be best d1st1ngu1shed

by three baswc processes, name]y, solid so]ut1on format1on occ]us1on

o~

Depending upon a number of faCtOrs'fnc1udingrso]ubi1ity and the
ability of the host_precipjtaie to incorporate the fmpurities.contaminants

can be incorporated into the crystal lattice as a solid solution. b .

" Components of similer.chemjea1 and crysta]lographi;a] properties (as

barium and radium sulphate) may exhibit isomorphous mixed crystal form-
‘ation leading to solid solution formation. Some”mixed crystal formation
which cannot be explained on chemical or crystallographic grounds (as

Tead and potassium chlorate) have been defined as anomalous mixed crystal

formation.

Occlusion

Occlusion results from trapping of tracer impurities at the surface
of a crystal by subsequently deposited crystal layers. Incorporation
of the impurity into the lattice occurs under nonequilibrium conditions
in this case. The extent of occlusion depends on the rate of precipitation
and the degree of supersaturation of the macrocomeonent. Coprecipitation

by means of occlusion is the most common cause of contamination of

- analytical precipitates.

Surface adsorption

Coprecipitation due to surface adsorption is impoftent for

precipitates where a large surface area is encountered. In adsorption,



;'the m1crocomponent is adsorbed 1n a movable or d1ffuse ]ayer at the -

d‘f surface of the prec1p1tate The extent of coprec1p1tat1on by

o adsorpt1on depends on the rate of prec1p1tat1on presence of other o

.122;4\crystal size and many other factdr;

-I.B. (2) D1str1but1on 1aws

The actual mechanisms of the coprec1p?tat1on process are not f
fu]]y.udderstood at present. _For'the so]id'solution formation type,
however,'the'observed'dietribdtion of tracer petween preéipdtete'and'
solution can be rationalized usiné_one or-theedther of two }imittng Taws;
namely, tpe homogeneous distribution law dr the 1ogarithmie tor hetero-
geneous) distribution law. | |

For a system capab1e of establishing true thermodynamic eduilibrium
the distribution of the microcomponent is considered to be homogeneous.

When a substance A is precipitated in the presence of a foreign ion B in

solPion, the reaction is considered to be -
A(so1id) + B(solution) = A(solution) + B(solid) {1.13)

for which the equilibrium constant "D“ may be expressed as

[A]solut1on X [B]so]1d
- TA] x [B]

(1.14)

solid solution

Equation (1.14) can be rearranged to give the form of the homogeneous

distribution law

sy ol

) [**] entire crystal L] solution

"D" is known as the homogeneous distribution coefficient.



quuation (1 15) HéECr1bes the d1str1but1on behavuour exh1b1ted

' -/
by systems in wh1ch the entire o

\yst

. the so]ut1on It 1s the case of thue. the

e1s brought into equ111br1um w1th

namic equ111br1om‘1n. o
_whfch the so11d.phase has been d1gested s\\§jc1en N foog for eeoeral

stages of d1sso1ut1on and recrysta111sat1on o-h takéhwploee.;lHomo~.
geneous d1str1butlon of tracer in m1xed crysz;;;\wqi\exA siveTj'etodi

by Ch]op1n (109) Henderson and Kracek (]10) an

Not all observed distributi
rationalize these Doerner and Hosk1n;/§P2)
tion

patterns, however can be f1tted -

with the homogeneous law.”

proposed a logarithmic

.

’_’_,_-_;_

istribution law. It is based on the aijgm

that only the co fal surface is in equilibrium with the solutfon as

the process proceeds. Accord1ngly. ‘gach new layer of carr}er prec1p1tate.
as it forms, is considered to be in equ111br1um with the part1cu]ar con-
centration of solution existing at that time. Hahn (107) preferred to
illustrate the logarithmic distribution as an onion-1ike arrangement

wi%h each infinitesimal coyota1 1ayer equivalent to an onion shell. As
each layer is deposited there is insufficient time for resolution before
the succeeding 1ayef is deposited. The resulting distribution of trace
component is thus specially heierogeneous with the crystal.

According to the Doerner and Hoskins' approach,equation {1.15)

at any specific time during the experiment is

[o - D[H (1.16)

(™9 surface of crystal™ -l sotutton s e



i -of both components in the solut1on at thatl i

'11f “b" and "a" are 1n1t1a1 quant1t1es of tracer [B] and carr1er [A]
Q.

respect1ve1y and "x" and AN are the correspond1ng amounts of tracer

of. prec1p1tat1on Thus, :

and carr1er 1eft in solut1on at any t1me a¥ter beg1nn1ng of prec1p1tat1on,

the following d1fferent1al equation is obtained,

=, X -
day) T dy Tty ///////’/f’#p__;ﬁ]r]y)
where A is an arbitrary constant. L
Integration of the above equation, from initfal concentrations of "b"
and "a" to final concentrations of "x’-and "y" leads to
(1.18)
total tracer _ total carrier
n [tracer in solution I = an [carrier in soTution] (1.19)

Equation (1.18) is known as the logarithmic distribution law and 2 is
the Jogarithmic distribution coefficient.

It has been observed that depending upon the conditions of
the precipitation, the value of one or the other of the distribution

coefficients (D or A) remains constant as the percentage of carrier

&

precipitated increasesduring a coprecipitation experiment.



Hhen the value of D or A 1s greater than un1ty, the prec1p1tate 3
"1s enr1ched in tracer w1th respect to the so]ut1on and the coprec1p1tat1on
results in an "enr1chment system ~In “der1chment systems", those hav1ng _f
d15tr1but1on coeff1c1ent va]ues less than un1ty, the tracer is der1ched |
in the prec1p1tate and remains most1y in solut1on when D or x'is:
equal to un1ty the tracer 1s not fract1onated between prec1p1tate and
‘solution: Enr1chment systems are usefuﬂ for carrying the m1crocomponent j
whi]e/dértchment separation'can be achieved in systems whose tracer is -
' eriched with respect to the precﬁpitate. At equ&]-va]ues of D and-A;
/f”//,///////a logartthmic coprec1p1tat1on type exhibits better carrying or separation
efficiency than a homogeneous coprec1p1tat1on An illustration of the .

distribution behaviour and the carrying efficiency of both distribution

types is shown in Figure (1),

I1.B.(3) Precipitation conditions and resulting coprecipitation patterns

It was reported that s]ow,precipitation from a moderately super-

saturated solution leads to homogeneous distribution of the tracer in

the carrier precipitate (113). If a supersaturated solution is é!!owed

to stand undisturbed and in contact with the solid phase until th

supersaturation is completely eliminated, D is found to be constant.

The slow precipitation rate under such conditions results in well-formed

crystals and the tracer is homogeneously distributed threughout the

entire crystal. R. Mumbrauer observed such behaviour in his studies of

e et e Coprecip T tatiom-ofradtumwith-bartumchtorides— e

Rapid precipitation and pro]onged'digestion also leads to

homogeneous distribution of the microcomponent. When a moderately



Figure (1)

Comparison of carrying efficiency for the two distribution

laws.

(reproduced from the thesis (106 } , permission requested from

. the University Microfilms, Ann Arbor, Michigan)
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supersaturated solution is gtirréd vigorously for several hours at
~ constant temperature, the trace element is usually found to be:

uniformly distributed throughout the crystal. Finely divided crystals.
resulting from such.rapid precipitation and long digestion can undergo

frequent recrystajlisation which promotesequilibrium microcomponenf
e

In the case of immediate filtration after 'a rapid precipitation

distribution.

from a moderately superséturated solution, the microcomponent is usua]iy
found to be distributed in accordance with the-iogarithmic distribution
equation. This is due in part to the shortage of time for recrystaliisation.
The best way of obthining a logarithmic distribution is to carry out a
precipitation very slowly from a saturated solution. Precipitation by
isotherma]ﬂevaporat1on of a saturated solution was demonstrated by
Riehl and Kading (114) to give a logarithmic distribution of tracer
in the precipita;e. ‘Under this condition, the assumptjon of equilibrium
between the solution and each newly formed crystal layer is likely to
be followed. An alternate way of performing a very slow crystallisation
is by controlied in situ synthesis of the precipitant (PFHS). The
observed behaviour of most of the systems studied emp1oy5ng a PFHS
method have been successfully rationalized using the logarithmic distrib-
ution law.

Depending on the precipitation conditions used,.the nature of
precipitating ions and other factors, either of the two distribution
patterns could result. Nevertheless, there have been cases where

conflicting results were obtained from the same system. Also, there
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a

are systems in which neither of the 1imifihg_1aw§ is successful in -

analysis of data.

’

I.B.(4) Coprecipitation models .

| ‘(a) Equi11brfum model"

Many have speculated about Qhe‘existénce‘pf a quantitative relation-

ship between obserVed”diétributfﬁﬁ coeff1c}ent§ aqdztheisolubflities'of—

components in sySteﬁt where coprecipitation inbeves-sb}id'so1ution
formation. The equi]jbrium model represents an'expression in which the
distribution coefficient of an ideal system is equal to the ratio of
the so]ubi]ity_products of the m%cro and micro componénts ;espectively.
Based on thermodynamic arguments. Ratner (111) der{ved such a'reTatiqpship ‘
which is applicable only to sywmetrica]'e]ettro1yte§. Feibush, Rowf;y and
Gordon (115) later tested the equilibrium model in coqrecipitation

studies of rare earth oxalate binary systems. The equafion dérived from

the equilibrium mode) for precipitates of the A2P3 type was

(1.20)

where A is the carrfier element and B is the trace component. Their
observétions, however, did not jhétify the equilibrium model. Recently,
Munakata and Toyanasu (116) reported that the coprecipitation of some
rare earth elements with calcium oxalate deviates from the equilibrium
model {equation (1.20)) but, in the coprecipitation of alkaline earth

oxalates (strontium and calcium) the model rationalises the observed

data. The applicability of the model to most coprecipitation
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stud1es is very much 1n doubt and it genera]ly has been cons1dered that

there 15 no s1mp1e re]at1on5h1p between solub111ty and observed d1str1b-

'ut1on coeff¥;1ents

(b) K1net1c mode] | _ _ _
Ear]y evidence by Gordon Re1mer and Burtt (1]1) and Hermann (106)

has demonstrated the 1mportance of k1net1cs 1n coprec1p1tat1on phenomena

It is believed that for systems-wh1ch obey the Doerner-Hosk1ns d1str1 ution

law a relationship ean exist between A and the rate of precipitation/

Besides, the thermodynamic approach -of the equ111br1um model 1s‘strict1y

' 11m1ted to systems where diffusion and repeated recrystallisation’ are

_possible. Apparently, the kinetic approach seems favourable for many

ed-

systems. Feibush Rowley and Gordon ({15) proposed a new expression
which selated > and the rate constants of the precipitation reactions
involved. In their kinetic model, A, the logarithmic distribution
coefficient is equal to the ratio of the rate constants of precipitation
of carrier and tracer components. The assumption was made that the rate

of precipitation of each species is proportional to its respective

- solution concentration. By substitution, equation {1.17) becomes

=

k B .
dt - 2 _(ag) (1.21)

where (g} is the cqncentration of tracer, (A) is the concentration of
carrier and kp—b and kp—a are respective rate constants.
Block and Gordon {118) later modified equation (1.21) for systems

of different ionic charges of tracer and carrier to the following form
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“where:

A4 and Ag are 1n1t1a1 and final concentrations of carrier

By and Bf are initial and final concentrations of - tracer '

.and ¥ is the %plume of the so]ution

Equat1on (1.22) holds for the coprec1p1tation of a tracer of (+3) charqe

with ‘a carrier of (+4) charge ' , |
Supporting the kinetic approach Hermann (106) related the

distribution coeff1c1ent to supersaturation The rate of precipitation

is considered to be a function of supersaturation in his approach He

showed that

-(-1-—(——-”'5 ’ (1.23)
where:.\ob is the experimenta]ly determined d15tr1but1on coefficient
1 s the true 1imiting distribution coefficient
S s the fractfonal supersaturation defined as ng_ ,
y 1is the concentration of carrier in the supersaturated .

solution

d is the concentration of carrier in the saturated solution.

(c) Combination model

From their study on coprecipitation of lead with barium sulphate
from homogeneous solotion. Klein and Fontal (119)derived a new equation
describing the logarithmic distribution coefficient as a function of
the rate of precipitatiomn, the number of growing crystals and two

‘rate constants. The proposed equation is

e o e e e &
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‘where k1 and‘kz-are the rate tonstéhfs in the reaction ‘of
‘ _ _ | _ glr | | . | B
N ,B-(aq) + A (cryst§1) ' EE A.(gq) + B (grysta]) (1;25)
I = tﬁe total precipitation rate of FarETer and tracér and .
N = the total number of crystals. | ‘
Fdr!the coprééipitation of tracer ion (B) with the precipitate of-carfier
ion (A), fhe fo]lowing.assumptions were made. S
(1) (B) and (A) diffuse from the bulk solution to the éctive
sites and reéch there in proportion to their Concentration ratio.
(2) Every jon which approaches an active site is incorporated
into the crystal.
(3) Once incorporated at an active site, the reactions leading
to an equilibrium distribution of tracer in the crystal begiq*,
{(4) The number of active sites (M) is proportional to the
total number of crystals (N) with the proportionality constant incorﬁ-
oratgd into the rate constants,k] and k2'
The first three assumptions rationalise the relationship betﬁeen
A and precipitation rate. The authors defined the total precipitation

rate as the sum of individual precipitation rate of ions

e 1 = dal dig] | | (1.26)



The'final_equatidﬁAderived'is IR o T s
_H H | g 1.27

| which has the éame_form as

i +; T +n s e - |
[ﬂu} a Ll] . e
. dfa™"] erystal surface . (A aqueous '

Equation (1.28) was derived from the assumpt1on that only the surface of
_ the crystals takes part in the distribution reaction and that the

-distribution within the‘crystal is fixed. By analogy, the logarithmic

‘ L
distribution coefficient was defined by
I
__k ¢
ve (B - (1.29)
M k2

where M = total number of active sites.
fquation(1,29)describes the observed values of » in terms of rate of
precipitation per active site, and two rate constants, the ratio of
which is the equilibrium constant for the distribution reaction.

The striking observation réported here was that the distribution
coefficient at zero rate of precipitation is equal to the ratio of
two rate constants as well as the ratio of the solubility products
of carrier and tracer precipitates. Thus, the authors suggested that
the observed value of the logarithmic distribution depends oﬁ both

thermodynamic and kinetic factors in the forms proposed.



1.C. Scope of the Investigation

| The deve1opment of a new PFHS techn1que for the gravametr1c |

' determination of nickel was our first goal. Based on the pred1ct1on

that 1,2- cyc]oheptanedionedioxime shou]d ‘be the best reagent for
rep]acement of the water 1nso1ub1e dimethy1g1yox1me in. the determ1nat1on '
of nickel and pa]Tadium, our 1nvest1gat1on was focused on thws chelating
agent Ana1yt1ca1 procedures for quant1tat1ve prec1p1tat1on of n1cke1
1,2- cycToheptanedionediox1mate from homogeneous solution were 1nvest1gated

_Further research on the: separat1on of nickel as the heptoximate from
elected'cations (Mn(II) Co(l1I), Cr(III), Fe(II), Cu(II)) 1ed_to‘the_
1nterest1ng study of coprecipitation with nickel heptoximate

| The second part of the research was undertaken ‘to study the
nature of the coprecipitation of cobalt and copper with nickel cycto-
heptanedioximate. Furthermore, attention was focused on investigation

of a model which rationalises the behaviour of coprecipitation with

nickel cycloheptanedionedioximate observed during the present study.



L ExéERIMENTAL DET_AILS‘_.

11.A. Prec1p1tat10n of nickel cyc1oheptaned1oned1ox1mate from
ﬁ‘*ogeneous so1ut10n '

-

Deve1opment of a new PFHS techn1qﬁe for the detenn1nat1on of some |
metals using an analytically important chelating agent is one of the aims
of this pTOJECt Voter and Banks (88) have reported the good ana]yt1ca1
qua]itles of. 102 cyc1oheptaned1oned1ox1me (heptox1me) observed during
studies of the convent1ona1 precipitation of nickel.and pa11ad1um jons. The
authors suggested that heptoxime would be the best substitute for
the water insoluble d1methy191yox1me in the determination of nickel.

This 1n1t1ated the idea of using the reagent in the PFHS method. .The

first approach to the problem was, thus, the generation of heptoxime {ﬁ
solution from its corresponding diketone and hydroxylamine. 1,2-cycloheptane-
dione, which is not commercially available, had to be syntﬁesised prior to

the study.

I1.A. (1) Synthesis of 1,2-cycicheptanedione

The original method of synthesis proposed by Van der Haar, Voter
and Banks (120) was applied.. ‘It described the simple txidation of cyclo-
heptanone by selenium dioxide in ethanolic medium followed by distillation.
Procedure:

A 501%F1on of 112 g (1.0 méle ) of cycloheptanone in 234 ml

of absolute ethyl alcohol waslplaced 1n.a two liter flask. A

solution of 111 g (1.0 mole ) of sublimed selenium dioxide,

3

o e on



prepared by the method of R11ey and Gray (121), in a m1xture ‘
dof 500 ml of. absolute ethyl a]cohol and 1600 ml of 95% |
ethyl a1coho] was added to- the flask throuqh a dropp1ng
funne] - Prior to th1s add1t1on the cycloheptanone a1coh01
.solut1on was’ heated to ref]ux1ng The period of addition
yas approxxmate1y one and oneequartef hours..dThe_reSQTtant_
ﬁixtﬂre was refluxed for an-addjtiona1 ;ix hours, allowed to
etaﬁd‘gt'rdom‘temperature for‘about eighfeen hours and then
fi1tered; About one litre of alcohol was distilled from fhe
filtrate at atﬁospheric pressure. The reeidue"was filtered
again, and then the distillation was continued under reduced

pressure. The diketone came over as a deep yellow liquid

.at a boiling point of 107-109°C (17 mm}.

IT.A.(2) Modified procedufe for synthesis of 1,2-cycloheptanedione

Since the reported method failed to yield a pure cycloheptanedione
producf, a detailed study of the procedure was undertaken in order to
find ways of improving it.
Procedure:
The synthesis of cycloheptanedione was initially carried
out using the proposed method. A series of liquid samples
was withdrawn from the reaction mixture at various times
during the refluxing period and the standing period and was tested
on a gas chromatograph. The fractions collected at different
distillation temperatures were also tested in a similar

manner. Other experimental conditions such as still pot

32
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1_ tehperature ‘pfeseure‘and the'diéti11e£jon.beried'ﬁere aﬁsq-'-
examined B | ; P |
_ The resulting modif1ed procedure for the synthes1s of cyclo--
_heptened1one is a;-fol]pws.
Procedure: o
| " A solution of 163 q (1 5 mo]e) of cyc1oheptanone was dis-
" solved in 350 ml of abso]ute ethyl alcohol ina 5 litre f1ask
" A solution of 170 g (1 53 mole) of freshly sublimed se]en1um
d1ox1de in 250 ml of absolute ethyl a1cohol and 80 ml of 95%
i ethyl alcohol was added to the ketone so1ut1on slowly’
through a dropping “funnel. -The addition time was one and
one quarter hoursdur1ng which the reaction mixture was
refluxed at 75°C. The resultant mixture was refluxed for
an additional 7 hours, allowed to stand at room temperature
for 14 hours and ®hen filtered. Ethanol was removed (at
room temperature and under reduced pressure) and the
solution was filtered again. On fractional distillation
under reduced pressure with the mixture being heated in an oil
bath controlled so that temperature never exceeded 110°C, the
cyc]oheptanedione came over as a ye11ow 1iquid between the
temperatures of 82°C and 90°C at 3 mm Hg.
The cycloheptanedione was dissolved in anhydrous ether
and crystal]ised from it using a dry-ice acetone free;ing
mixture. Purified crystals were sealed in a vial undef a

nitrogen atmosphere and stored in the freezing mixture.
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A samp]e of pur1f1ed cyc]oheptaned1one was sent to a chem1ca1
' 1aboratory for carbon and hydrogen ana1y51s The gas chromatogram,"‘”
"NHR IR and mass spectra of the compound were also measured.
| In order, to determine the percentage pur1ty and the effect1veness
of the diketpne; a test precipitation prbcedure was performed.
-Procedure: |
Abprdximately-so mg of cycldheptanedidné was atcﬁrate1&
‘weighed out and dissolved in de1on1sed water contained in
a 250 ml beaker. In a second beaker, 428 mg of hydroxylam1ne
hydrochloride (10 moles in excess of stoichiometric amount to
diketone)and 120 mg of nickel(II) as the nitrate (ten fold
excess of the amount required to precipitate the resulting
cycloheptanedionedipxime) were mixed. The pH of the mixture
was adjusted to 6.75. It was then added to the cycloheptane-
dione solution. The pH of the reaction mixture was readjusted
to 6.75 and the final volume was made up to 200 m1. After
standing at room temperature for 15 minutes the beaker and
contents were heated on a hot plate for 3 to 3 1/2 hours at
a temperature of 70 to 75°C.7 The beaker was then cooled to
room temperature and the precipitated nickel heptoximate
was filtered off using a preweighed sintered crucibie of
medium porosity. After drying at 130°C until constant
weight, the crucibie and contents were cooled and weighed.
From the weight of nickel heptoximate obtained, the

percentage purity of 1,2-cycloheptanedione was calculated.



_II A. (3) Pre11m1nary studies on exper1menta1 cond1t1ons for. the ”:_ e
precipitation of nickel" cyc1oheptanedioned1ox1mate . SRR

(a) Apparatus and Reagents
Apparatus _ _ .

Pyrex glassware was used and ‘calibrated p1pettes and vo]umetr1c
f1ésks were ‘used where app11cab1e. |
Reagents _ S o . -
1,2-cyc10hepianedione sotution

A known Qeight of the reagent prepared using the original method
of synthesis déscribed in section IT.A.{2) was dissolved in deionized water
to make a solution of approxfmate]y 3 mg per m1wl The solution was filtered
through a sintered glass crucible of medium porosity. -
Hydroxylamine hydrochloride solution

Sglt of reagent grade quality was dissolved in enough deionized
water to make a solution of approximately 100 mg per millilitre in
concentration. The resulting so1utfon was filtered using a filtering
crucible of medium porosity.
ﬁ1cke1(II) solution

Pure n%cke] pellets (99.9%, British Drug House Ltd.) were
dissolved in dilute nitric acid to prepare a stock solution of approx-
imately 10 mg per mi1lilitre in concentration. Further dilutions were
made with deionized water for solutions of lower concentration. Each was
séandard1sed using the PFHS method of Gordon and Salesin (47);
Meta{ Ion Solutions

Reaéent grade chloride salts of the metals other than chromium (as nit-

rate), were dissoived separately in deionized water and filtered. Each



was d11uted to a concentratlon of approx1mate1y 1 mg per m]
Ac1d Base and Buffer. Solut1ons 7 .
F11tered so]ut1ons of d11ute n1tr1c ac1d I M ammon1um hydr0x1de
‘ and.z_H-ammonwum acetate;were used for pH adestments wheneve; necgssary.
{b) Test procedure for the precipitation

The formation of n1cke] cyc]oheptaned1oned10x1mate takes p1ace

via two overall steps.

‘ O wammon T N0 2,0
= 0 \ N-OH
0

o~
N-OH . N/H "~ +
O N ~ N~ + 2H
N-OH fast N TN

N

The first step, the formation of dioxime was estimated to be the
rate determining step. The very\fast reaction between nickel and dioxime,
as observed in conventional precipitation methods, has to be avoided.
Thus, the cycloheptanedione solution was prepared separately. Addition

of it to the solution mixture of nickel and hydroxylamine hydrochloride

initiated the slow precipitation of yellow nickel cycloheptanedionedioxime.

Procedure:
A 10.0 mg amount of nickel in solution was pipetted into
a 400 ml beaker and a volume of hydroxy]amine hydrochloride

solution containing 1.0 g of the reagent was added. The pH
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-.f of the solution nﬁxture was adJusted to 7. 0 w1th so]ut1ons

.'of'annmnium hydroxide and ammon1um acet;te buffer {3 ml of
. .2 M so]ution) A portion of 1 2—cchoheptaned1one so1ut1on
‘which conta1ned 86 mg of the ketone™ «at pH 7.0-,  was

- added to- 1t.. After standing at room temperature for 15 to
‘_20 minutes, the beaker-and contents were heated on a hot .
plate over a two and a half hou; di estioe'period.‘ After'cooling,

the precipitate was filteredgztx using a sintered
‘glass crucible of medium porosity, andﬁhhs then dried at"

130°C until constant weight was attained.

(c) Excess reagent studies

The stoichiometric ratio of reactants for the fo mation of cyclo-
heptanedionedioximate is 2:1, hydroxylamine hydroch]oride\to cycloheptane-
dione and two moles of dioxime are required for each mole ot\nickeT.
Experiments were designed to investigate the appropriate reageﬁt\excess
ratios of reactants for quantitative recovery of nickel. |
Procedure:

1.0, 10.0, 20.0 and 50.0 mg of nickel were precipitated
with combinations of reagent in excess of other reactants
following the procedure mentioned in section (b). The pH used
was 6.75 in all precipitations. The following table

presents a summary of the combinations studied.
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Study of reagent excess rat1os for the prec1p1tat1on of n1cke1 cyc]o-
heptaned1oned1ox1mate from homogeneous so1ut1on .
Nickel (mg) | Tw | 0.0 | | |
CHDO*/Ni(x) | 2 | 200100 . - 2 | talelo

Hx¥/enpo(x) |10 |1ool 10]2 4 & 8 10 20 50 100 500 1000 |10 |10 |10

Nickel (mg) 20.0{50.0

CHBO*/Ni(X) | 27| 5| 2

Hxt/CHDO(X) |10 [10] 10

1,2-cycloheptanedione

*CHDO =
YHX = Hydroxylamine Hydrochloride
‘ ©
X = reagent excess ‘

_ moles of reagent added
moTar amount of reagent required to precipitate
the moles of reacting species in solution *

(d) Effects of pH, temperature and digestion time

The wide range of pH reported for precipitation of nickel heptoximate
by conventional methods was tested within the PFHS procedure.

Precipitation procedures were performed using the<me thod described
in section (b) but at various individual pH values (2.35, 2.37, 2.67. 3.41,
3.42, 4.15, 5.30, 5.74, 5.97, 6.02, 7.05, 7.12, 7.17, 7.21, 7.63, 9.05,
and 10.05).

| Any temperature effect on th}{g;géipitation was studied over the

range of 60° to 90°C. The same expeF%ﬁenta] procedure was repeated at
each temperature setting.

A similar study was made f&r digestion time variations inc]udinﬁ

2, 2 1/2, 3 and 4 hour reaction times.

fi2n
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IL.A. (4) Deveiopment of a PFHS method for the determ1nat1on of n1cke1 "anne

Baﬁed on. the information gathered from the prev1ous experiments, ;"

°

a method for the determ1nat1on of nickel "a1one" was proposed It was

tested in the prec1p1tat1on of 1 0, 5.0, 10 o, 20 0, 25 0 and 50. 0 mg of

nickel us1ng the cond1t1ons (reagent excess rat1os) for prec1p1tat1on

with 50.0 mg.
Procedure: O N - .

Place an appropriate ameent of nickel solu;ion in a 400 ml
beaker. . Add a 10:1 stoichiomefrig;excess (hyd;oxylamine
hydrochioride: diketone) of hydroxy\amiﬁe hydrochloride
<olution. Dilute with deionised water to 150 ml and adjust
the pH to 6.75 with ammonia and ammenium acetate buffer |
solutions. Add a 2:1 sto1ch1ometr1c excess (diketone: nickel)
of cycloheptanedione so]ut1en (pH previously adjusted to
6.75). Make up the total volume to 200 m1 and allow the
yellow precipitate to appear. After half an hour, heat the
beaker and contents for three hours at 70-75°C. Cool to
room temperature and fiiter the mixture using a medium
porosity sintered g]ase crucible. Wash the precipitate.with

deionised water and dry at 130°C to constant weight.

I1.A.(5) Determination of nickel in the presence of foreign jons

{(a) Effect of foreign ions
. +2 +2 +2 +2 +3 .
Some common cations (Fe “, Cu =, Mn —, Co ¢ and Cr ~) often inter-
fere in a determination of nickel. Effects of their presence on the
precipitation of nickel heptoximate were studied. In addition, the

influence of some anions (chloride, acetate, fluoride, thiocyanate,
4
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1tartafate and.61trate)-cbuﬁ6n1}-us€d és buffers and as ﬁomb1e£1n97égeht§
- for 1nterfer1ng cations during the gravimetric determ1nation of nickel .
were also studied |
Procedures : CE IR M .
| (i) Each 10 mg port%on of nickel(1I) so]utiaﬁ was pre-
\-c1p1tated with i, 2 cyc]oheptanedione and hydroxy]amine by
the PFHS method descr1bed in section 1I.A.(4) 1in ‘the

2, and

presence of (a) Fe*? , (b) Cu+2,_(c) Mn*2 , (d) Co

(ei crtd ié%s. For eaﬁh study, the émount of foreign ion
'ad&éd was varfed from 1 to & mg and any effects of individual
amounts of each particular ion on the abparent recovery of
nickel(I1) was noted.

(i1) similar precipitation procedures were carried out
for lb mg of nickel when ammonium salts of (a) citrate,

{b) thiocyanate, (c) oxalate, (d) fluoride and (e) tartarate .
were present. Any effect of each anion on the apparent
‘recovery of nickel(Il) was studied at three different levels
(1.0, 2.5 and 5.0 g) for each interfering ion.

(i11) Additiona] experiments were performed to preeipitate
nickel heptoximate in the presence of both foreign cations

and ammonium salts of anions. 10 mg of nickel was precipitated
Qith appropriate amounts of reactants as reported in section

IT.A.(4) with various combinations of external substances

studied in procedures (i) and (i)} present.

[ S



(b) Determination of nicke] 1n a steel sample

Nicke1 in steel and re1ated products 15 frequent1y ana]ysed by

gravimetric methods . Iron copper and-chromium usua]]y 1nterfere_'
i . . :
and a techn1que which can overcome these prob]ems is desired. Based on

the observat1ons attained from preliminary investigations, a procedure

for the determ1nation of ‘nickel in a steel samp]e was devised, The
National Bureau of Standards steel samp1e (32. e) was analysed for its
nickel composition.
Procedure: -
Approximately 0.7 g of accurately weighed steel sample
was diséo}ved in a hydrochloric-nitric acid mixture in a
400 ‘m1 beaker and the resulting solution was evaporated to
near dryness. 7 ml of 60% eerchloric acid solution (10 ml per g
of sampte taken) was then added and the resulting mixture was
boiled to fumes. After diseolving the perchlorate salts in
deionised water, 5 g of tartaric acid in solution was added
and the resulting mixture was filtered. The filtrate was
neutralised with ammonia and 1 g of hydroxy]éhine hydrochloride
%n solution was added. A volume of cycloheptanedione solution
containing 90 mg of the reagent was finally added and the
mixture was adjusted to pH 6.25. This was allowed to st;nd
at room temperature for 8 1/2 hours. The precipitates were
filtered off hsing a sintered glass crucible of medium porosity,
washed with deionised water and dried to constant weight

at 130°C.
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11.8.(1) Pre]iminary Studies

Some coprecipitation studies on meta] oxalates. have reveaIed
!

a2

a significant 1nf1uence of prec1p1tat1on rate on the resu1t1ng coprecip-

1tat10n pattern (106, 1]7) Pre11m1nary experiments were performed to
investigate the rate pf n1cke1,heptoximate'formatiqn.
{a) Apparatusldnd reagents |
Apparatus

Constant temperature bath‘1¢Q

A constant temperature bath type 2073A supplied by Forma Scientific

Inc. was used to keep -reactant solutions at the desired constant temp-
erature. |
Glassware

Pyrex glassware was used and calibrated pipettes and voTlumetric
flasks were used where app]icab]e.’ Filtering crucibles utilized were of
pyrex glass with medium porosity.
Reagents

Nickel(IT) solution, cycloheptanedione solution, hydroxylamine
gydrochloride solution, acid, base and buffer solutions were prepared
as mentioned in section 11.A.(3). .
(b} Procedure

Seven to ten 250-m] beakers containing identical amounts
of ninkel and hydroxylamine hydrochloride solutions, pro-

portionate]% mixed according to the reagent excess ratios

selected, ﬂfre prepared. The pH of each mixture was



adJusted to the desired value w1th ammon1a and annnn1um +

t‘acetate solutions . They were then p1aced in a constant o :
' temperature bath set at a chosen reaction temperature 'A- |
_ separate vessel contain1ng cyc]oheptanedione so]ut1on pre-

~ad3usted to the same pH, was a]so al]owed to come to ihe

same temperature. After 3 1/2 to 4 hours an equal vo]ume
pf,cyc1oheptanedione_so1ution, se]ected for aparticular
reagent excess ratio, was -added to each beaker and the time

of mixing was recorded. At seTected react1on t1mes, one

. beaker was removed from the bath and the precipitation was

stopped immediately by filtering the solution through' a’
sintered erucible of medium porosity.. Each precipitate was
dried at 130°C to constant weight.

- This procedure was applied during preliminary experiments

as summarised in the following table.

.-

Table (2)

Preliminary studies on the experimental condition of the nickel

cycloheptanedionedioximate precipitation

CHDO/Ni  HX/CHDO pH Temp Reaction time when the precipitation

Nickel
(mg) (x) (X) °C was stopped by filtration {hour)
- 5.0 2 10 6t75 - 75 0.25,0.50,1.0,1.5,2.0,2.5,3.0,3.5
5.0 2- 10 6.75 23 0.50, 1.0,2.0,3.0,4.0,5.0,6.0,7.0,8.0,10
5.0 2 2 6.75 23 0.50,1.0,2.0,3.0,4.0,5.0,6.0,7.0
5.0 2 2 7.2 23 0.25,0.50,1.0,2.0,2.5,3;0,4.9;5.0,6.0,7.0,8.0
5.0 2 2 7.25 15 0.50,0.75,1.0,1.5,2.0,2.5,3.0,3.5,4.0
3.0 2 2 +7.25 15 0.58,0.67,0.75,0.83,1.0,1.2,1.3
3.0 1/2 2 7.25 15 0.58,0.67,0.75,0.83,1.0,1.2,1.3
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“'J'II B (2) Stud1es on the rate of prec1pitatTon of\n1cke1 cxc1oheptane-

‘ ddonedioximate when n1cke1 a1one“\ﬁs present

After se1ect10n of the best experimenta1 cond1tions a precipitation’
'of nicke1 heptoximate was performed with .smaller. initial amounts of |
n1cke1. ' | | o |
(ai Apparatus and-reagents
Abperatus i
_ Constant temperature bath '

The same instrument described in sect1on 1.8, (1) was used.
. Reaction tubes . . . : '

Test tubes of.28 mm inner diameter and 100 mm- height (ce]lulose
nitrate, supplied by “Internationa1“ Co.) were utilised as reaction
tubes. A volume mark for 25.0 ml cabacity was made and eech was
calibrated with reepect to class 'A' volumetric f]asks.

Reaction tube ho]der and shaker |

A mechanical shaker which holds a maximum of ten reaction tubes
was designed and constructed. The apparatus is illustrated in Figure (2).
Filtering Apparatus '

The centrjfugai filter holder.of type‘(no. d305) was supplied
5y Geiman Co. and has three separab]e'parts. The middle‘part has a
- piece of metal screen which holds-a 20 mm diameter filter paper. The
solution from the top portion passes through'the filter and is co]lecred
in the bottom container. A maximum volume of 27 ml can be handled. The
apparatus is shown in Figure (2). Filter papers supplied by the same

company were G.A.{1) type which has an average pore size of 5.0 micron.



F'iguré (2) The centrifugal filter holder and the meéhgnica] ‘shaker






; ,'; 45:

"Centrifuge L _ B | i} .
A refrigerated centrifuge (mode1 PR2 “Internationa]“ Co. ) which
e can be operated in the temperature range of —20 to . +40°C was used for
_ centrifugat1on | |
Atomic Absorption SpectrOphotometer

" For ana]ys1s of nickel, a ‘Perkin- E]mer mode1 303 atomic absorption
spectrophotometer-equipped with a multielement lamp was used. It”
includes a DCR2 direct concentration reaeéout unit.
Glassware

| Fyrex glassware was used and-ca]ibrated'pipettes and vo]umetric

flasks were used where appiicab]e. |
Reagents

Nickel(II) solution, hydroxylamine hydrochloride solution, acid,
base and ammonium acetate so1ut10ne were prepared as mentioned in
section II1.A.(3). Cycloheptanedione solution was obtained by dissolving
a known amount of purified compound in deionised water. Preparation and
pur1ficatfon of the cycloheptanedione was carried out according to the
procedure described in section 11.A.(2). The prepared diketone so]ution
of approximately 3 mg per m]l was filtered using a sintered glass crucible
of medium porosity.
(b) Procedure:

3.0 mg amount of nickel in solution and a volume of
hydroxyliamine hydrochloride which contains 60 mg of the salt
were mixed in a small beaker. The mixture was adjusted

to pH 7.25 and transferred to a reaction tube. Five to seven



'reaction so1utions were prepared and cooled to 15°C by .
:lstanding in the reaction tube and shaker which was p1aced
Ain a constant temperature bath. A cycloheptanedione :
_r,solution of -pH 7. 25.was also adjusted to the same temper-
.ature.. After 3,1/2 to 4 hours cooling t1me,_a_vg1yme of
-cycloheptanedione_sd]u;ion-which qqhteined 197§ mg'of the-
digetpne was added_pp each of the reaction tubes. AEach
' was-made‘up to 25.0 ml volume ﬁith deionised water of the
.same temperature and Shakdné was started. Tﬁe time of
mixing was recorded. _ )
At different stages of precipitation (35, 40, 45, 50, 60,
70 and 80 minutes reaction time) a reaction tube was removed
from the bath and immedietely pransferred to a centrifugal
filter holder. Precipitates and filtrates were separated
by immediate centrifugation. The temperature of the centrifdge
was set at the experimental temperature as well. A11‘the
collected fractions were treated for analysis according to
the detaijled procedure reported in the schemat1c diagram
spown as Figure (3).

11.B.(3) Studies on the rate of precipitation of nickel cycloheptanedione-
dioximate in the presence of cobalt.

See section II.(C).

11.B.(4) Studies on the rate of precipitation of nickel cycloheptanedione-
dioximate in the presence of copper

See section II.(D).
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Figure (3)

Schematic diagram representing the procedure performed
, during a kinetic study of the nickel heptox imate

precipitation reaction.
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:LII c. Coprec1p1tat1on of cobalt with n1cke1 cycloheptaned1oned1ox1mate'

In a gravimétric determ1nat1on of n1cke1, such cat1ons as iron,

-coba1t and copper usually 1nterfere and_1t is des1rab1e to 1nvest1gate

the1r coprec1p1tat1on heh%v1our with some ana]yt1ca11y 1mportant n1cke1

che]ates. The exper1menta1 procedure was similar to that used in

the k1net1c study when n1cke1 "a]one" was present in so]ut1on The

trace element was added together w1th carr1er n1cke1

”
a

I1.C.(1) Apparatus and Reagents o 7
Apparatus
" Atomic Absorption Spectrophotometep: L
' B

For analysis of nickel and coba!t the,saﬁe atomic absorption
spectrophotometer (Perkin-Elmer model 303 with Déhz read-out unit) was
utildsed. Reaction tubes, shaker unit, filter ho]dere, centrifuge,
constant temperature bath and glassware used were‘the same as those
mentioned in section II.B.(2).

Radioactivity measurement
Determination of 60
with a well type, 3" x 3" NaI(T1) detector. The detector was supplied
by Harshaw Co. It was attached to a preamo11f1er (Hewlett—?ackard Co.,
model 5554A) and a single channel ana]yser ?tamberra, mode] 14315. Tﬁe
scaler-time unit used for read-out was supplied by Nuclear Chicago‘Co..
{mode1 8703}.

Pipettes for rad1oact1ve samp]es

Eppendorf micropipettes with d1sposab1e tips were used for

measuring volumes of radioactive samples.

Co was made by the gamma ray counting techn1que



It

o

' iSepatatidn’of radionuclide

) thist]e?uhne].shaped reservoir was attached tp each column. | j : B

_Radioactive cobalt was‘separated'from-nicke}_solution on an ion -

o S o A . : £ )
eXchange:co]umn packed with strong]y basic anion resin‘(Ddﬁex 1—{8,

- 100-200 mesh). Pyrex.columnsSef 7 mm ID x 27 -cm length were used. A

« o {
Reagents oL -

Nickel ion solution, cycTohepfanedione, hydroxy?amine hydrochloride,
acid, base, and buffer solutions were prepared as described in section
HL.A.{3). . '

’ Cobalt ion solution“was prepared from reagent grade cobaltous
chloride hexahydrate and standardised by precipitation with a-nitroso=B-
naphthol (123)i

GQCO (5.29 year) was produced by an (n,¥) reaction

RaQioisotope
on the stable isotope 59t0 (as CoC]Z). The spectrum of the irradiated
sample showed close resemblance to the standard gamma—ray-spectrum of
cobalt-60. A stock solution of specific Sctivity (8.5 x 10?7dps/ml)
was prepared and appropriate dilutions were made wiEE-] M hydrochloric
acid whenever necessary.

11.C.(2) Procedure
7 to 9 reaction tubes containing ideniical amounts of
nickel and hydroxy]amine'hydrochToride {3 mg nickel and

60 mg*hydroxylamine hydrochloride) were prepared as in

section I1.B.(2). Equa1 amounts of cobalt, stable or

radioactive isotope, were added to each of them. Addition

gf cycloheptanedione, shaking, and separation of precipitates



~ from the.mbther 11du6é at-djffergnf-féactﬁoﬁ times were .
3 carried out as destribed,in,sé;tion II;B,(Z).
' hna]ysis of—niékéll{n the ?i1ffate and ;obaif in
‘ both'pfébipitafe and_ff]tfatg'were caffied out byffol1owing‘-
'tﬁe pro@e&ura1 seduence iTTustfated in Figufe.(4)._,(Ther
scheme is fof 1.0'ug of trﬁcer cﬁbajt'but i; Qas also used
for bther trace 1evels:of radioactive co?a]t. When stébTe
coba]t-ngtope was useds the method was the same except ‘ .

that cobalt was analysed by an atomic absorption technique).

Separation of active cobalt from:nicke1 in the fi]t#%te
Prior to aﬁé]y;is of nickel in each fiTtrate,.radioactive
cobalt was-separated from it by using an ijon exchange technique.
Procedure: ‘
2 to 3.5 ml of the filtrate portion (depending on
the reaction time) was mixed with 7.5 ml of 10 M HCI ,
and was él]owed to pass thrdugh the prepared ion exchange
column, packed with strongly basic anion resin, precon-
ditioned with 10 M HCY. Three additional 10 ml volumes
of 10 M HC1 weré used for elution. Effluent containing
cobalt-free nickel was eyaporated to remove acid and-
//processed further as described in the schémaiie diagram
P ' for determination of nickel (Figure (4)). Active cobalt
remaining bn the resin was eluted with 1 M HC1 followed

by washing with deionised wéter.



Figure (4) Schematic diagram of the procedure for the coprecipitation

of cobalt with nickel heptoximate

L]
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of same n1cke1 stock .

| solution and corresponding .
i amounts of reactants in
ibeakers

]
'

!
L
l[;leactnont__1

\mlxture

=

3.0 mg nickel
1.0 ug cobalt
corresponding
amopnts of
CHDO and HX
in each
reaction tube

-

precipitate

-

3.0 mg of Ni, 0 ug
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The above procedure was app]1ed in the f0110w1ng coprec1p1tat1on
‘exper1ments . 3 0 mg n1cke1 and 0.5, 1 0 5 0 10, 0 100 0 ug of _
‘cobalt at 15°C, 3.0 mq of n1cke] and 1 0 g of cobalt at 5°C and 5.0 mg of n1cke1

and 1 mg of cobalt at 23°C. Three repet1t1ve runs were performed for

each exper1ment except the one at 5°C

‘IILD. Coprecipitation of copper with nicke1 CycIoheptanedfonedioximate
| | tOpper‘reacts with 1,2-cyclqheptanedionedioxime td form a

brown insoTuble comp]ex. Its interference in the conventional pre-

cipitation of nickel cyc]ohepfanedionediox%mate has been reported (9é):

A coprecipitation study similar to that of cobalt with nickej heptoximate
was performed. - ’

II;D.(I) Apparatus and Reagents

Apparatus

Spectrophotometer

Spectrophotometric measurements were made using a Spectronic 600
spectrophotometer supplied by Bausch and Lomb, Inc.with cells supplied
by the Scientific Cell Company Ltd,

Atomic absorpeion spectrophotometer, constant temperature bath,
reaction tubes, shaker, centrifpge and glassware used were the same
as described in section IT.A.(3). |
Reagents
| Nickel ion solution, cycloheptanedione and hydroxylamine hydro-
chloride, acid, base and buffer solutions were prepared as mentioned in

section I1.A.(3).
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_Copperoaon solut1on e R ."_;' fd,i' 3 3
| ‘ Copper ion so]ut1on was prepared from reaqent grade copper

: su]phate pentahydrate and was standardised by prec1p1tat1on as cuprous

tmocyanate (122).
D1benzy1d1th1ocarbam§te.so1utfon
A0.01% reageot solution was prepared from reegent grede zinc

dibenzy]dithiooarbamate salt 1n carbon tetrachloride.’

[ D

11.D0.(2) Exper1menta1 procedures

A s1m11ar procedure to that used during studies -on the co-’

precipitation of cobalt with nickel heptoximate was app1ied but with
cobalt (II) replaced by copper (II} (Section II.C.(Z));' The schematic
diagram, inciuded as Figure (5), shows the detailed stepwise experimental
procedure. Analysis of nickel was done on the precipitate fractions
using the procedure reported in section 11.C.(2).

Analysis of copper was carried out in one of two ways - either
by atomic absorption or by a U.V.-visible :peqtrophotometric determination.
The atomic absorption method was applied for samples wjth a copper |
content greaterthan 10.0 ug (procedure A). Samp1es of smaller copper
content were analysed by the spectrophotometric method'(procedore B).
Procedure B: |

The sample to be analysed for copper was transferred to

a 250 ml beaker and'diluted to 100 ml with deionised water

and dilute sulphuric acid. fhe acidity of the

solution was approximate]y one norma]d It was trdnsferred

and shaken with a 10 m] portion of 0.01% dibenzyldithiocarbamate

A



-

Figure (5}, Schematic diagram of the procedure for the coprqcipitationr

of copper with nickel heptoximate
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'solﬁt1on ln carbon tetrach]or1de in a 250 ml sepafatory.
rfunnel After the separation the orqan1c 1ayer was.
'_transferred to a second separatory funne] The former.

-funne] was careful]y r1nsed with. fresh carbon tetrach10r1de
30 m of water, 5 ml of 8N sulphuric acid and 2 ml of
0.5 N-potassium pérmanganate,§o1u;ion were added and
 the whole mixture Qas shaken foﬁ fduf minutes. After
settling for a'few minutes,.the mixture was.shakén -
briefly with 3 ml of 10% hydroxylamine hydrochloride
solution. When all the permaﬁganate colour completely'c
disappeared, the carbon tetrachloride Tayer was removed
and discarded. The aqueous layer was extracted again with
a 10 m1 portion of 0. 017 d1benzy1d1th1ocarbfmate reagent.
The resulting transmittance of the coloured organic
layer was measured at 435 my ona spectrophotometer.
Standard solutions were processed in a similar manner.
Following the procedural scheme of Figure (5) coprecipitation
experiments.were carried out with 3.0 mg of nickel and 2.5, 5.0, 10.0,
25.0, 50.0, 100.0 ug of copper at 5°C and with 3.0 mg of nickel in the
presence of 100.0 ug of copper at™15°C. The scheme is representative
for 10.0 ug of copper but 1t W3S also used. for other levels of copper
present '

II.E. Determination of total number of cnysta]s formed during the
precipitation of nickel Reptoximate

The rate of precipitation per active site is an important

experimental variable in the coprecipitation model of Klien and

56.



' Fonta1 (]19) It is assumed here that the number of act1ve s1tes 15
-proport1onal to the number of crysta]s formed dur1ng the prec1p1tat1on
- The number of crysta1s was determ1ned us1ng a convent1ona1 blood cell ‘ o

_.-xype couht1ng technique.

-‘II.E.(\)'Apparatus and reagents
Apparatus | ‘
Particle counting 1nstrument

A "Coulter- counter” model "B" equ1pped with 10011 aper ture
tube was used. The instrument was supp]ied by Coulter Electronies. Ihc.
F11ter1ng apparatus | |

A four gallon pressure f11ter1ng-apparatus 5upp11ed by Corne11us
Co. was used for filtering the electrolyte solution. The filter paper
used was of sartorious membrane PVC type which has a 0.45 micron average
bore cize. Pressure was applied to the system using compressed nitrogen.

Reaction tubes, shaker, constant temperature bath, centrifuge
and glassware used were the same as described in section 11.8.(2).
Reagents ™~

Chem1cals reported in section 1. C and 11.D were utilized for

precipitation procedures.
Electrolyte solution

A solution of 1M potassium chloride-(reagent grade) which had been
pressure filtered at least twice was used as electrolyte. A few drops of 1%

w/v Titron X in the electrolyte solution cerved as a dispersing reagent.
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.‘;II.E.(ZDTBroéedures o - ; -  f'f - IR .;.'
| (a) Bﬁékgfohnd codﬁ;1ng EEEEEE S
Procedure: - - .‘ _
“The Coulter éountef;pfobé-eqqippgd.witﬁ 100 v
' aperture “tube w&s&ff11ed with e1e9tro1yte.solﬁt10h
after fluéhihg the glasswaré'w1£h‘the-same solutién.
It was then {mmersed in the electrolyte solution con-
tained in a 250-ml beaker. At least ffte readings of-
the background count were determined and recorded
(resistance matching = 32L._amp11f1cat1on = 1/2,
aperature current = 2, lower threshold = 1.0, upper
threshold = 103.0, mode = separate).

{b) Determination of number of crystals in the precipitation of nickel
heptoximate in the presence of cobalt

Procedure:

Seven to nine reaction tubes each containing 3.0 mg
of nickel, 60 mg hydroxylamine hydrochloride and 0.5 ug
of radioqctive cobalt (60) were prepared in the same way
as mentioned in section II1.C.(2). They were held in the
reaction tube holder-shaker at a constant temperature
of 15°C. A solution of.1.2—cycloheptaned10ne. cooled to
the same temperature was used for addition of 19.5-mg of
the réagent to each reaction tube. The time of mixing
the reagents was recorded for each tube.

At particular pre-determined reaction times, one

reaction tube was removed from the bath and diluted
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| to appropriate volume at once with e1ectro1yte so]ution
(Dilution was made SO as - to obta1n total counts of 10, 000
to 100,000 per ml of sample solution. ) A 250 ml bea ler
containing the d 1uted sample was placed on the- beaker

‘.stand and the tota] number of particles was counted
1mmed1ate1y. The method used was the same as that

of background count1ng Similar measurements were made

A

- at reaction intervals of 35, 40, 45, 50, 55, 60, 65, 70
and 75 minutes. Flushing the 1nstrument with e1ectro]yte
and checking the background were performed between
measurements of each sample.
| Two identica] experiments were repeated on the precipitation of
nickel heptoi1mate in the presence of 1.0 ug of cobalt (60) at 15°C
and with additional time 1nterva15 of 2.0, 5.50, 6.50, and 7.50 hours.

(c) Determination of number of crysta]s in the precipitation of nickel
heptoximate in the presence of copper

Procedure: :
Two similar experiments to that of section {b) were
repeated but cobalt (I11) was cep1aced By copper (51)
and the temperature was changed to 5°C. 25 ug of copper
was precipitated together with 3.0 mg of n1cke1 D{lutions
and countings were made at reaction intervals of 80, 90,

100, 120, 130, 140, 160, 180 and 210 minutes.



- II1. DATA PROCESSING ANB ERROR ANALYSLS

ITI:A. Data Analysis in Kifietic Studies
The observables used in the'kinetic plots were amounts of nickeT~in the'

pfecipitate, initial concentration of cycloheptanedione, initial concentr-

“ation of hydroxqumine hydrochloride and reaction time.

For kinetic plots, values of

: Q . . -
[CHDOJ” - 2(nickel in ppt)| - and reaction time (t)
(Hx]® - 4(nickel in ppt)

were used as variables in the least square program (program {1), Appendix
[1[}. The calculated values of slope and the intercept provided the -
apparent rate constant (k') and integration constant (c'). Carresponding
standard deviation values from the computer outbut were used for calcul-
ation of the errors associated with each (k') and'(éﬁ)at the 95% con-
fidence level.

To report the error associated with the average rate constant

(k'), all values of k' with the associated error of each were processed

as follows.

. -1 2 - 2
Variance of k' = QET- var. of k, + EK—J‘ Var. of k, +
: ak1 1 2

' _ 2
or Variance of k'=‘[%] [var. of ky + Var. of ké + .. %var. of kﬁ]

60



Var, of ki -

~ Error in k' = : oty L
- o N -Vogs . -

N = number of observatijons

.S1m11ar1y errors assoc1ated w1th the. average 1ntegrat10n constant.were

ca1culated as

.o Var. of ¢’
(- . -
Error in c N VI

t(‘"‘”0.975

(n 1)0.975 = random variable for N at 95% confidence 1eve1

The error calculated as above for the average apparent rate constant
(E') was directly transferred and reported as the error associated with

the true rate constant value (k).

I11.B. Calculation of Distribution Coefficients

{I1.B.(1)} Primary observables ”““"‘)

The prifary observables required for data analysis are total
(initi&]) nickel, nickel in the sofﬁz:ii’ and nickel in the precipitate
at various stages of the precipitation reaction , total (initial) tracer,
tracer in solution and tracer in the precipitate at various stages of
the precipitation reaction.

In the determination of nicke]lby the atomic absorption technique,
the standard solutions for calibration purposes were prepared from the
nickel stock solution used for the preparation of the reaction mixture.
The observed amounts of nickel present in the filtrate and the precipitate
samples, therefore, were re]ativé to the total nickel added to the initial
reaction mixture. For convenfence,'rg1ative concentrations were used in

.

calculations rather than absolnte values of the concentratibns.
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Dur1ng the pre11m1nary 1nvest1gat1ons, both the filtrate samp]es

~ and prec1p1tate samples were ana]ysed for their n1cke1 content (These

were prepared from the filtrate and precipitate portwons resu1t1nu from -

rf11trat10n of the react1on mixture dur1ng the preC1p1tat1on u51ng the "“f:'

procedure noted in section (II B. )) Within the accuracy of the exper1ments,

"

‘the” obseryed mass balance,showed good agreement with the initial nickel

""added (see table (1}, Appen@ﬁx ITI). When cobalt was used as, the tracer,

-

nickel was ana]ysed;in the;%iTtrate samples only and precipitate sampfes

only were used for the analysis of nickel when copper, tracer was present

in the system.” .The additional data were obtained by use of the mass

balance relationship. 2 U

- - ‘\’ . .
A linear least square program which prepares a ca]ibration plot

and,pgovides the concentrations of nickel for each sample anai}sed
(pﬁogn§; (1), Apbendix IT1) was used for data ana1ysis.n The pregram
computes the slope of the straight line and the intereept with their
associated errors. A plot of the input data is also printed in the
computer outth.

; Eetween four and seven measurements usually were taken for each
sample solution analysed by atomic absorption. The observed concentrations
wene then computed by a stan@ard Seviation program (program (Zi, ngend%x I1I).
The erogramxprovgzﬁs‘the mean va]ﬁe of the "nP.numgaF of measurements,
the varianceqang tﬁe standaﬁﬂ;deviation\of the mean for each ob%envab1e.

S ‘4

The variance value was used for cal 1at1ng the, error aSSOC1ated w1th

« the. obserVab]e af“i..EQS%Qsonf1dence level, i.e. ¢"
) : _ |variance ' 0 o,
\.‘ \”'. errpr = e X Gn ])0 975 |
) ol .
. » P ) [} ‘



| A‘ A ‘similar procedura] sequence was app11ed to the ana]ys1s of
copper in the f11trate and prec1p1tate samp]es The}error assoc;ated_with
each observab1e was s1m11ar1y reported at the 95% contfdence level. A
typ1ca1 mass balance is reported in tab]e (2), Appendix IfI ‘ Hhen
-Eoba1t 60 was used as the tracer, a ganma ray’ count1ng techn1que was
applied. The standard dev1atton recorded for each sample was the square

‘ " root of the total number of counts observed. Total tracer {initial) was

used as the standard for counting and the tracer in solution and tracer

in precipitate was cdlculated relative to the total amount. A good mass

balance was,usua1jy observed. -An example of the mass balance is
X \

i

i reported in table (4), Appendix III.

I11.B.(2) Calculation of errors associated with the distribution coefficients

The egquations used for calculation of the distribution coefficients

" are
oy . ' ) ‘
n [(T8tal tracer] [Tracer in precipitate]
[Tracer in solution] , [Carries in precipitate]
s and D =
I n [Total carrier] ' [Tracer in solution]
‘} ] {Carrier in solution] ‘{LCarrier in solution)
C A\ . . .
(a) Error associated with X .
b LT . g T
~ : ,
¥ n [TT] : -
1 TS R a . S
Let » = ———— T
= , _ oy [CT
o . In. S
- ' >
. ) .
! P
o . \
L
9 Pl



where,[TT]'= total tracer
tTS]'='trqcer'in so]éﬁiod;
lfCT] = carrier total ..
[cs] = carfieriin so]htion

: o s,
Thus, the variance of X = [%%%TT

BN L
T ¥ [}(CT)

aAa
- Var. (TT) + [a(TS)_

-.2'

2 | a2
. Var. {CT) + [B—(E)_
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. Var. (TS)

. Var. fCS)

Since the variance of TT (total tracer) and .variance of CT (total carrier)

3

are relatively small compared to those of TS (tracef in solution) and

CS (carrier in solution), the expression becomes

e —

1

i (TS).In[&%&P-

*

. Var.

(TS) +

. Var. (TS) +|-

. (TT
, In TS)
i
(cs)]

| a(CS)

6;3 2
1n [{%%}} . var. (CS).

. var. (CS).

2
{CT}. [‘In {%H :

A computer program (program (3), Appendix I11) was utilised for calculation

of variance in A. Errors associated wit

were then calculated;
!

h-A at the 95% confidence level

B!
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(b) Error associated with D.

By
let D = Pl =

Th ; of D Y I Py + |20 2‘). (CP)
en, variance o 3 TP . ar. m‘. ?r.‘ '

+ G | 20 1% .
AT Var. (TS) + 3(csy| - var. (CS)

- ) ) g
= [ CPCS 3 ] . var. (TP} + ilflégél—— . Var. (CP} +
: L (CP)". (TS

2 ' _ L,
TP)(Cs (17)
)98 sy + emyrsy | - Ve (cs)

Variance of D values were calculated using a computer program (program (4),

Appendix I11) and error associated with each D at the 95% confidence level

was then calculated.

III.C. Data Analysis in the Application of Klein's Equations

The observables required for use in Klein's equation %{14]) =
kzl-kl have been discussed in previous sections, exEépt the {otal nuimber
of particles (N) which were formed during the precféitation‘of nickel

Reptoximate. As discussed inisection I1.E., the total number of particles

B

a)



)

 were measured at least f1ve t1mes fbr each sample The average va]ue of ':
| counts for each sample was ca]culated us1ng the standard dev1at1on‘.
'program (program (2}, Appendlx III) and the error assoc1ated w1th each
was reported at the. 95% conf1dence 1eve1 |

‘ Values of %{A 1) and 1 were used as var1ab1es in the 1east square '
program (program (1}, Appendxx III) and the resu1t1ng va]ues of slope
and 1ntercept,uere recorded as values of (kz) and (k]) respect1ve1y.
. Program (1) a]so provided their associated standard deviation values.
In ca]colating the error associateo with the_rate constant ratio (;%),
the corresponding standard variation values of ky and ky were used. The

equation used was

Variance of |—| = |~—{ . var. (k,) + .|—| . Var. (k,)}
k k 1 2 2
2 2 (kz)

The associated error was then calculated at the 95% confidence level.
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V. RESULTS AND QISCUSSION ‘

IVA. Prec1p1tat1on of n1cke1 i 2—cyc10heptaned1oned1ox1mate fronL,—wr~"f7*d"P#£’
) Homogeneous So]ut1on . — S R

of the aims of the prOJect was

As dlSCUSSBd in section IfE/},o
e
the deve]opment of a PFHS method-for the determ1nat1on of n1cke1 ;

" Attention was focused on the direct synthes1s of cyc1oheptaned1one

in solution and subsequeptly on the,prec1p1tat1on of nickel as n1cke1‘
cyo1ohepténedionéggoximate. Among other vjc-dioximes, oycloheptaneé
-dionedioxime has been‘ospecially recommended for analytioa1'use as
' a.reagent'for the graoimetric determination of nicke] in conventional
methods (Bé).. Using PFHS prooedures, the most suécessfu] method reported
for the qetermination of nickel is the method of direct synthesis of | \‘b
-dimethyiglyoximate from biacetyl and hydroxylamine hydrochloride

in the presence of nickel ions. By ana1ogy, a PFHS technique was

developed in the present research by generating, in situ, cycloheptane-
dionedioxime from cycloheptanedione and hydroxylamine for the determination
of nickel. Sinco the required I,Z-Cycloheptanodjone was not available

commercially, it had to be synthesised'prior to our studies.

IV.A.(1) Preparation of 1,2-cycloheptanedione

The cycloheptanedione was synthesised by reacting cycloheptanone
with freshly sublimed selenium djoxide in alcoholic medium. The reaction

produced cycloheptanedione and selenium metal according to the following
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equation

When .this reactidn_was carried out'followihg the procednre

—

proposed by Van der-tarr; Vater and Banks (120),the observed yield -

of the prbdﬁct was Véry 10#74 usua]]y’]eSs tﬁan‘ZU%..based‘bn‘the o

monoketone. The percentagé purity of the resu1£ihg diketone was also .

1ow,‘i.é( multiple peaks were obser@ed duriﬁg a gas chrematographic

-analysis.  The presence of compounds with molecular weight higher than

"the diketone was indicated in the spectrum in addition to a small amount

of unreacted cyclohaptanone. The product, when dissalved in water,
left small amounts of undissolved residue., The resultant crystals

of nickel cyclohéptanedionedioximate prepared from it by reaction with

- hydroxylamine in the presence of Ni(Il) showed slight positive deviation
r

in the weight of nickel recovered.

The pufﬁty of the product was not discussed by Van der Harr

§t al. since the diketone was immediaté]y transformed to cycloheptane-

dionedioxime. The authoré} however, were aware that the compound,

on standihg over a pé}iod of a few weeks, decomposed as indigated‘by

a darkened appearénce; A1l other prﬁcedures proposed for the preparation
of cycloheptanedione cifed in tge‘iiterature(124,125)inv01ved the immediate
conversion to some other compounds after its preparation; thus the

purity of fesu1t1ng cyc1oheﬁtanedione was not commented uponiin.detail.

.



o It has been - reported 1n the preparation of cyclohexanedione,
-however, that the diketone is usua]]y contaminated by higher b0111ng
'derivatives when cyc1ohexanone and 1ts monomethy] derivat1ves were )
reacted with se]enium dioxide  in. a1c0h011c medium (126) The poss1b111ty
,'of more "advanced oxidation accompan1ed by dehydratfon was pred1cted
in. reaction of se]enium d1ox1de and cyc]ic d1ketones of large rings. |
The by products observed in our preparation of cyc]oheptanedione could ‘
have been formed | by this react1on pathway %w o .

| Purification of the compound by solvent extraction and by
fractional disti]]ation on a spinn1nq band column failed to 1so]ate the
diketone from the by-products. Ways of improving the method.qf
preparation were thus consfdered. -

A detailed study of the method of preparation was undertaken

as reported in section II. A.(2). A series of Tiquid samples were
withdrawn from the reaction mixture at various times during the
refluxing period.and were tesfed on a gas chromatograph. The series
of spectra recorded at different reaction times provided identification of
the compounds formed during the course of the reaction. The data obtained
between eix to seven hours refluxing showed near completion of the diketone
formation and some traces of side broducts neginning to appear. The
detection of a small amount of the starting ESEOketqne suggested that
a 1ittle excess of selenium dioxide should be.present in the reaction
mixture. A fourteen hour standing time was found fo be the minimum period

required for the highesf yield of cyc]oheptqyedione;,nlt was also observed that



'the d1st111at1on of the ¢rude product at very high st111 pot temperatures

enhanced the formation of h1gher mo]ecular weight components From these J.‘

vobservat1ons the ~new set of experimenta] cond1tions for the

' method of preparat1on of cycloheptaned1one. reported 1n section I1. A (2)

o owere established.

The resu1t1ng compound was purified by. crysta]\isat1on from
anhydrous ether at the temperature of dry ice- acetone freezinq mixture
~ The purified compound when checked ‘on a qae chromatograph gave a
-51nq1e peak E]emental analysxs data. reported by a conmerc1a1 laboratory.
are compared with the theoretical values 1n Tab1e (3)
Table (3)

Elemental analysis of 1,2-cycloheptanedione

Observed value ‘Theoretica1 value

% Hydrogen 8.11 . 7.99
Y Carbon . 66.3 66.6
1 Oxygen (by difference)  25.6 - 25.4

Partial characterizetion of the compound was carried out by
spectroscopic methods. The data are reported in appendix I. The mass
spectrum of the compound (Fig. (1) of appendix 1) showed a molecular
peak at 126 mass units. The calculated molecular weight of 1.,2-cgclo-
heptanedione is 126.16. In Fig. (2) of appendix I, the nuclear
magnetic resonance spectrum of the compound is recorded. It shows

W
two types of hydrogen resonance peaks having an area ratio of 2:3~This

7h, .

e i



‘5.15 due to the presence of four hydrogens which are « to- the keto
qroups and six others which are at equ1va1ent n and Y. positions The
strong absorpt1on of a carbonyl qroup from an g d1ketone is observed

~in the 1nfrared spectrum (Fiq (3) of Appendix l) at 1710 cm’ ].

. -The Quﬁ;;fgf\absorpt1on at 3400 cm -1 1nd1cates the presence of the
enolised form of cyc1oheptaned10ne . ' . ' _
The percentage purity of the\p rified product was_determined  _
by using the procedure reported in sect?o T1.A. (2) lThe observed weight
of cycloheptanedione was ca\culated from th f1na1 weiqht of nickel )
cyclohepcanedioned1ox1mate crystals. The perc tage yield of the
compound; calculated on the theoretical value, va jed from. 100 to‘

103 percent.

IV A. ( } Studies on the precipitation of nickel cyclohep nedionedioximate
From homogeneous sotution '

_Data from preliminary experiments showed that the prec1p1tat10n
of nickel cycloheptanedionedioximate using reagent excess ratios of 2:1
for.(CHDO/Ni) and 10:1 for (HX/CHDO) gave satisfactory results of
nickel recovered. During the precipitation period, the yellow colour
of nickel heptoximate appearéd within 7 to 10 minutes after mixing
the reagents. Standing times of 15 to 20 minutes at room temperature
before digestion of the precipitates at higher temperatures provided a
slow generation of dioxime in solution and hence a slow rate of
precipitate formation. Foaming and creeping of the precipitates on the
wall of the beakerwerenoted at digestion temperatures over 85°C.

Precipitates, prepared by controlled-room temperature standinu



o

'.perlods and subsequent digest1on temperatures. wefe mede.up ofilefde;;;:"
d easy to hand]e and’ dense crysta]s su1tab1e for qravimetric procedures-'
.'Thus. a thorquh study of the cond1t10ns of prec1p1tat10n was 1n1t1ated
(a) Excess reagent studles | |

Table (4} shows the effects of various reagent 1evels (cyclo-
heptanedione and hydroxylamine hydroch]oride) when used in precipitation
procedures with various initial concentrations of n1cke1 Vglues of
Amg 1nd1cate theidifferencebetween the we1qht of nicke\ ca1cu1ated
from the observed precipitate weight and the known weiqht of nickel
added to the reaction solution initially. Analytically acceptable & mg
va]uee‘resulted from reactions with CHDO/Ni ratios of 2 to a maximum
of 10 and HX/CHDO ratjos in the range of 8 to 10. Negative A mg values,
however. were observed EQ\the precip1tat1ons in which the reagenf excess
ratio of CHDO/Ni was 2 and\values of HX/CHDO ratio were less than 10,

When the HX/CHDO rat

exceeds 100 and the CHDO/N{ rqtjo is
é, only slight deviations in A q\are noted but~the reagent consumption

is very high. The maximum amount;\of reagents used for precipitation

of nickel hepto&imate were a CHDO/N{ xatio of 20 and a HX/CHDO ratio of

100. Anal&fica]ly acceptabde results w . obtained. For every nickel level,
the combination of reagent ratios of‘CHDO/‘t equal to 2 and HX/CHBO

equal to 10 provided satisfactory results of ickel recovered. Thus this

com51nat10n was recommended for gquantitative pr cipitation of nickel

heptoximate.

72
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Table (4)

. Effect Of-reégent excesses on ‘the precipitat1on of

” n1cke1 heptoximate

"N (mg) - CHDO/N (X)

.00 0 . 2
20
100
10.00 2
2
2
2
2
2

2 -
2
2
2
4
6
10

20.00 . 2
. . 5
50.00 2

CHDO = cycloheptanedione
HX ‘=, hydroxylamine hydrochloride
X = ‘reagent excess ratio

HX/CHDO (X)

10
100

10

O O o 5™

20
50

= 100
500
1000
10

10

10

10
10

10

'-0.02

+0.03

.+0.04
-0.02

-2.37

. -0.91

-0.63
10,00
+0.01
-0.01
+0.01
+0.00
-D.04
-0.62
-0.01
#0.00
0,03
t0.00

-0.12
-0.01

+0.04

, .7;  ;,




b) Effect of pH, temperature and d1gest1on ttme ‘
*,'_ Banks and Voter reported that the prec1p1tat1on of n1cke1 heptox- '
1mate by a convent1ona1 method was quantttat1ve at pH 2. 7 or qreater
_;(presumably ammon1aca1 squt1ons) (8 ) Prec1p1tat1on 1n s]1ght1y ac1d1c ~
medium, however, was recommended since p1cke1“cbu1d be separated from & . .f -
certa1n cattons.WJthout the use of_;omp]exing agents. when‘a simi]ar ' :- °p : .
reagent, cyc]phexanedfonedioxime Vwas used to precipitate ntcke] iﬁfthe\\\//’_f\\'
convent1ona1 way, the prec1p1tat1on was .reported to be quantttattve at pH '
3.0 and greater. Heptox1me (cyc]oheptaned1oned1ox1me) and n1ox1me.
(cyclohexanedionedioxime) have a distinct advantage in this rgspect over
dimethylglyoxime whtch can only be used in neutral.or alkaline media. The
ability of both oximes to precipitate nickel in both-acidic and alkaline
mEﬁja must be due in part to a-structural effect. A systematic investig-

ation of the compounds formed between nickel and various dioximes of

structure type

H.

/0/ '\0
R-C= N o N =C-R
] |
_ S —

R -C =N SN=C-R
0 0

: Sy

has revealed that, with increasing chain 1ength in R, the nickel compound
starts to form at Tower pH values (79 }. =

In our studies, the quant1tat1ve region for the precipitation of n1ckel
heptoximate was found te be between pH 4.25 and 7.35 The effect of pH
on the precipitation reactn is 111ustrated‘1n~F19. {6). Precipitation
reacttuns carried out at H valueb:outside thisirsgion resulted.in tow

weights of nickel precipibate .



ra

Figure (6 The effect offpH on the precipitation of nickel cyclo-

heptanedionedioximate.

*Hanna, J.D., unpublished results,

—_—
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(c) Bevelopment of a PFHS procedure tor the detenuination of nickel‘“alone -
Pre]iminary invest1qationq conducted to determine the appropriate A.'

concentrations of reaqEnt:. pH, and a dlqest\on sequence resulted in a

set of experimental conditions fbr a new PFHS,method for the determination -

of nickel alone.  The' method as detailed in nection lI A.(8) was npplied

to “the precipitation of 1.00 to 50 0 mq of .nickel u<1nq the <unqe<ted -

conditions for 50.00mg of n1cke1 Table (5) shows that the results |

othined were pre;ise and accurate,

In addition, the method is simple and easy. Crystals produced

Loy

by relatively slow precipitat%on are-large, dense and easy to filter.

(d) Determination of nickel in the bre§ence of foreig? ions

Nickel has been precipitated as nickel cycloheptanedionedioximate
conventionally in the presence of aluminium, chromic, marfhanese, vanadate,
plumbous. maqneﬁium.zinc{‘cadmium. antimonite, arsenite, beryllium,
ferric, titanous, cuprous. cobaltous, molybdate, and bismuth ions {88 ,
95 ). Voter and Banks discovered thnt.nluminiumlfchromic. antimonite,
arsenate, ferric, titanic and bismuth ions when present must be complexed with
either ‘tartrate or citrate to prevent their coprecipitation as hydroxﬁﬂbs {88).
It was further reported that cobaltous fon, which forms a brown.complex
compound with heptoxime, remains in solution if the cobaltous ion con-

centration is not too high. If appreciable amounts of cobaltous ion

are present, however, a re-precipitation was recommended. Thé interference

cobalt in the conventional precipitation of nickel dimethy]g]yoximate
was S arly eliminated by using excess dimethylgliyoxime (127,128).



o

© Table (5)
« vPrgcjp{tation of nickel a]ohe with 1,2 cyc\oheptanédionéi(g)
\,Ni takenA (b) ; . (b) _ - o T .
(mg) 1.00%"  5.00° 10.00  20.00 25.00 50.00 .
40.05  +0.04 $0.01  +0.00  +0.02. +0.05
amg .,  +0.03  -0.02 $0.00  +0.00 $0.00 . +0.03
found -, +0.00  -0.03 0.02 -0.00 ¥ -0.03 -0.05

(a) Standard procedure for 50 mgs. of Ni used in all cases.

(b) J.D. Han a - unpublished results.

a
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Vutvr 1nd hankn. a\no 1nvp<t1nated tho ettectq nf var10u< an16nﬁ
:bn tﬁé‘detennination;uf;nickol as n1cke1 heptO\imate.  Thnwr te5u1t<
shiowed that,Scefaté,‘tnrﬁrato, chloride. citrate, perchlnrate.:sulpha;e.
'sulphosalic§idtv. nitrate and tﬁiouvanatewheﬁ addod'Ss.their aﬁnonfmn.”

nlt\ or a\ their. nv\pcutlvv acids aU\ed l1ttlu tnter erence in. the
'pre\1p1tat1on hvﬁrdc\ the authors addej that the presence of ammonium
acetate helped puovont the ad\orptlon of -oncess reagent by the nlakel
hvptO\inmte. After thgir inye§t1qat1on. thv authors proposed . a method K
for the determination of nickel as Jnickel heptoximate in iron and steel
samples containing vobalt and copper.

A succo*gfuf adaptgtion af their mothod was reported in 1969 in
the determination of nickel radionuclides in.hone and environmental -
samplos-ﬁﬂd). The method was particularly suited tor the purpose because
nickel could be precipitated from acidic medium (perchloric and nitric
acid solution)required for the diqestion of the biological materials and
nickel could be precipitatéd in the mresence of citrate, acetate and thio-

cyanmate  which complexed mdny ot the radivisotopes knawn to be present
in the environmental samples.,

A< in the conventional method tor detvﬁninntion of nichel by
cyeloheptanedionedioxime one would expect'to find useful applications
of the PFHS technique it possible interferences frdm certain’cations and
anions could be eliminated. The study of some selected ions.were thus init-
jated to investinate their effects on the proposed PFHS procedure.

Five cations (cobaltous, manganous. copper. ferrous aqd chromic)

and some anions which are commonly used as complexing agents (chloride,

tartrate, citrate, thiocyanate.flieride, and oxalate } were
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'.‘ﬁtud1ed ‘to investigate’ thelr 1nf1uence en the preclpltatlon of n1ckel ‘hept-
ox\mate ftom ﬁomoueneous so]ution - A smnnarv of nbservatlons from theqe '
1stud1es is teported in Tab]e (6) | | | |

ab1e (6) shows that the anlons <tud1ed have no or l1ttle effect
on the ptee1p1tat1on of n1cke1 heptO\amate These 0bsenvat10ns are in
aeeoud with those of Voter and Banks. Anyone,. or comb1nat1ons of these
GHIDHR may be used-as LUND]E\\“U agents or buffets in the system

Among the cations StHdlEd. CoZi}?. Fe(II} and ‘Cu(IT) caused the
' nbst serious interferences in preeipit’tidn. Thelfinal weights of nickel
in the,heptoiimate precipitates showed high ca]culeted recoveriee&of
.nickel. "Possibly these ions form stable comp]exes with;heptoxime and
have structures similar to that of nickel heptoximate.l If this
is the case, solid solution formation, one type of coprecipitation process
could Eesult. Copretipifatibn‘of cobalt, iron and copper with nickel
heptoyimate was noted in the conventienal precipitation procedure
thoﬁgh ho definite classification was mentioned (88).

ln the PFHS method. amounts of cobalt up to a 1:2 cobalt to
nickeldz ratio caused no serious_interference when a larqe excess of
cycloheptanedione was present. For larger ratios a double precipitation
was found to be necessary.to successfully Separate the eickel from
cobalt. This observation is in agreement with that of Voter and Banks.
The data vathered are recorded in Table (7) and (7a).

The interference of iron was eliminated by oxidation to Fe(I[I)

followed by masking with tartrate ion. Tartrate, however, can reduce

R e I



" Ni ,Heéfing

(mg)  time(hrs)
and Temp.
(e

/20.00 - 3,80-90
/20.00 3,80-90

~ eo00 3780-0

[

20.00 _3,80-90
20.00 3,80-90
20.00 3,80-90
20.00 4,80-90
20.00 - 4,80-90
20.00 4,80-90
20.00 4,80-90
10.00 3,70-75
10.00 3,70-75
10.00 3,70-75
10.00 3,70-75
25.00 4.80-90

10.00 3,70-75
10.00 3,70-75
10.00 3,70-75
10.00 3,70-75

10.00  3,70-75
10.00 3,70-75
10.00 3,70-75
10.00 3,70-75

10.00  3,70-75
10,00 3,70-75
10.00 3,70-75
10.00 3,70-75

: (g)

Study of complexing agents

Table {6)

NH4C1(b) ‘Tartaric

-

NHa
acid “citrate’
(9) - (9)

1.0
4.0
6.0
1.0
2.0
4.0
6.0
0.25
1.00
2.50
5.00
2.50

0.25

1.00

2.50,

5.00

1

'(a)

q)

0.25
1.00
2.50
5.00

(a)pH of the reaction mixturewas 6.75 in all cases

(b)J.D. Hanna and P. Jones, unpublished results

INH%SCN . NHqF
-~ (9}

0.25
1.00
2.50
5.00

s

Amg-.'

.05,
.05,
.01,

.05,
.00,
.02,
.06,
.04,
.04,
.02,
.05,
.02,
.04,
.02,
.03,

.01»
.02,
.02,
0]:

.02,
.03,
.04,
.05,

.02,
.02,
.04,
.09,

+d.
+0:
0.

-0.
-0.
+0.
-0,
+0.
0.
+0.
-0.
+0.
-0.
+0.
-0.

‘0.
0.
-0.
0.

-0.
+0.
-0.
+0.

-0.
+0.
+0.
+0.



. v Table (7)
Precipitation of nickel heptoximate in the presence of diverse ions

&

4
Ni (mg) CHDO/Ni  Mn'2  co™® ™ Tartrate  amg
. : (X) ~(mg) - (mg) - {(mg) - (9) ;
1g.00. .10 , -1 +0.00, *0.01,-+0.04
10.00 10.25 1 +0.04, +6.01
10.00 "10.50 1 +0.04 -
10.00 . 10 2 +0.06,.+0.06
10.00 - 10 5 : . -0.03,+0.01, +0.00
10.00 10 10 : . +0.04, +0.05 .
10.00 2. ! 1 . +0.06 -
10.00 . 2.25 . 1 ' ( +0.04, +0.02, +0.03
10.00 2.75 2 : +0.00, -0.03
10.00 2.9 5 . +0.09, +0.15
10.00 2.9 10 +0.14
10.00 2.75 *5 . -0.73, -0.02
10.00 2.75 *10 +0.02, +0.00
0.00 " 2.75 *50 - - -2.81, -2.31
10.00 10 1 0.25 +0.01, -0.03
10.00 10 1 0.50 +0.02, -0.05
10.00 10 1 1.00 +0.02, +0.03
10.00 10 ] 2.50 - +0.05 _
10.00° 10 5 1.25 +0.01, +0.04, +0.05
10.00 10 10 2.50  +0.02, :0.00, +0.05

0 :

Initial conditions . . R

HX/CHDO = 2X in all cases
pH = 6.75
Digestion time = 3 hours at 70-75°C

*Double precipitation was carried out.

°



Tab'le (7a L -

-

K (mg) CHDO/N1 W R e o

‘Fe NapS203 Tartnate . Amg.

(x) "~ (ng) " (ma): g} () .
10.00 10 5 0.1 +0.15
10.00 10 5 0.1 #0071 ,
10.00 10 10 0.2 +0.05, +0.00
10.00 10 20 0.4 *0.05, 20.00"
10.00 /7 . 10 20 0.4 +0.05
10.00 10 20 0.4 -0.03
10.00 10 50 0.8 +0.03
10.00 10 50 0.8 +0.00
10.00 10 50 0.8 . - +0.03
10.00 10 5 +0.0]
10.00 10 5 -0.02 :
10.00 10 10 +0.12, -0.03
10.00 10 10 +0.04
10.00 10 +7 20 +0.01
10.00 10 20 +0.08 :
10.00 10 50 +0.01, +0.04
10.00 10 70 +0.06
Initial conditions .
HX/CHDO = 2X in all cases - _ -~

pH = 6.75 ‘
Digestion time = 3 hours at 70-75°C



':Fe(III) 1n solut1ons of h1gh pH values and thus the prec1p1t tron was
carr1ed out at. pH 6 25 when lron was present Thetmod1f1ed m thod
f gave sat1sfactory results of n1cke1 recovered in the presence of 1ron
up to a8 maximum n1cke1 to iron rat1o of 1:5. ‘
Copper II was most successful]y masked with thiosquhate at a'i
;pH of‘6.25'or'lowerl The _copper contam1nat1on was pH dependent in ammon1ca1
solutions containing thiosulphate (129) Since the copper contam1nat10n-
is a minimum at pH va]ues 6. 5 .and lower, the preC1p1tat1on of nickel .
heptoximate was carrned out at a pH of 6.25. The copper thiosulphate
complex decomposes;at temperatures higher than 45°C and thus it was
necessary to perform the reaction at Tower temperatures. When copper
was present, the reaction mixture containing copper, nickel and hydroxyl-
aminehydrochloride was initially adjusted to pH 3 to 5 and heated to .
35 to 40°C. A proper amount of thiosu]phate'nas then added. After standing
for severai minutes, the pH was edjusted finally to 6.25 and cycloheptane-
dione solution was added. The nickel heptoximate crystals were digested
for a period of ‘5 hours or more at room temperature., This modified
procedure provided satisfactdry results for the determination of nickel
up to a 1:5 nickel to copper ratio. The results are shown in Table (7a).
Chromic ion also interferes with the prec1p1tat1on of nickel
'heptox1mate from homogeneous solution s1nce the hydrox1de forms easily
in the reaction mixture. Nhe; complexed w1th tartrate jon, however,

. this interference was eliminated. Tartrate was found to be an effective

complexing agent for chromic ion in both precipitation methods,PFHS

!
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Manganous.lon interferes ] 5 tham)th_ other cat1ons stud1ed" NO_' rf;‘

procedure with m0d1f1cat1ons was .used to rec1p1tate the nickel caon-

ta1ned in a National Bureau of Standards steel sample, No. 32(e) in S

. s bl
order to test the effectiveness of thg method. : ' . !/"\
(e) Determination of nickel in a stee] sample as n1cke1 cycloheptane= .

dionedioximate /

-

The procedure reported in section II.A.(5) was used to precipitate

~nickel in a National Bureau of $tandards sample,[No. 32(e)]. The

modified procedure gave satisfactory recovery of nickel when the

experimental gpnditions were properly controlled. Results are shown

in Table (8). A minimum reaction time of 7 hours at room temperature

was required for comp]eté precipitation of nickel. Very long digestion

times (over 15 hours) resulted in low recoveries of nickel. This is
in contrast with Sa]es1n and Gordon' 5 method for determination of nickel

in a steel sample as the dimethylglyoximate. A digestion time of 24 hours

Aat room temperature was suggested.

The present method was developed mainly for determination of

nickel in the presence of large amounts of iron and traces of other ions,

~(Cr, Co, Mn, V, Pb, etc.). If a sample of high copper content

is to be analysed, the procedure can be adapfed by referring



~ Table  (8)'

Determination of nickel in a steel sample

Ni, present % Ni found % Average
‘ Ni found %.

- SN
1.19 . 1.19 1.20%0.012)

1.23
1.19
1.19

(a)

The associated error at.95% confidence ]eve]..

[
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fto the mod1f1cat1on of procedure to e11m1nate the copper Similar‘

© —

'mod1f1oat1ons can_be made if the samp1e conta1ns h1gh perBentage of -

cobalt.

Bt

IV.B. K1net1c Stud1es"

T Dm

A Prev1ous reports have 1nd1cated that the rate of the prec1p1t-
ation - has a profound e¥fect on the d1str1but1on pattern of trace
components w1th1n the precipitate(106, 115). Most of the classical
studies; however, have not utilised the reaction rate as an usefu)!
tool for interpretation of results. In some of these studies, it was
noted that neither of the two 11m1t1ng distribution models successful]y

rationalised the data obtained Structural properties of the tracer

and carrier prec1p1tates were considered to be important factors in

understanding the coprec1p1tat1on behaviour "of the tracer in some particular

metal chelate systems (130,131). Only a few recent studies have utilised
the.reaction rate as an additional guideline for data analysis and
interpretation of results(116,118). It is our belief that knowtedge of
the kinetic aspects of the precﬁpitation reaction will be useful in

explaining the observations resulting frmnooprecipitation.

Kinetic aspects of the reaction'between carbonyl compound; and‘ ‘
nitrogen bases were discussed in section 1.A.(4). As stated in that
section, Jencks reported the presence of carbinolamine type intermediates
in these reactions. The rate 1imiting step of the proposed reaction
sequence in neutral so1utions is the acid catalysed dehydration of this

addition product (104).

86
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In the prec1p1tation of niekei dimethylgiyoximate generated from

_fbiacetyl ‘and hydroxyiamineain so]ution 1n the presence of nickel

;rGordon and coworkers Ut111$&d Janck's mode] as a gu1de11ne in eva]uating
'atheir observations (104).- The authors reported the presence of carbinoT-
amine type 1ntermed1ates and’ presence of comp]exes fOrmed between nickei

ion and these 1ntermed1ates The proposed reaction sequence was success-
F

fully app]ied in data ana]y51s in the kinetic and mechanism stydies of

]

nickei dimethyiglyoximate formation reaction in solution. The reaction |

E

sequence and p0551b1e pathways leading to the formation of nickel dimethy1~

-

glyoximate were discussed. s ¢

IV.B.(1}) Effects of temperature pH and excess reagent ratios on the .
nickel heptoximate formation reaction '

The 1nf1ueﬁ€e\of solution temperature on the rate of nickel
heptoximate formation is demonstrated in Fig. (7). In the diagram the
precipitation performed at the highest temperature (75°C) reaches near
completion in less than one half-an hour. The reaction curve which
corresponds to 23°C shows a slower reaction rate. A relatively slow
reaction is.-necessary in a coprecipitation study to perform the reouired
experimental steps (stopping the precipitation by filtration at different
"~ times and washing the precipitates, etc.). Thus, the temperature was
Towered to 15°C and a significant reduction of the reaction rate was
observed. A maximum of a six hour reaction, period is‘availahle for
experimental procedures before 100 percent precipitation occurs,

During the preliminary experiments, the effects of pH and the

amounts of precipitating reagents used on reactfon rate were also noted.



LY
Figure (7). The effect of solution temperature on the rate of nickel

cycloheptanedionedioximate formation.
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F1qu|e (8 1Llthrates the 1eactlon pt0f11os of prec1p1tat10ns pelformed

'f.under ddffeﬁent initial exper1menta1 cnnd1t10ns (Tahle 1, :ect10n 11.A. )

'Curve (1) reau]ted-from a prec1p1tat1on 1eact10n at 23 *C. pH of 6 75.

wlth a CHDO/N1 ‘reagent excess rat10(°)and a HX/CHDO lat1o(10) Curve (2)

:was'obtﬁined from a reaction with the 1n1t1a1 HX/CHDO ratio reduced to

2 A further reduct1on of rate was observed curve (3), when the pH
level of thv reaction was increased tn 7 25 A rate of precipitate
fonnation suitable for the Rubqequent Loprec1p1tat10n study, shown by curve 4,

was obtained by decreasing both the CHDO/NA initial concentration ratio

. and then decreasing the tempeirature of reaction to 15°C. Further

stydies were conducted using the latter initial conditions.

iv.8.(2) Kinetic model for nickel cyc]oh_ptaned10ned1ox1mate formation

reactwn \

By analogy with arguments reqarding the kinetics of nickel
dimethylglyoximate precipitation reported%y Gordon and Hileman. the
rate of formation of nickel cycloheptanedionedioximate can be rationalized

by the reaction sequence shown below.
H~

+ H.0 (4.1}

NOH 2
7
i

H, ?

H, H, H, Ho
0 NOH

H2 * HZNOH moderate N . * HZO . (4.2)
NOH H A NOH
< - 2
H .
2y Hp My

| 89.;T_.



Figure (8)

Precipitation

under various experimental conditions.

CHDO/Ni
CHDO/Ni‘
CHDO/NA
CHDO/N{

Initial

2X, HX/CHDO

2x, HX/CHDO

2x, HX/CHDO

H]

2%, HX/CHDO

nickel = 5.018

10X,

2X,

U]

2X,

2x,

pH
pH
pH

pH

6.75.
6.75,
7.25.

7.25,

of nickel cycloheptanedionedioximate

23°C
23°C
23°C
15°C
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The rate limiting equation for nickel heptoximate formation is h
assumed to be reaction (4.1) “which is first order in both cycloheptane-
dione and hydroxylamine hydrochloride. The rate equation, then, follows:
from
CHDO + HX <low CHOOM (4.7a)
where:CHDD = cycloheptanedione
HX = hydroxylamine hydrochloride and
CHDOM = cycloheptanedionemonoiime :
‘1[9212-0] K [CHDO]  [HX] ' _ (4.4)
In terms of the variable x, representing the increase in the amount of
nickel in the precipitate in a given time t, equation (4.4) becones
dx - BNl ot -k ([eH001%-2(x)) € [HKD-4(x) ) - (4.5)

where:(k) = amount of nickel in the precipitate at time t,

[CHDO]0 = initial concentration of cycloheptanedione,



-
Y

. [H)(‘]o"= 1n1t1a1 concentrat1on of hydroxylam1ne hydroch10r1de and

':[CHDO] [CH00]° - 2[x] [Hx] [HX]O_— 4[x]

Upon 1ntegrat1on between the 11m1ts t O.to.t.= t and [N1] tO [NTJ R

respgct1ve1y, equatlon (4.5) becomes
1 = { [HX]°-4'(x‘)},.' i
2[Hx1°-a[cHD01® - [([CHD0T-2(x) ]}

Equation{ 4.6)is in the form

{[HX1%-4 (x)}

In = k't + ¢’

; {[CHDO]?-2 (x )}

. where k' = k { 2[HX]°-4[CHDO]°) ‘and

[cHDO]°

kt +

[f the proposed model is correct, a plot of 1n {{

3

1 .

T

In [{%égvjo}' (4.6)

HX1%-4(x)) vs time
([CHDO]®-2¢x))

should yield a straight line with a slope of k' and an intercept of c!

Figure (9} shows such a plot using data collected during a pre-

cipitation reaction with initial reaction conditions reported in

section 11.B. Calculated values of k' apd ¢

intercept are 0.207 #0.04 hr™' and 1. 6910.04.

from the s1ope and

The theoretwcal value of ¢' i

1.72. These twovalues of ¢' agree within the accuracy of the exper1ments

Thus the proposed kinetic model rationalises the observed data.

5



Figure (9) The kinetic plot of nickel cycloheptanedionedioximate

formation reaction when nickel “alone" is present.

Lo
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Values of tﬁe apparent rate cohétant k"aﬁdlthe'réacfion'cbhstant
c” were determ1ned 1n the rep11cates of prec1p1tat1on react1ons
Average va]ues were calculated and ére ; recorded in Table (9) ‘The‘
'true ‘rate constant k for the react1on was then ca]cu]ated us1ng average
-va]ue of k' accord1ng to equat10n(4 8). Subst1tut1on of derived. data 1n
equat1on(4 5)g1ves the rate of precipitation, of n1cke1 cyc]oheptaned1one-
. dioximate at 15°C. '

--, Similar data anélyses were carried out for prec%pitation reactions

at.temperatures of 23°C and 5°C and we;g—compared with that of'15°é.
Table (10) shows a summary of the values of rate constant and integration
constant resulting froﬁ precipitation reactions performed qﬁ_different
temperatures. The observed ¢’ values agree well with the théoretical-value of
¢ and thus indicates that the proposed model is successful in data analysis.
An Arrhenius plot for the nickel heptoximate formation system was prepared
and reported in Figure {10). The activation.energy of the reaction was
observed to be 11.9 kcal mole” .

To study the effects of trace level amounts of Co(II) and Cu(II)
on the rate of nickel cycloheptanedionedioximate precipitation, the
experiments reported in section I1I.{(C) and II(D) were carried out. The
resulting data were processed using the proposed kinetic model as a guide.
Figure (11) is a kinetic plot resulting from data collected during a nickel
heptoximate formation reaction in the presence of 6.5 ug of cobalt.
Similar plots were prepared for each trace level.

Table {(11) represents @ summary of observed kinetic data resuiting

from the precipitation reactions of nickel heptoximate in the presence

of different quantities of cobalt (0.50, 1.0, 5.0, 10.0, and 100.0 micrograms).



. Table (9)
Observed apparent rate constant and 1ntegrat1on constant va]ues
for the nickel cyc]oheptaned1one d1ox1mate reaction”

o~
-

- Run -k k'(average) . . ¢’ €'{average)

No. : o : , )

1 0.207¢0.036 © - !  1.6910.005

2 0.219+0,040 1.6500.009 ¢

3 0.136+0.033 1.697+0.009

4 0.151:0.026 1.696+0.006

5 - 0.139:0.017 1.705+0.004

6  '0.258:0.029 1.599+0.008 S

7 0.162 0.0081 0.187:0.011 1.688:0.002 1.676:0.002"
8  0.213:0.056 1.72240.005 ‘ '
9 - 0.132:0.037 1.680+0.003
10 0.253+0.11 - 1.627:0.02

In1t1a1 conditions

[Ni] = O. 0026g’m01e 17!

[CHDO] = 0.00613 mole 1 Temperature = 15°C -
[HX] = 0.0345 mole 171 Theoretical jntegration
[NHch] = 0.0240 mole 17 constant(c). - =1.727

pH = 7.25
-1



'Tab1e-(10)

-

Observed rate constant and react1on 1ntegrat1on constant va]ues for, the ”-.-'

nickel cyc]oheptaned1oned1ox1mate prec1p1tat1on react1on

7

Temperature - Average apparent True Rate Observed Theoretical
rate constant constant Reaction - reaction

R T -1 constant - constant

k' (hr' ") k(hr ') . c! c
55c . 0.067 #0.02 .1.50 £0.02 1.654+0.006 ‘ 1.727(a) \k

15°C 0.19 +0.01 4.20 +0.01 1.676:0.002  1.727(3)

" 23°C 0.37 +0.1 6.11 0.1 1.366:0.005  1.440'P)

(a)The reagent excess ratios used for precipitation reaction were CHDO/Ni =
2X and HX/CHDO = 1.5 X

(b)The reagent excess ratios used for the precipitation reaction were
CHDO/Ni = 2X and HX/CHDO = 2X,



. \ )
Lok o :
.Figure (10) In K versusk%L(T = absolute temperature) for the

. nickel heptoximate formation system.
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Fig. (11)

L
The kinetic plot of nickel cycloheptanedionedioximate

formation in the presence of cobalt.
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L Table an.

99"

Observed rate constant and 1ntegrat10n constant values for nicke]

heptoximate fonmation reaction in the presence of different

Cobalt
present

(ug)

0.50

1.0
‘5.0
10.0

100.0

k!

0.262:0.019
0.214:0.019
0.261:0.058
0.282:0.034
0.204:0.095

Initial conditions

[Ni] = O.

[CHDO]

[Hx] = 0.

[NHaAc]

00203 mole 17!

0.00613 mole 17

0345 mole 17

= 0.0240 mole 17!

quant1t1es of cobalt

k (average) c':

1.662:0
L 1.659+0

0.239:0,03
1.680:0

1.67510.

pH = 7.25
Temperature
1 ug of Co

Theoret1ca1

constant (c¢)

1.630+0.

¢ (average)

.004
.004

02 1.661+0.004

.008

4]

15°C. //

6.93 x 10-7 mole 1']

integration
= 1.728

MM\

) e
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:Recorded data indicate that the observed rate constant of the reaction
in the presence of coba]t is’ 1ndependent of the amount of cobalt present

_ Nhen compared with the rate constant vaTue of the react1on 1n the absence _
.of cobalt at 15°C however a sl1ght enhancement in the apparent rate
-‘constant k' (0 1940. 01 to 0.24:0, 03) was noted.- The presence of cobalt

seems to have an effect on the rate of n1cke1 heptoximate reaction . The

average apparent rate constant va1ue k' was ca]cu]ated from all rate constant o

values observed during prec1p1tation reactions in the presence af different
trace levels. Similar data ana]ys1s was carried-out for precipitation.
reactions in the presence of coba]t performed at different reaction
temperatures, Table (12) shows the rate constant data from reactions at’
5°C, 15°C ano'ZB“Ct An.hrrhenius‘p1ot was' prepared and it is recorded in
Figure (10). Approximatély the same value of activation energy was
observed in both nickel heptoximate formation reactions in the absence

and in the presence of cobalt.

The effect of trace amounts of copper on the niche1aheptox1mate
précipitation reaction was similarly studied. A kinetic plot (Figure (12))
was prepared from data observed during a prec1p1tatfon reaction when 25.0 ug
was present as tracer. Calculated values of k' and ¢' from the slope and
intercept of such kinetic plots were gathered for all reactions in the
presence of varjous trace levels of copper. And data are recorded in
Table (13). For all copper levels studied (2.5, 5.0, 10.0, 25.0.l50.0 and
.100.0 ug ) at 5°C, no significant change in reaction rate between each
level was observed. The calculated average value of E!. the rate constant

for nickel heptoximate precipitation in the presence of copper, however,

100 “

1




Figure { 12 }. The kinetic plot of nickel cycloheptanedionedioximate form-

ation in thgfpresence of copper .
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. Table ,(12)

" Observed rate constant and- i egrat1on constant va]ues for the nicke]
cycIoheptaned1oned1oX1ma prec1p1tat10n.react1on in the S
: B presence of coba1t °. -

N . R X R .
Y

Temperature  Average.apparent True Rate - Oﬂsefved - Theoretical

. rate constant -  constant’ reaction - reaction -
- B L . constant - constant

k' (heh * k(b e e

5°C 0.073£0.003  1.658:0.003 1.65850.01 _ 1:727()
15°C 0.24:0.03 . 4.60:0.03 '1.661:0.008 1.727(P)
23°C 0.41:0.4 6.76+ 0.4 1.3840.06 1.440(2)

(a)The reagent excess ratio for precipitation reaction was CHDO/Ni = 2X
and HX/CHDO = 2X.
(b)The reagent excess ratio for precipitetion reaction was CHDO/Ni = 2X

and HX/CHDO = 1.5X%




BT T g b e = e ek T 1

Copper. : k'

present

(ug) |

2.50 ' 0.035:0.034
5:00  ° 0.040:8.010
10.0 0.054:0.015
25.0 0.050:0.042
50.0 0.041:0.033

100.0 0.054+0.025

jnitia] conditions

[Ni] = 0.00203 mole 177

[CHDO] = 0.00613 mole 1

[HX] = 0.0845 mole 17"

. Apparent rate constant (k

-

[NH,AC] = 0.0240 mole 77}

-fab1e

03

') of. nickel heptox1mate format1on react1on

-E (average)

0.046:0.013

1n the presence of d1fferent quant1t1es of copper

'E'(average) -

1.7165£0.013
1.7085:0.0031

1.6904+0.0031 '
. 1.6956+0.0036
1.6854:0.010

1.6935+0.010

1.6756:0.0062

pH'= 7.25

Temperature = 5°C . ‘
1 ug of copper = 6.63 x 10'7 mole 1~
Theoretical-integration

constant (¢) = 1.7283

103
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.shows a s]1ght decrease from the prev1ous1y recorded rate constant _
- vaTue in the absence of copper The k‘ changes from 0. 067+0 02 to O. 46+0 0l.

'Th1s 1nd1cates, therefore that the presence of copper seems to retard

the rate'of—nickel heptoximate prec1p1tat1on reactjon The present
observation'para11els-the previous”statemeots of Schweitzer and McDowelT |

{132) and C]assen and Bastings (129).

" Observed rate constant data from the set of prec1p1tat1on reaot1ons

of n1cke1 heptox1mate 1n the presence of copper performed at d1fferent

temperatures are recorded in Table {14)..

The informatjon thus obtained, regarding the kinetics of the nickel

cyc]oheptanedionedioxime precipitation reaction will be useful in inter-
t : Y

pretation of the data observed in coprecipitation studies.

Iv.C®Coprecipitation with Nickel 1 ,2-Cycloheptanedionedioximate

Coprecipitation of cobalt with nickel dimethylglyoximate has been

v

-known since the_introduction of dimethylglyoximate into analytical use.

Brunck, who first proposed the use of the reagent for the gravimetric
determination of nickel observed the interference of cobalt in precipitation
procedures {133). The author recommended the use of about five times
the stoichiometric amount ot dimethylglyoxime required to precipitate

nickel present with no mention of any relation to the quantity of cobalt

. present {128). Since early investigations on the.coprecipitation of cobalt

and other cations with nickel dimethylglyoximate, most” authors haveagreed——————
that interference of cobalt can be eliminated under proper conditions (134).

It was generally accepted that when cobalt is present, an excess of

Py -

puE)



Tdb]e (14)

Observed rate constants and 1ntegrat1on constant va]ues for ‘the n1cke1
_ cyc]oheptaned1oned10x1mate prec1p1tat1on react1on in the presence

of copper
Temperaturé : ‘Avefage apparent. True rate QbSérvéd integration
rate constant . constant constant(a)
k‘mr’])' k(hr']) c'
5°C 0.046+0.01 ‘ 1.03 £0.01 1.696+0.004
15°¢ 0.2120.2 4.60:0.2 1.688:0.05

(a)

Theoretical value for #ntegration constant ¢ for both

% temperatures is 1.727.




.'d1methylg1yox1me suff1c1ent to comp]ex all the coba1t must be added (135) C

”These class1ca1 stud1es have a1so 1nd1cated that 1arge amounts of coba1t
“and copper seem to retard’ the prec1p1tat1on of n1cke1 dlmethy1q1y0x1mate,
lbut the dxff1cu1ty may be . overcome by US1ng excess reagent and-by a110w1ng_
extra.time for precipitation (83) B |

The coprec1p1tat1on behav1our of . coba1t with nickel dimethyl-.
glyoximate prec1p1tated by convent1ona1 methods was stud1ed by Schwe1tzer
and McDowell using m1crogram amounts of the rad1o1sotope coba]t 60 (132)
‘The investigators observed high levels: of coprec1p1tat1on of coba]t at

the beginning of the precipitat1on. The entra1nment of tracer decreased

with digestion time, however. According to the authors, the coprecipitation

of cobalt could result from a trapping process and an adsorption process
on the 1arge surface area of the precipitate dur1ng the 1n1t1a1 stages of
,prec1p1tat1on; On digestion, the prec1p1tates d1ssﬁfced and reformed
probably through Ostwald ripening, thus releasing the trapped cobalt.

The authors also predicted that the small amount of cobalt remaining in
the solid phase after long digestion was in the form of a solid so]otioh.
The formation of a solid solution may be facilitated by similar structures

of nickel and the cobalt d1methy1glyox1mate complex (136, 137). No
d1scussmon in connect1on w1th distribution laws was reported.

_ A similar study on the coprecipitation of cobalt w1th nickel

dimethylglyoximate mas reported by Lyle and Maghzian inl1967 (138). The

PEHS-method of Salesin and Gordon (47) was applied in which the dimethyl-

~glyoxime was generatedin situ from biacetyl and hydroxy1amine hydrochloride.

The nature of the coprecipitation of. cobalt with n1cke1 dimethylglyoximate



Ty

wWas. 1nvest1gated us1ng m1crogram through m1111gram amounts of tracer

L Resu]ts from their study showed that the fract1ona1 amount of. cobalt

carr1ed down was qu1te low The reported data 1nd1cate that ‘the tracer

is "der1ched" w1th respect to the prec1p1tate a]though th1s Was not
'd1scussed For m1crogram through one m1111qram amounts of cobalt, the‘ .
‘fract1on entra1ned was higher than those when more ‘than one m1111gram o

of cobalt was present 1n solution. I contrast at trace ﬁevels greater ~

than one m1111gram the entra1nment of tracer 1ncreased with an increase
in the 1n1t1a1 cobalt present. The extent of coprec1pxtat10n within each

experimental run jncreased linearly w1$h an dncrease in the. fraction of

© carrier precipitatedfor-a11 trace levels. The authors added: that the

amount of cobalt entrainment observed when using the PFHS method was
smaller than that bserved during’studies’emp1oying the conventional
method_ {132) and A138).

A coprecipitation study of. pa]]ad1um and nickel dimethyiglyoximate
systems was reported by the same investigators. The metal dimethyl-
giyoximates were precipitated from homogeneous solution containing bi cetyl
and hydroxylamine hydrochioride as well as biacetylmonoxime and hydr:iylamine
hydrochtoride Trace cohponent enrichment in the solid phase was'observed
1rre5296{1ve of whether the carrier was nickel or palladium when precipitated
from biacetyl systems at 23°C and 50°C. - Observations from the biacetylmoncxime

system were opposite to those noted above. In, addition, the authors reported

an interesting ouservatlan—#rem—the-copneclpatatlon_styd of palladium with

nickel dimethylglyoximate from the biacetyl-hydroxy]amine system. A

significant reduction of entrainment of tracer was noted on changing the

e eal et

P s |
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reectfoh'temperéthre frdhf50°c to 23°t A moré strfkingwebservatioh'was _'
.that the carrier prec1p1tate was enr1ched’1n tracer when m1crogram -
_amounts of pallad1um tracer were used but the so]ut1on was enr1ched in
'tracer when m1111gram amounts of tracer (1dent1ca1 ‘to that of nickel)
© were present in so1ut1on It seems, therefore that a reduct1on in the
:‘ fractional amount of tracer entra1nment can be brought about by reduc1ng.‘
the .reaction temperature or by‘us1ng higher initial quantities. These
7 results parallel the previdhs obserVEtibns in cobalt-nickel Himethy1—
glyoximate system where the fraction of coprecipitation decreased wtth
an increase in the tracer amount.
The authors discuesed thet observations from metal chelate systems
were in contrast.to those of purely 1norganic systems in which a change
in the molar ratio of the metal ions over a wide'range does not affect
the distribution coefficients. Also, in most of the systems studied,
netther of the-two“1imiting Taws describing the coprecipitation aéf%
function of fractional precipitation ot carrier rationa]iseﬁ the observed
‘data. _
In 1964, Southern and Lyle reported on their coprecipitation studies
~ of some mete1 tervalent ions (scandium, yttrium, cerium and indium) with
aluminium tris-{8-hydroxyquinolate) (130). The precipitation was carried
out by slow isotherma] evaporation of aqueous acetone solutions. Very

low fractional amounts of tracer (less than 0.5%) were found in the

—— e

aluminium 8-hydroxyquinolate prec1p1tate when scandxum(IiI) yttrthm(fii)”ﬁA

and cerium(III) jons were used as tracers in the presence of acetate ion

—



1n the solut1on The fract1on of tracer entra1nment was 1ndependent ofh- :
_ the fract1on ofi;he a]um1n1um prec1p1tated Bes1des, va]ues of the |
d1str1but1on coeff1c1ent D and Ay were reported to vary cons1derab]y -
s the extent of prec1p1tat1on 1ncreased i

Contrary to ‘those observat1ons, the copre%1p1tat10n of trace

amounts of 1nd1um w1th aluminium 8- hydroxyqu1no1ate in the presence of

._%_acetate ion showed a high fractional amount of tracer (10% to 90%)1n

the carrier prec1p1tate. Values of D and A were approximatgly equal and
constant over the whole rdnge of pre;ipitation.

The authors considered that the observed difference in behaviour
of those ions could be due to structural differences between the complexes
produced in solution. A]um1n1um and indium y1e1d tris-{8-hydroxyquinolate}
complexes from solutions containing acetate jon. Other jons {Sc, Y, Ce),
when precipitated in a similar manner could produce compliexes in the
form of M[CQHBNO]Z-X where X is a monovalent anion. Yttrium 8-hydroxy-
quinolate for example was shown to be Y[C9H6N0]2-O-CO-CH§ from an
elemental analysis of the precipitate. The investigators conc]Uded that
the fractional coprecipitation of tracer remained small unless the tracer
* took the form of M(CqHGON)5.

This statement was further examined by Bailey and Ly]e (131) in
their coprecipitation studies of iron and zinc with aluminium 8-hydroxy-
quino1ate.‘ Iron(I11), which forms the "aluminium type" 1:3 complex, showed
similar behaviour to that of indium. ConZiderabﬁy high fractional *
entrainment of tfacer in the carrier precipitate was observed. And the

distribution.of iron tracer was shown to follow the 1ogak%thmic law of

L1090
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Deernerjand HﬁEKihé. The doubly charged z1nc 1on exhlbqted a much d1fferent
distribution patfern Values of D and A are approx1mately equa1 and both
. progress1ve1y decreased w1th increasing fraeti;na1 prec1p1tat1on of the
carrier. The initial va]ues of D of aeprox1mate1y 2 (enr1chment system)
" were reduced to a m1n1mum of 0 4 (der:ehment system) w1th1n one exper1menta1 !
run. The reduction in A values was hessts1gn1f1cant. The elemental ‘
analysis of the zinc 8—hydroxyquinof§te complex suggested that thefcomp1ex
' wae in the. form of Zn[C 0N32-2H'0. lThe authors believed that the influence
of structural properties on coprecipitation systems studied was significant
although the explanation of the observed d1str1but1on coeff1c1ents was

not clear. ‘ - ) -

The authors further suggested that dynamic factors should also
be considered in discussing the_observed data in addition to the structural
properties.“ The effects of the rate of evaporation of the solvent during
the precipitation Process and the rate of deposition of carrier on gfowing
crysta]lites on distribution coefficient (1) were discussed.

Interference of copper with'nickel dimethylgliyoximate has been
knoﬁb since the introduction of the reagent to the method of gravimetric
determination of nickel {139). Nevertheless, very 1ittle information
regarding the extent of interference is available in the literature.
Classen and Bastings reported from their preliminary investigation that
copper interferes by consuming part of the available reagent, by partially
inhibiting precipitation and by direct contamination of nickel dimethyl-

glyoximate precipitate with small amounts of copper {129). The authors

also reported the temperature dependence of the copper contamination in
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amm0n1aca1 c1trate so]ut1on The fréct1ona1 -amount: of copper entralnment
in. the n1cke1 d1methy1g1yox1mate Wa's sma]] at h1gher temperatures and
was found to be a minimum at 90°C _

Interference of copper. w1th the prec1p1tat1on of nickel cyc]oheptane—
dionedioximate by conventional methogs was a]so known (88,140), but no report:
of a systematic coprecipitation study of the system cou]d be found

Add1t1ona1 coprec1p1tat1on stud1es of some 1nterferr1nq jons with
ana]ytica11y 1mportant metal che]ates are undoubtediy required.. ‘Inter-
ference of certain jons is always an important problem in gravimetric
procedures. Possible contributing factors such as structural prﬁperties.
supersaturation of the system, reaction rate and others in coprecipitation
processes also need to be examined. Systematic studies on coprecipitafion

of cobalt and copper with nickel cycloheptanedionedioximate were thus

initiated.

Iv.C.{1) Coprecipitation of cobalt with nickel cycloheptanedionedioximate

o
As discussed in section IV.B, the interference of cobalt with

the precipitation of nickel cycloheptanedionedioximate from homogenegus
solution was observed when appreciable quantities of cobalt were preseﬁt.
The usual way of e];minating.this interference-addition of excess reagent
to the system - was not very sucéessfu] when large amounts of cobalt were
present in the solution. Therefore, a systematic coprecipitation study
was performed using microgram (Co-60) through milligram amounts of Co{II)

with milligram amounts of Ni{II) carrier. The experimental procedures

reported in section 11.C. (1) were used.

e



One of the character1st1cs of PFHS is the poss1bi]1ty of control
L of‘the rate of reaction Thus. the method 1s well suited for coprec1p1tation
L stud1es The PFHS procedure w1th the exper1menta1 cond1t1ons se]ected

for a s]ow react1on (sect1on 11.¢.{1)) offered a useful“techn1que for the

L3

—-\present study

The two c1assica1 11m1t1ng laws were used 1n1t1a11y as qu1de11nes

"~ . for data_ana\ys1s. -D1str1but1on coefficients (D and ) were ca1cu1at d -

according to equations {1.15) and(1.19) of section 1.B.(2). Observed

derived data are recorded in Appendix (II) dFor each trace leve ; the
distribution coeff1C1ents were found to be a funct1on of percentage of
carrier precipitated. The nature of the dependence is shown 1n Figure (13)
(23°C) and Figures -{14), (15), (16), (17) and (18) (15°C).
_egy-ﬂiguré/(;d) represents the data from a preliminary experiment at
23°C. 5.0 mg of nickel were precipitated in the presence of 1.0 mg of
cobalt with reagent excess ratios of CHDO/Ni (2) and HX/CHDO (2). A
very fast decrease of and D with the extent of carrier'precipitated
can be noted. As well, a rapid approach to constant-low numerical D and X
values near 100% precipitation was observed. This trial experiment suggested
that future experiments should be pexfgrmed with a slower rate of precipitation
sorthat a reasonably large number of precdse values of the distribution
coefficients during the precipjitation could be obtained.

Decreasing the reaétidn'temperature to 15°C and using less initial
concentrations of reagents {CHDO/Ni = 1.5 and HX/CHDO = 2 for 3.0 mg of

nickel) resulted in a lower rate of precipitation (see section IV.B.).

Figures (]4), (15), (16}, (17) and (]8)‘represent the data resulting from
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Figure{ 13 ).

Distribution diagram of the coprecipitation of cobalt with

nickel cyc]oheptanedionedibxjmate.*'

(1.0 mg of cobalt and 5.0 mg of nickel )

*Data from run no. 1.
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Figure { 14 ). Distribution diagram of the cobrecipitat1on of cobalt with
nickel cycloheptanedionedioximate.”
(.0.5 ug of cobalt and 3.0 mg of nickel )

*
Data from run no. 1.
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Figure { 15 ). Distribution diagram of the coprecipitation of cobalt with

nickel cycloheptaned1oned1oximatef

( 1.0 ug of cobalt and 3.0 mg of nickel )

*Data from run no. 3.
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Fignre ( 16 ). Distribution diagram of the coprecipitation of cobalt with
nickel cyq]oheptanedionediox‘lmate.*
( 5.0 ug of cobalt and 3.0 mg of nickel )

*Data from run no. 1. .
‘.
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Figure ( 17 ). Distribution diagram of the coprec1pftat10n of cobalt with
nickel cyclcheptanedionedioximate.”
( 10.0 pg of cobalt and 3.0 mg of nickel )

*Data from run no. 3.
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Figure (18). Averaged logarithmic distribution coefficients vs %

precipitation of nickel.
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cOprecipitation.experiments carried out under. such reaction conditions ‘and

;'Jn the presence of d1fferent quant1t1es of\coba1t The distrioutiohz
'd1agrams show character1st1cs 51m11ar to those observed dur1ng the
pre11m1nary exper1ment The dwstr1but1on coeff1c1ents decrease more
slowly w1th ‘the . extent of carr1er prec1p1tat1on at the lower rate of
reactlon and a reasonable quant1ty of data points were, observed before -
the numerical va]ues of D and A approached a o1n1mum

| At both temperatures, ca1cu1ated values of 0 and A were less than
unity indicating that the precipitate is deriched in tracer, iLe. a

derichment system. The oistribotion coefficients show significant

variation with the fraction of carrier precipitatédd as noted from the -

FEI LI

diagrams. - Coprecipitation was high at the beginning of the precipitation

reaction (1 = 0.35, D = 0.33) and decreased toward the end of it. Numerical

values at the end were very small (» and D = 0.03) and approximately con--

stant.  Values of D were slightly lower than those of x at each point L

during the precipitation reaction.

The high initial coprecipitation of tracer observed in the present
system parallels the reported observation of Schweitzer and McDowell on
the cobalt-nickel dimethylglyoximate system. Similar observations were
.a1s50 reported by Block et al. (118) in the coprecipitation of scandium
with uranium oxalate. The latter authors explained that a high initial
coprecipitation level was'éue to the high supersaturation of carrier at
the beginning of the reaction.

Figures (14), (]5), (16) and (17) respectively represent the data

from single  runs where 0.5 ug, 1.0 ug, 5.0 ug and 10.0 ug of cobalt

o~
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‘were”ueed-aa traeef In f1gure (18), averaged d1str1but10n curves resultlng
from a]] exper1menta1 runs with 0.5 ug through 100 ug of trace 1eve1s are
-recorded A]] of them show the same trend in var1at1on of A w1th the extent
of carrier prec1p1tat1on 1ndependent of 1n1t1a1 amount of tracer present
Similar- curves were obtained when D va]ues were used. At one p01nt of
percentage prec1p1tat10n no s1gn1f1cant trend in the numer1ca1 values of
Dor A w1th changes in the initial amount of tracer present was observed.

The. fract1ona] amounts of tracer prec1p1tated were also calculated
and are summar1zed in Table (15). The data 1nd1cate no significant dﬁfference'

) between‘fractional precipitation for 1.0 ug, 5.0 ug and 10.0 ug of cobalt.
There seems to be a trend, however, toward h1gher fractional 1nc0rporat1on
as the initial amount of tracer increases to 100.0 ug. -This may be explained
by an adsorption process where jons from systems of large tracer content
have higher in probability to get adsorbed on the carrier precipitate.
Signmificant variation may be observed only between systems &f considerable
difference in tracer content.- The data obtained in the 0.5 ug study seem
to preseat an anomaly.

The high initial amounts of incorporation of tracer resulting in
large numerical va]ues of D and A and the subsequent decrease within each
run, however, could not be interpreted in terms of an adsorption process.

A kinetic explanation for this observed Variation in the calculated
values of the-distribution coefficients during any one precipitation exper-
iment was then considered.

Predictions made in previous studies reqarding the relation of

« the rate of precipitation reaction and the logarithmic distribution coefficient
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Table (15)

*Coprecipitétion of cobalt with nickel cyc]oheptqnedionedioximéte*'

oo - . - T4
% Ni % Co ' - ENT % Co. : % Ni % Co
precipitated precipitated precipitated precipitated precipitated precipitated -

(0.5 ug Co) |
27.5 12.3 25,87 7.17 47.9 6.21
29.3 9.03 27.5 '6.80 - 50.3 5.87 -
40.2 8.62 37.3 - 4.85 52.4 5.39

. 54.3 12.1 . 48.0 - 6.60 62.9 6.53 -

59.8 15.9 13.0 4.89 24.8 8.79
72.4 16.2 29.7 - 3.27 29.6 8.41
16.6 5.70 46.9 4.68 40.1 6.08
34.2 8.38, 71.1 7.64 36.8 7.63
45.6 9.50 60.6 7.70 46.9 5.15
46.3 8.30 15.5 6.17
4.2 10,9 26.5 5.32 {100 vg Co)
32.0 8.44 32.0 4.36 12.5 4.87
40.2 8.29 35.4 1.37 15.2 4.89
47 .6 . 10.0 . 21.5 5.04
55.3 10.2 (5.0 ug Co) 22.7 4.07
65.1 10.5 21.3 4.32 23.3 3.43
74.4 13.3 32.2 — 4.76 24.9 3.68
22.3 8.35 . 44 .5 7.23 8:01 2.30
23.3 8.91 58.5 7.21 9.83 2.70
28.2 7.73 76.7 8.1 13.5 7.49
29.2 8.50 T8 777 79y 19.5 8.30
37.3 __ _8.18 29.4 6.64 22.2 - - 8.90
22.7 8.15 32.9 4.94 23.7 9.60
29.4 9.50 37.6 . 4.76 26.4 13.2
32.6 8.59 183 5.62 27 .1 10,

: 27.3 5.41 - 29.1 f

(1.0 ug Co) 35.6 5.21 29.6 _
33.3 4.80 47.2 6.20
33.7 5.12 (10 ug Co) -
47.8 6.51 25.8 7.09
16.1 5.92 53.9 6.99
16.3 11.0 64.7 8.33
29.1 5.26 75.1 _ 9.48
29.2 3.36 28.2 5.46

*Percentage values are arranged in order of the increasing reaction time
within each run.

s
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“jnclude (106) 1' I

(a) Y 15 constant when the rate of prec1p1tat1on 15 constant

{b) If the rate is not constant A increases 11near1y w1th an
1ncnease in rate of prec1p1tat1on in der1chment systems.

. (c) If the rate is not constant A increases with a decrease in .

.the rate" of prec1p1tat1on in enr1chment systems

| The above statements 1nd1cate the qua11tat1ve re]at1onsh1p between
reaction rate and observed logarithmic distribution coefficients. ‘Hermann

-rEported.such,an observatibn in the.coprecipitation'study of americium'
with lathanum oxa1ate5- an enrichment system. From figure (19) the
decrease of 1 values with an increase of fractional rate of precipitation
of carrier can be noted. And i approaches a maximum limiting value at
zero rate of precipitation.

SimiTa: plots were prepared using data available from our coprecipit-
ation study on the-cobalt-nickel cycloheptanedionedioximate system. Data
collected in the kinetic study of the n1cke1 heptox1mate precipitation
reaction’ (sect1on IV.B) provided the rate of the prec1p1tat1on reaction
as a function of reaction time or percentage of carrier precipitated.

Jtlgure (20) is a plot resulting from k1net1c studies of nickel heptoximate
prec1p1tat1on reaction in the presence of cobalt tracer at 15°C. Average
values of rate constant (E') and integration constant -(c') reported in
Table (1]) were utilised in preparation of this plot.

Figures (21) through (28) represent the data resulting from
coprecipjtation experiments in which 0.5, 1.0, 5.0 and 10.0 ug of cobalt

respectively were used as tracer. The diagrams show the dependence of .

B L | T .. "‘.1'22_
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Figure.{ 19 }. 1\ vs rate of precipitation of Lanthanum oxalate.
( Reproduced from the thesis (106), permission re-
quested from the University Microfiims,Ann Arbor,

Michigan.)
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Figure ( 20 ) Rate of prec1p1tat1on of nickel cyc1oheptaned1one-'

dioximate as a funct1on of percentage n1cke1 pre-

cipitated.
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Figure.(21).  vs rate of precipitation of nickel cycloheptanedione-

dioximate.

( 0.5 ug cobalt present, averaged from all runs)

\,.
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Figure. (22). X vs rate of precipitation of nickel cycloheptanedione- -
dioximate. |

( 1.0 ng cobalt present, averaged frog all runs)
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Figure.(23).

\ vs rate of precipitation of nickel ¢ycloheptanedionedi-
oximate.

( 5.0 ug cobalt present, averaged from all runs)
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Figure. (24). » vs rate
" oximate.

(10.0 ug

~
of precipitation of nickel cycloheptanedionedi-

cobalt présent . averaged from all runs)
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Figure.{25). D vs rate of precipitation of nickel cycloheptanedionedi-

oximate .

( 0.5 ug cobalt present, averaged from all runs)
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Figure.(26). D vs rate of precipitation of nickel cyclohéptanedionedi-'
oximate. '

{ 1.0 ug cobalt present , averaged from all runs)
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Figure.(27). D vs rate of precjpitatidn nf nickel cyc10hepténedignedj-

£

oximate.

( 5.0 ug cobalt present. averaged from all runs)
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Figure. (28). D vs rate of precipitation of nickel cycloheptanedionedi-
oximate. '

( 10.0 ug cobalt present, averaged from all runs)
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;distribution coefficients on the reaction rate As expected for a
;fderichment svstem. va]ues of D and RS decnease with a decrease of reaction
rate within anv one experimental run A linear mode] ‘was searched for 7
‘the extrano]ation of the curve to the zero rate of prec1p1tat1on An ln A-;'_
vs. rate was found to viegd a- st\@ight 11ne p1ot The solid and the dotted"‘ .
1ines of ‘the - fiqures werd drawn to the point ca1cu1ated from the 1ntercept
of the linear model | » |
; | In addition, an exp]anation of the shane of the d1str1but10n diaqrams
reported in which obseryed;distribution‘coefficients decrease with the
extent of'earn{er precinitat1en_(Fieures 13 - 18} can now be found. High
initial values OflA and D are due to the high rate of reaction at the -
beqainning of the precipitation and Tow values of x and D are observed at the
final stages‘of nrecipitat1on where the reaction rate is relatively low.
Dependence.ef distribution coefficients on the rate of reaction is
therefore siqn1f1cant as predicted by kinetic models (see section 1.B.(4)).
The kinetic model of Gordbnland-group (115) could not be applied to
the present system since the obserheq logarithmic distribution coefficients
are-not constant with the extent of carrier precipitation. Klein's model,
however, provides such a relationship between the rate of precipitation per
particle and the distribution coefficient {x) so that it can be applied J
to systems where distribution coefficlents are not constant with the extent of
carrier precipitation. The mathematical expression proposed by Klein (1.24)
was used as a quideline tor data analysis. The assumption was made that the
number of active sites (M) is proportional to the total number of crystals (N)
in the precipitation of nickel hentoximate.
The number of particles formed during the precipitatfun of nighel
heptoximate was determined by.using a Coulter counter, The experimental

procedures reported in section I1.E. were followed. The number of particles
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:forﬁed.at'differedt reaetion fimee were recorded. Figure'(ég) is a represent- ‘

ative plot using data col]ected from a part1cle count1ng exper1ment with
: 1n1t1a1 cond1t10ns ment1oned in sect1on II.E. (1). " This pr0v1des the total ..
| 'number of part1c1es formed at any t1me dur1ng the prec1p1tat10n
~ The calculated rate" of the prec1p1tat10n reactton, the number of
, crysta]s formed and the observed d1str1but1on coefficient va]ues were related
us1ag Klein's model - shown as equation (1.24),

| Obser&ed'and calculated data from coprecipitation expeaiments per-
formed with different -trace Tevels of cobalt were used in data processing
and plots of %{A-Ii against A were prepared. Figures (30), (31), (32)
and (33) are such plots resulting from coprecipitation systems containing
initial amounts of 0.5, 1.0, 5.0 and 10.0 mierograms of tracer cobalt,
respectively. :Each plot gives a straight line with a s]ope.of k2 and an
intercept whose numerical value is equal to k].

. [ ]
k] and k2 are the apoarent rate constants for the reaction

k9

+ N1(CqHy 10N, ) ’ES Ni(II)

Co(11) Mt

+Co{C,H

solution soln 7 1102N2)2

s0l
ko .

The rate constant ratio, E%o’ is equal to the ratio of the solubility

products of carrier and tracer prec1p1tates - From a thermodynam1c point of

“view, 2—315 equal to the distr1bution coeff1c1ent Op. at zero rate of

prgc1p1tat1on. If the model 1s valid for the present System, the value of

k%bW1]] be equal to'the homogeneous distribution coefficient (D) at zero

rate of precipitation as well as the ratio of solubility products of carrier

and tracer'precibitates respectively.

id



Figure.{29). Number of particles observed during the precipi‘tatmn of
nickel cyc]ohepta__ﬁgdionedioximate VS reaction. time. .
.(cobalt tracer pr;asent) __,-w
o
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Figure.(30). Variation of A with rate of precipitation I and number of
crystals N .

" { 0.5 ﬁg cobalt present )
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Figure.(31}. Variation of A with raterof pfecipitation I and number of

crystals N.

( 1.0 ug cobalt presént ).
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_.Figure.(32); Variation qf,xlwith rate of precipitation I and number of

- .crystals N.

{ 5.0 ug cobalt present )
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Figure.(33). Variation of X with rate of precfpitatibn I and number
of crystals N.

( 10.0 ug cobalt present )
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The solubility product value for. coba]t cyc]oheptanedionedioximate.

" is not ‘available 1n the 1iterature. The so]ub111ty product ratio could '
‘not be used for mode] testing Values of*distribut1on coefficients, D,
'however were recorded previously as a function of the’ rate of precipitation
‘Values at .zero rate of precipitation were thus evaluated quantitative]y
in.the fol]owing way. In preliminary data processing, 1t was discovered
‘that d1$tr1but10o'coeff1c1en£s dre re]ated,to the rate of reactfon fn the
form of equation

bx

y = ae

-y

where y = observed distribution coefficient

n

x = the rate of precipitation reaction
and a and b are some arbitrary constants.

A plot of In D against rate of reaction gave a straight 1ine with
a slope of {b) and an intercept of bld-a). A test procedure, using data

collected from an experiment where 0.5 ug of tracer coba]t was used, gave

the plot shown in Figure (34). The model thus rationalises the observed data

and the value of intercept provides the numerical value of D at zero rate
of prec1pitat1on

51m11ar plots were prepared for al] systems containing different
trace levels and corresponding values of D at zero rate of precipitation.
These ya1ues of D were compared wjth the corresponding values of E%.
The data are reported in Tab]e (16). Data from Table,(16) indicate that
values of D and ky/k are not.in good agreement. Such deviation could

arise from various factors. A major source of error is the determination

VIR

S Y i



Figure (34). 1n D vs rate of precipitation of nickel cycloheptane-

u

dionedioximate.
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. Table 116)

Observed values-of rate constant rat1o and D

' coprec1p1tat1on of cobalt with nickel cyclo- ..

heptaned1oned1ox1mate

Cobalt preseht ' "D " at zero rate of

(ug) . precipitat1on
0.5 - 5.015.
1.0 © 0.010
5.0 . 0.010

\\' 10.0 | 0.0044

—_—

| k;/k, (obsérved) |

Average 0.010 + 0.007

<
-
[84]
ir

0.01
1

 0.048 + 0.01

+

0.10 : 0.04

-

0.075 + 0.01

-

Average 0.093:0.02

(T, LT
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‘of tﬁeﬂébﬁal‘AUmbérlof.Crysta1s; At'fhe'beginnfnﬁ of:thé;feaction, the' B

' number of‘particles‘fofmed-ﬁs:relatfvely small and the counting errors
aré.fairiy Tdrgéﬁ: Ré]htivéiérrors for each count atgdiffereht:react§6h  Af- :

' ti@ES'are'i]]dsfrafed“fanigure'(29)lﬁ These data pointé.correspond to |
the quge § va]ues observed at the beg?nnfpg of the reagtion-and cause a
1§rge‘ﬁnﬁerfainty‘1n_the.straiqht Tine plots. “ | |

[

IV.C.(2) Coprecipitation of copper with nickel cycloheptanedionedioximate

-As stated earlier; the interference of copper with thé precipitation
of nickei cycloheptanedigfedioximate was observed in both precipitétioh
proces;es, PFHS and codventional, when appreciable quantities of copper
" were present in solution. Results from classigal studies have 1edlworkers
‘to predict that coppér interferes with the preﬁip%tétion of nickel diﬁefhy]—
'g1y0x1ma£e by partially retarding the predT?E}ation and by digéct contamination
of the precipitate (83,129). During the kinetic studies, a slight reduction
in the rate of nickel heptoximate precipitatjon was observed in the presence
of copper {see section IV.B.(2)). In preliminary studies the high apparent
weight of nickel observed in the precipitation of nickel heptoximate in the ‘
presence of copper was also reported (see Tab1e.7(a)). The extent of
contamination as well as the nature of coprecipitation of copper with nickel
dioximate crystals are important since contamination of copper is often obsefved

in  the gravimetric determination of nickel. A copraciﬁ{tatioﬁ s tudy-
on copper-nicke) cyc1oheptaned1oned1031matersystem was therefore 1n1t1afed.
The experimental procedures reported in section II.D.(2) were applied.

The PFHS procedure with the experimental conditions selected for a slow

precipitation raaction (section I1.C.{1)}) provided a useful technique for
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Vo
the present coprecipitation 5tudy.

-

~ Microgram amount® of Copper were used with milligram/amounts of

‘nickel as carrier-in,thé precipitation reaction. 'Analysis'of copper 1in

fhe-presence of nféke] by atqhicaabsofpgion teqhnique'bfovided satisfactory
results when.coppe; levé1s used were 25 ﬁg or‘}ﬁfﬁer. Fdrlthe_fo ug trace
Tevel, thé precipitate-saﬁp]es éontained’very small amounts of Fracer
and the analysis of copper by atomic absorption method could not-be. )
performed. Only the filtrate samples were analysed for the tracer content.
Concen}ration of samples containing a small amount of copper by a chelation- .
extraction method using APDC/MIBK (Ammonium pyrrolidine dithiocarbamate and
methyl isobutyl ketone) and some other §¥§tems did not improve the sensitivity’
since both copper and nickel react with these che]atiﬁg agents., A double
extraction-spectrophotometric procedure for the determination of microgram
levels of copper in dyes and rubber chemicals was adapted for the analysis

of samples when the tracer level used was 5 ug or smaller (141). The

experimental procedure, as detailed in section 11.D.(2), was followed.

" The method included the extraction of both nickel and copper as their

dibenzyldithiocarbamate complexes. Destruction of coloured complexes
with potassium permanganate and re-extraction removed most of the Hicke].
The proposed procedure, when applied in the present study, gave results
with satisfactory precision provided the experimental conditions were care-
fully contrclled. The intensity of the colour deve]opéd depends both on
the extraction time and the length of standing time before measurement.

The observed-data were proces§ed using the two classical 1imiting

laws initially as guidelines. Distribution coefficients, D and 1, were

@ .
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calcuTated“aocordihg‘to equations (1.15) and (1 19) reported in. sect1on
[.B.(2). Observed and der1ved data coliected are recorded in Append1x (II)

A pre11m1nary exper1ment performed at 15°C resulted in d1str1but1on

,coeff1c1ent values which are approxlmate]y unity The poor se]ect1v1ty
. thus observed could be due to the re]ative]y fast rate of react1on f0r'

'that system.  Precipitation at 5°C provwded a slower rate‘of react1on.

Figures (35) through (37) represent the distribution diagrams .resulting
from coprecipitation experiments carried out'under experimental conditions

reported (section I1.D.(2)) and in the presence of 2.5. 5.6. 10.0, 25.0

“and 50.0 ug of copper respect%ve]y.

At all trace levels studied, calculated valuee of the distribution
coefficients, D and A, were ]araer than unity. This indicated that the
precipitate was enriched in tracer, i.e. an enrichment system. The
distribution coefficients were reIative]y‘constant with the extentaof
carrier precipitated. Besides, values of D and X were similar although
D values were s1ightly higher than those of \ at each point during the
precipitation reaction. Numerical values of both D and A lie between
approximately 1.0 and 2.5. This observation parallels the data from the
zinc-aluminium 8-hydroxyquinolate coprecipitation system reported by
Ly]ejet al. (t31). The authors suggested that the observation could be

the result of a difference in chemical composition (structure) between the

‘.

two metal chelates.

145

Figures (35 through 39) also indicate the independence of distribution

coefficients from the initial amounts of tracer present in solution, i.e.
approximate?>\eaﬁit\and constant values of D and » are notedq. Average values
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Figure {35). Distribution diagram of the coprecipitation of chper

with niciﬁ4agyc1oheptanedionedioximate;
(2.5 ug copper and 3.0 mg nickel, all runs)
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Figure {36). Distribution diagram of the coprecipitation of copper

with nickelcycloheptanedionedioximate.

(5.0 ug copper and 3.0 mg nickel, aTi runs)
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Figure (37). Distribution diagram of the coprecipitation of dopper .
with ni:‘ck_el cycloheptanedionedioximate.
(10.0 ug copper and 3.0 mg nickel, all runs)
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'é Figure {38). Distribution diagram of the coprecipitation of copper
‘ »  with nickel cycloheptanedionedioximate.
‘ (25.0 ug copper and 3.0 mg nickel, all runs) -
) .
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Figure (39).

"

Distribution diagram of the coprecipitation of copper
. with nickel cycloheptanedionedioximate.

(50.0. ug copper and 3.0 mg nickel, all runs)
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of D and . for al] ‘the’ trace 1eve15 are gathered and reported in Tab]e (17)
The data observed are very much dwfferent from those observed when

studying the coprec1p1tation of: cobdlt with n1cke1 cyc]oheptaned1one- .

a
v . M w

dioximate. _
Fract1ona1 amounts of tracer 1ncorporated were also ca]cu]ated for
all trace 1eve15 and compared. No significant effect of the amount of
tracer present on the fractional entraanment of tracer Was observed The
fract1ona] amounts.of tracer incorporated are slgn1f1caqgjy.h1gher than
those of cobalt nickel heptoximate system (derichment oystem).See Table (18)-
An additional experiment was carried out for longer reaction time ;
so that experimental data oou1d'be collected at higher percentages of
carrier precipitated. Approx1hate1y 55% of carrier prec1p1tat1on was
obtained within a 7 1/2 hour reaction time. Observed data showed that
the fractional trater entiainment decreased with an increase in the
fractiona1 amounts of carrier precipitated (see Figure,  {40)). The entrain-
ment of tracer was greatly reduced at h1gher percentaqe of carrier
precipitation or on longer d)gest1on time. And the reduct1on was s1qn1f1cant
Observed numerical valuee of D and » (originally an gnrichment system)
were also reduced to less than dnity (derichment;system).= The data gathered

are reported in Appenddx (11). A similar observation was reported by Lyle

et al. in the coprecipitation of palladium with nickel dimethylglyoximate

from homogeneous solution.

The coprecipitation of copper with nickel heptoximate can be

rationalised in the following way. Copper may be entrained in the nickel

o

[
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Table {17)

Observed d1str1but1on coeff1c1ent values in coprec1p1tat10n of
' copper with nickel cyc1dheptaned10ned1ox1mate

Copper present Observed 1 Observed D

; (ug) _ (average) " {average)
: 2.5 1.8410.14 1.96 +0.16
5.0 7 1.9620.08 2.14 :0.07
10.0 1.96+0.09 2.17 +0.08
25.0 : 2.00:0.15 © 217 :0.13
' 50.0 1.97:0.08 2.10 +0.08
Average 1.95:0.10 2.11 +0.10

)
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Tab]e (18)

Coprec1p1tat1on of copper w1th n1cke1 cycloheptaned1oned1ox1mate :

T NT 9 Cu %NS  gcu L NT % Cu

* prec1p1tated preC1p1tated prec1p1tated precipitated prec1p1tated preC1p1tated
(2.5 yg Cu) (10.0 ug Cu) - (100.0 ug Cu)
7.72° 12.3 - 13.9 14.3 5.99 11.6
9.89 16.7 13.4 20.5 6.91 - - 13.2
13.7 ©29.5 19.8 38.4. 10.4 13.6
14.0 29.0 18.5 33.0 11.5 20.2
23.1 27.6 25.9 _.31.0 13.1 24.8
23.2 37.4 11.6 19.2 14.5 25.5
. 7.42 16.3 13.7 18.7 4.8 \ 11.1
8.30 12.7 ©13.3 23.0 7.42 17.5
©10.9 17.2 14.2 36.3 9.4} \ 13.3
10.4 16.1 18.0 33.5 11.0 21.6
11.2 16.8 . 26.7 44 4 10.4 22.8
15.1 27.9 3.2 . . __ 26,0 13,2 - 35.3

9.55 25.7 6.8 15.1
(5.0 ug Cu) 12.1 18.4 8.2 14.6
g.28 20.4 16.3 34.0 9.6 14.6
13.2 21.1 19.2 42.5 10.1 26.0
12.4 20,4 12.3 23.7
12.6 21.9 (25.0 ug Cu) 20.6 27.2
16.0 22.2 9.81 . 23.1
23.7 321 11.8 23.1
6.86 18.2 13.9 31.9
9.10 19.2 14.7 24.0
10.2 28.7 15.5 28.2
13.5 14.5 7.70 12.5%
17.2 30.4° 10.9 14.3
21.9 40.1 11.8 .23.9
2.79 20.0 13.5 25.9
11.7 21.2
10.8 21.9
18.9 27.4
18.1 40.0

*Percentage values are arranged in order of the increasing reaction time
for each run. )

¥



Figure {40),

Coprecipitation of copper with nickel cycloheptanedione-
AY .

¢ dioximate.
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heptox1mate crysta] by an adsorpt1on process and poss1b1y by a co- depos1tlon
process as well. As discussed ear11er copper exh1b1ts the character1st1cs
of an enr1chment system and the. fract1ona1 amount oF tracer coprec1p1tat1on
is 1ndependent of 1n1t1a1 concentratwon of tracer S1nce copper. forms

an 1nso1ub1e complex with heptox1me copper heptox1mate crysta]s may co— .
depos1t on the carr1er precipitate during the initial staqes of the pre-
c1p1tat1on process On 10nger digestion the carr1er prec1p1tate releases

the entrained tracer probably through an Ostwa1d ripening process. Con-

s model was similarly tested in the coprecipitation of copper
with nickel cyc]oheptanedionedioximate The number of particles formed

during the nickel heptoximate format1on reaction at 5°C is recorded as a

~ function of react1on time in Figure (41). Figure (42) shows the rate of

precipitation I in the presence of copper at different stages of precipitation
reaction. The variation of A with rate of precipitation I and number of
crystals N was ca]cuTated according to Klein's expression (equation 1.24)

and-data are recorded in Figure (43).through (48). Trace levels used in

those experiments were 2.5, 5.0, 10,0, 25.0 and 50.0 nq respectively.

k .
Rate constant ratios (F%J were similariy calculated from these plots.

The distributjon coefficient value (Do) at zero rate of precipitation
in this experiment is simply the average value of observed D's. Since
observed values of D are relatively constant with the decrease in rate

'
of reaction, Dy is the same as the average value of all p's.

k
A comparison of values of Do anH\E%-is reported in Table (19).
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‘Qbseryed.Valﬁes of.D6 as‘ﬁélj.és ;l;ére ﬁrécisé'and'jﬁdepehdént‘of ékacerl

presént; 'Agfégment beﬁyeen Do and E%—;'howeyer; is relative]y_pﬁor; isﬁﬁf&és ;

" of errox for 'thé‘ ‘qbseryed_devjation May‘arige from the céysés’previou&]y C

discussed in the'copreciﬁitatidn study Qf'edbalt with nickel heptoximate.ﬂ: -
St Klein's mbde1, Howeve;. rat{ona]i§95'the data from coprecipitation

of copper with nickel heptoximate better than those from cobalt-nickel

héptoximate system.
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Figure (41).  Number of particles formed during the precipitation of

nickelcycloheptanedionedioximate vs reaction time,
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(copper tracer pr'es'ent)
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Figure (42)7 Rate of precipitation of nickel heptoximate(in the presence

of copper)vs percentage precipitation.of nickel.
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Figure (43). Variation of x with rate of precipitation [ and number
] of crystals N. (2.5 ug copper present)
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Figure (44).

.

Variation of X with rate of precipitation I and number

of crystals N. (5.0 ug copper present)
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Figure {45}

Variation of X with rate of precipitation 1 and number

of crystals N. (10.0 ug copper present)
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Figure {46). Vvariation of A with rate of precipitation I and number

of crystals N. (25.0 ug copper present)
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Figure (47).

Variation of » with rate of precipitation T and number

of crystals N. (50.0 ug copper present}
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coTea

Tab]e(lg)

Observed va]ues of rate constant ratio and D0 in coprec1p1tat1on
of copper with .nickel cyc]oheptaned1oned1ox1mate '

'Cppper present Average D

= Dy k1/ky (observed)
(ng) . - SR : >
2.5 1.96 2016 140 £0.6 4
5.0 ' 2.14 0_67 . 1.30 0f2'
10.0 217 £ .08 1.37 + 0.2
$25.0 2.7 £ 013 1.46 = 0.)
50.0 - 2.10 + 0.08 . 1.21 :0.2

Average 2.08:0.2 Average 1.35 +0.3




© Y. SUMMARY AND'CONCLUSIONS

During the course of th15 work, a new PFHS grav1metr1c techn1que |

- for the determ1nat1on of n1cke1 was deve1oped Cyc1oheptaned1oned1ox1me

" was synthe51sed, in s1tu from cyc1oheptaned1one and hydroxylam1ne in

the presence of n1cke1 jons. The proposed procedure prov1des a useful

techn1que for the determination of nickel and 1t exh1b1ts some advantages

3

over the use of d1methy1g1yox1mei One 11m1t1ng factor is that the
preparafion of cycloheptanedione is fedibus and often results in an iﬁphre'
product. Use 6f the impure compound~in the precipitation procedure
leads to high final weights of the nickel heptoximate erysta1s. A revised
procedure, however, for the synthesis of cycloheptanedione was prqposed
and the resulting compound-was partiall} characterised.

The effects of some common ions on the precipitation of nickel
heptoximate were also studied and modified procedures for application
of the method in their presence were proeesed. The procedure, when

aﬁziied to the analysis of a steel sample gave quantitetive results in

!

‘ the determination of nickel.

Previous reports regarding the dependence of distribution coefficients:
on the precipitation rate in some coprecipitation studies have led to

the kinetic studies on the precipitation reaction. The observations

from the kinetic experiments were interpreted in terms of Jenck's model .
Assuming'that the rate limiting step in the formation of cycloheptane-

dionedioxime involves the dehydration of the first addition product, a

165
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react1on sequence was proposed wh1ch is f1rst order in both cyc]oheptane—

ldione and hydroxylam1ne hydroch]or1de 0bservat1ons from k1net1c

measurements 1nd1cated that the proposed mode]: rat1ona11sed the data.
The energy of act1vat1on for the-formatuon of cycloheptaned1ox1me-wes,
found to be 11.92 kcals mo]e '

VaIues of rate constant and the 1ntegrat1on constant were a]so

~calculated for the nickel heptox1mate reaction in the presence of small -

amounts of cobait‘and copper. Observed data suggested that the presence

of cobalt slightly enhanced the rate of the nickel heptoximace formation
reaction. ~ In the presence of copper pertia1 retardation of the reaction
rate was observed.

The developed PFHS method provided a slow and controllable rate
of precipitation. Adpantage was taken of this in coprecipitation studies
with nickel heptoximate: Cobalt and copper, common interferring ions
with nickel preci%tates were chosen as tracers in the coprecipitation
studies. Observed data were initially processed using the two 1imiting
laws as guide]ines. For both systems studied, neither of these laws was
successful in interpretation of the data. In the cobalt-nickel cyclo-
heptanedionedioximate system, the observed distribution coefficients, A
and .D, varied considerably with the fractional precipitation of carrier.
High values of D and A observed at the beginning of the reaction and each

progressively decreased toward the end of the reaction. The copper-nickel

cycloheptanedionedioximate system,-however, showed- approximately.equal
and constant values of D and A with the extent of percentage of carrier

precipitated at the initial stages of precipitation and then a gradual



o 5_7‘_“ ,

-

'decrease to sma]]er va]ues near “the end -of the react1on Cbba}t trécEr‘

- exh1b1ted the character1st1cs of a derlchment system (va1ues of A and

D less than unity) in the coprec1p1tat1on with- n1cke1 heptox1mate
'lD1str1but1on coeff1c1ents observed from coprec1p1tat1on of copper

with nickel hept0x1mate showed va]ues both 1arger and sma]ler.than

unity. The above observations are paralTeT to those of some coprec1p1t-
ation studies with metal chelates reported in the literature. i contrast
‘with the “purely 1norgan1;“ systems they cannot be rat1ona11sed using

the c]ass1ca1 laws. |

. The rate of carrier precipitation reaction, investigated during
kinetic studies, was found to have significant effect on the distribution
coefficients. In-ihe cobalt-nickel heptoximate system D and A decreased
with a decrease of reaction rate within a precipitation reaction. The
rate of reaction at the early stages of the precipitation was high and
“thus was responsible for the initially high values of D and X observed.
Similarly, low B,and x» values were observed near the end of the reaction
as a consequence of a very low reaction rate.

e
For the copper-nickel heptoximate system, the change of reaction

rate with the.extent of fractional precipitation of carrier was small .
during the precipitation performed under the conditions selected. This
provides an‘exp1anation for the nearly constant values of D and A observed

during the initial stages of precipitation reaction. Significant reduction

of .D.and_x near the end of the reaction. however, may be explained by

+ - 'y * * 1] . I3 m
an Ostwald ripening process. Resolution and recrystallization of precipitates

release the tracer on long digestion periods.



K1ein's mbde] wh1ch expreg;ggfthe d1str1but1on coeff1c1ents

- as a funct1on of the rate of preC1p1tat10n per part1c]e was utilised

to_brnng the rate of prec1p1tat1on Tnto the model used to-rat1ona11;e

the'date -~ The mode] was useful only to a certain extent Large

. exper1menta1 errors assoc1ated w1th the observat1ons in the present systems -
made the interpretation diffxcqlt. The model agreed better with the -

data from the coprecipifation'of copper with nickel cye]oheptanedinne—

‘dioximate.
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" APPENDIX I
Characteriz,ing _spectra of ],2—cyé1oheptah;'e”c'i:i:.q;i'l'e"_’. S
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Figure.(A1).

Mass spectrum of 1,2-cycloheptanedione.
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Figure.(A2). N.M.R. spectrum of 1,2-cycloheptanedione
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Figure.(A3). Infra red spectrum of 1,2-cyc10hept§ned1‘_one-.
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 APPENDIX II -

Tables of data for the kinetic studies
Tables of.data for the coprecipitation of cobalt with nickel

cycloheptanedionedioximate

. Tables of data for thé‘coprecipitation-of copper with'nickqi

cycloheptanedipnedioximate

Tables of data for the particle counting experimentsi
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‘= QObserved nickel recoveries during the precipitations
of, nickel cyc]oheptanedionedioximate at varijous pH values

pH

2.%5
2.37
2.67
3.41
3.42
4.15
5.30
5.74
5.97
6.02
7.05
7.12
7.17
7.21
7.63
9.05
10.1

Initial

Initial
CHDO/NJ
HX/CHDO

* Table { Al )

Ni found

4.099
4.974
5.944
7.555
8.438
9.689
9.832
9.837
9.856
9.842
9.822
9.817
9.826
9.812
9.508
9.508
9.543

conditions

nickel = 9.831 mg
2%
10X

Digestion time at 80-90°C = 2.5 hours

amg

73
.86
.89
.28
.39

.00
.3
.03
.0
.01
.01
.01
.01
.32
.32
.29

s



e

Reaction
~time.
‘(hour)
10.25
0.50 -
0.75
1.00
1.50
2.00
2.50
3.00

3.50

s

o
Ry

'Tab1e7( AZ ) o S L \\~;§.t”
Effect of temperature on the n1cke1 heptoxxmate ' |
prec1p1tat1on react10n o

Percentage nickel-recovered

75°C

93.8
88.9

98.0

94.9

97.9

97.4

97.8

98.2

Initial conditions

Nickel = 5.045 mg
CHDO/Ni = 2X
HX/CHDO

23°C - 15°C
66.6 8.8 .
'17.8 ]
87.4 S 2740
| 39.0
93.6 52.8 .
61.9
94.2 | 69.3
4



‘Studfes.of Feagénts excess ratios for the nickel

Reaction

.25
.50

o o O

.75

2.00
3.00
4.00

" heptoximate reaction

CHDO

HX
pH
Temp.(°C)

22X
10X

6.25
- 23

2.83

4.81

4.91
4.66
4.92
4.9
4.93

Initial nickel =-5.018 mg

_' fTab1e (A3)

2X
- 2X
6.75.

23

3.36

4.72
4.75

4.54

“

S 2x

2X
7.25
23

0.524

' 1.30

2.80

4.95
4,93

4.96

2X

2%
- 7.25
15 -

0.318
0.771 -
1.32

2.42
3.55
3.97



_ 'System
‘and temperature

Nickel alone
15°C7

Nickel + cobalt
15°C

Nickel + copper
5°C

*Theoretieal c{=

Initial conditions
[Ni] = 2.03 x 10°
[Cu] = 1.65 x 107
[Co] = 6.93 x 107

. Table (A 4)

Date f0F kinetic plots

]n[{-HX °.4Ni ppt) 7]. Reaction
{LCHDOJ°-2Ni ppt} time k'

c'*
(hour)
1.81 0.58 0.207 1.69+0.04
1.823 0.66 ~  +0.04 g
1.847 0.75 |
1.877 0.83
1.892 1.0
1.925 11 |
' 1.819 0.58 0.0486  1.684
1.835 0.67 +0.008  $0.002
- 1.840 0.75 '
1.867 0.83
1.873 0.92
1,921 1.0
1.762 1.6, 0.169  1.720
1.766 1.3 +0.03 +0.003
1,777 1.8 |
1,78 2.0
1,790 2.2 .
1.804 2.4
1.728
3 mple 17! ~ [CHDOI® = 6.13 X 1073 mote 17!
5 mote 17 [HX]® = 3.45 x 107% mole 1
7

mole 171 pH = 7.25
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oo Tab1§ (A5)

- Rate of nickel heptoximateupretipitation‘as'a,function df’pércentagéT |

of carrier brecipifafed -

1 . . . o ) o Y
System.and - . % precipitation. - -~Rate x 10
temperature . = - of nickel - (mo]e;]f]hr_])
Ni + Cu 0.484 o 2.7
5°C 1.37 - - 2.15.
2.24 o 2.14
3.12 ' 2.12
4.82 : 2.09
6.51 . 2.05
8.17 - 2.02
9.7¢ 1.99
11.4 - 1.96
13.0 1.93
14.6 1.90
16.1 1.87
17.6 1.84
191 1.82
20.6 1.79
22.0 1.76
26.3 _1.69
30.3 1.62
» 37.9 1.48
Ni + Co 2.34 17.1
° 6.79 10.7
15°¢ 1] - 10.3
15.2 9.85
19.1 9.1
22.9 9.1
26.5 8.77
30.0 8.45
33.4 8.14
39.8 7.57
45.8 7.04
51.3 6.57
59.0 5.94
65.9 5.38
74.1 4.74
81.4 4.20
87.9 3.73
96.2 3.15
.9 2.90



Tabie (B1)

Coprec1p1tat10n of cobalt w;th nlcPel cycloheptanedlone—-A_ -
‘ ~ dioximate at 23°C A _ e
Run No. S Percentage. =~ - X ‘ D
precipitation  of ' * '
nickel’
1 T 309 ' 0.22 - 0.19
‘49.9 ‘ Qfl4 .10
69.1 . 0.083 0.046 .
. 89.8 0.032 - 0.078
91.7 0.024 0.053
94.0 0.031 0.058
2 45.4 0.23 0.18
’ 54.4 0.14 0.087
62.7 0.088 0.079
70.4 0.077 "0.054
88.1 0.046 0.014
3 95.8 0.028 0.041
98.6 ’ 0.022 0.014
98.5 0.017 g.012
99.2 0.020 0.0010
99.4. 0.016  0.00049
99.6 ' 0.019 0.00057
'Initial.conditions:
[Ni] = 2.40x107> mole 27t [CHDOT/[Ni] = 2."‘
[Col = 6.79x107> mole & % [hxl/(cHoo] = 1.5

pH = 7.25

‘Jigf_;?



- ~+ Tabla (B2 )
A T
Primary observables in coprecipitation of cobalt with nicke]

- - cycloheptanedionedioximate. . . R
- ( 0.5 ug tracer present ) I o
Run No. Reaction [Ni] in  [Co] in - [Co] in
‘ ' time - solution solution_ - precipit?te‘
(hour) (mole 1-1) (mola 1-1) (mole 1-1)
! x103 . x107 x108 \
1. 0.667 - 1,48 . 2.98 4.17
0.833 i.44 3.09 3.07
1.00 1.22 3.0 2.93
1:33 0.933 . 2.98 4.1
1.50 0.820 2.99 - 4,08
- 2.00 0.563 2.85 5.49
2 0.667 1.70 3.20 1.94
1.00 1.34 3.11 . 2.85
1.17 1.1 3.07 3.23
1.33 1.10 3.11 2.85
1.50 1.04 3.02 3.70
3 0.833 1.39 KPR 2.87
1.00 1.22 3.11 2.82
1.17 1.07 2.95 4.43
1.33 0.913 3.05 3.46
1.50 0.713 3.04 3.57
4 2.00 0.523 2.95 4.50
0.667 1.59 3.1 2.84
0.750 1.57 3.09 3.03
0.833 1.47 3.13 2.63
0.916 1.45 3.10 2.89
1.08 1.28 3.12 2.78
5 0.667 1.58 3.12 2.77
0.750 1.44 3.07 3.23
0.866 1.38 3.10 2.92



L4

e

Tab]e { B3

)

e

Copkecip1tat1on of cobalt w1th nickel cyc]oheptaned1oned1ox1mate

~Run

No.

Reaction time .

{hour)

.667
.00

1.33
1.50
0.833
1.00
1.17
1.33
1.50
2.00
0.667
0.750
0.833
0.916
1.08
0.667
0.750
0.866

Initial conditions

[Ni]
[Co]

[HX]

= 3.08 x 107°
= 3.40x 107
[CHDO] =

6.13 x 10

- 3.45 x 1072

-3

mole 1

-1

mole 1']

mole 1

-1

(0.5 ug tracer present)

27
28

54
59
72
16

45

22

mole 1']

5 .
3
40.
3
8
4
6
34.2
6
46.
49.
32.
40.
47.
55.
65.
74.
22.
23.
28.
29.
37.
7
29.
32.

4

3
2
0
2
6
3
1
4
3
3
2
2
3

4
b

-'%-Prgéipitation
~ of Nickel

o 00 o0 o0 o0 0 0.9 @

0.
0.
0.

0
0
0
0
0
0.
0
0
0
0
0
0

[NHAAC] =
pH = 7.25

Temperature = 15°C

X

1700

168+0

35140

.243 40,
.25740.
L1830,
.33040.
.280+0.
.228+0

2.4 x 10

.407+0.04
.274+0.03
.174+0.04
.165+0.
-1403+0.006
.1368+0.003
.32210.
.209:0.
:164+0.02
L1410,

01

07
03

02

.02
22840,
.02
.216+0.
1.13340.
.1056 +0.008
.1030+0.007
.344:30.
.06
QS

03

01
0l

06

05
03
07
05

.04

-2

OOOOOO‘O'O

D

.369:0.04
.240+0.03
.139+0.03
.11640.01
.09160.005
.0734+0,003
.302+0.06
.176+0.02
0.
0.
0.
0.194:0.02
0.13420.01
0.1650.01
0.092+0.01
0.06340.07
0.05180.004
0.
0
0
0
0
0
0

125+0.01
106:0.01
126+0.01

3160.02

.32140.02
1213:0.02
.22510.01
.15040.01
.30240.03
.252+0.01
0.

194:0.01

‘mole 17

et — —tm————— .

[P
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Table  (B4)

182

Primary quervab]és in copredibitatibn_:df cqbélt with#hickéi |

" cycloheptanedionedioximate,

Run No. ‘Reaction
: time

{hour)

1 0.833
.00
7

— DO O
|
wn
o

—_—00D
~Jd
wun
L ]

P ——— O
™~
o

_— e — ()
Q
(e}

(- T;Ovﬁg tracer ﬁresen; ) -

[Ni] in
* solution
{mole 1-1)

x103

OO = =t = —_— ot —d — O = —d —

.36
.27
.07

1
.57
.45
.833

.52
.48
.28
.06

.78
.44
.09
.578
.804

.73
.50
.39
.32

[Co] in
solution
(mole 1-1)

x107

o

o G h o D

hahh Dh

fo Yo e o)

.46
.44
.34

.38
.04
.43
.65

.30
.32
.45
.33

.39
.54
.46
.30
.25

.36
.42
.49
.68

~

v

[Co] in
precipitate
(mole 1-1)

x108

.26
.48
42

N W~ L W
o
wn

oW oW Bl B
w [a]

OB
w0
o



‘Tab1e.i§5)

Cdpreéipitation of;cobalt with nickel cyc]oheptanedionédioximate

Run

{1 ug cdba]t'present)

Reabtion time % Precipitation
No. {hour) of Nickel A
1 0.833 33.3 0.12240.03
' 1.00 37.7 ©0.111:0.03

1.17 47.8 0.103:0.02

2 0.667 16.1 0.348:0.07
0.750 16.3 0.343:0.07
0.833 29.1 0.157+0.03
1.17 59.2 0.038+0.0]

3 0.667 25.8 0.249+0.07
0.750 27.5 0.219:0.06
1.00 37.3 0.106+0.04
1.17 48.0 0.104:0.03

g 0.450 13.0 0.43+0.1
1.00 29.7 0.103+0.02
1.25 46.9 0.0766:0.007
1.50 71.1 0.0206+0.002
2.50 60.6 0.0849+0.007

5 0.667 15.5 0.378:0.07
1.00 26.5 0.177+0.01
1.17 32.0 0.116+0.02
1.33 35.4 0.0323+0.003

Ihitia] conditions

[Ni] = 2.04 x 1072 mole 17 [NHGAC] = 2.4 x 107°

[Co] = 6.79 x 1077 mole 1’1 pH = 7.25

[CHDOT = 6.13 x 1073 mole 17 Temperature = 15°C

[HX] = 345 x 1072 mole 17

0 o0 O 0 0 0000000000000 QOo

.1012:0.008
.0889:0.007
.0759:0.004
.330+0.03
.330:0.03
.135:0.01
.0239:0.001
.222:0.03
.193:0.02
£085:0.01
.0765+0.004
.345+0.07
.080+0.01 ...
.0560+0.003
.0024+0.001
.0543+0.003
.35840.07
.097:0.04
.186+0.02
.0258+0.002

mole 1"1

183



184

- [

Table (B6) - -

Primary observables in;coprecipitation 0f toba1f'with'nicke].

cyt]oheptanedionedio%imaté:

{ 5.0 ug tracér present )‘- .i | _1
Run No.  Reaction ~  [Ni] in [Co] in  [Col in
: ' time (solutio?) %olution]) . ?recipit?ge
: mole 1- mole 1~ moie 1~
(hour) x103 x106 Sl
1 0:667 1.61 7 3.2 1.47
0.833 0 1.39 3.23 1.62
1.7 1.13 3.15 2.46
1.50 0.847 3.14 © o 2.45
2.00 0.475 3.12 2.76
2 0.583 1.81 3.27 1.0
1..00 1.44 3.17 12.26
1.17 1.37 3.22 1.68
1.50 1.27 3.23 1.62
3 0.583 1.67 3.20 1.91
0.750 1.49 3.21 1.84
1.00 1.31 3.22 1.77
1.17 1.08 3.18 2.1
—~—d

P rL.‘-



" ‘Reaction time

: 7551e'(37)' o

(5 13 tracer present)

[NHjAc) = 2.4 x 1072

oooooooooo‘ooo

A

[188:0.03
.127+0.02
.128:0.01
.0853+0.008
.0582+0.001
.313:0.02
.135:0.02
1274+0.009
.1038+0.005
,286+0.05
.17520.02
L122:0.01
.1003+0.005

pH = 7.25

Temperature = 15°C

Run recipitation
No. (hour) of Nickel -
0.667 21.3
0.833 32.2
1 1.17 .5
1.50 58.5
2.00 76.7
2 0.583 1.5
1.00 29 .4
V.17 32.9
1.50 37.6
0.583 183
3 0.750 27.3
1.00 35.6
1.17 47.2
Initial conditions
[Ni] = 2.04 x 107 mole 17!
fCo] = 3.40x 1078 mote 17!
[CHDO] = 6.13 x 1073 mole 17
[HX] = 3.45 x 1072 mole 17

Coprec1p1tat1on of cobaJt with. n1cke1 cyc]oheptaned1oned1ox1mate

0.170+0.01
0.106+0.02 .
0.096+0.01"

0.055:0.01 -
0.0269+0.001
0.284:0.03
N ‘

0
0
0
0
0

111:0.04

.106+0.04
.0832+0.007
.265:0.04
.153+0.03
.10+0.02

0.

074:0.01

mole 1'1

s i
MIRTPTY |



Table (B8)

Primary observables in copretipitatiou'of cobalt with nickel

.‘cyc1oheptanedionedibximate.

Run No.

o { 10.0-ugrtracer_pre§ent f

Reaction
time

(hour):

.667
.33
.90
.00

N - - O

.833
.910
217
.33
.50

JEE R s Y o T o |

J
it b G

0.667
0.750
0.833
1.00
1.17

v

[Ni] in
solution
(mole 5'1)
x10

52

.941
720
509

o o —~

47
06
02
972
758

54
44
22
29
08

[Co] in
solution
{mole.1-1)
- x106 .

A h O O o v O h

h v v O Oh

31
.31

.22
.14

.41
.37
.39
.42
.34

.18
.22
.37
.27
.44

[Co] in

precipit
(mole 1~
x107%-

4

.82

4.75
5.66

h

S W W B W

W o BN

.44

A
.21
.99
.66
.44

.97
wa
.13
.18
.50

86



Table ( BS )

187 S

'CoprecipﬁfatiOn of cobalt with nickel cyc]ohéptanediqnedioximaté .
' - (10 wg tracer present}.

| Reaction time
. (hour)

Run _

No.

' 0:667
1.33
1.50
2.00
0.833
0.91 .
1.17
1.33
1.50
0.667
0.750
0.833
1.00
1

A7

Initial conditions

% Precipitation
of nickel
25.
53.
4.
75.
28.
47.
50.
52.
62.
24.
29.
40.
36.
46,

[Ni] = 2.04 x 15° mole 17
[Col = 6.79 x 1075 mote 17
[cHpo] = 6.134 1073 mole

[HX] = 3.45 x 107° mole 1~

3

]-1
1

oo

W M O — OO W P W W = W

CJOOC)DOC)OOOOC)DCD

X

.246+0.01
.0935+0.003
.083420.003
.0717+0.002
.170:0.02
.0982+0.004
.0865x0,007
.0747+0.006
.0682:0.005
.326+0.01
.25:0.1
.122+0.01
.173£0.03
.0834+0.005

[NH4Ac] = 2.4 x 107
pH = 7.25
Temperature = 15°C

D

.219:0.02
.064+0.01
.0495+0.004
.0347:0.003
.148:0.01
.072:0.01
.062:0.01
.0518:0.004
.0411:0.003 .
.295:0.08
.23630.02
.097+0.01
.142+0.02
.0614+0.004

mole 1‘]



1)Pﬁimary observabies -in coprécipitation of coba]f_with'nﬁckei..' . |

o Table(B10 )

~cycloheptanedionedioximate .

" Run No. -

- Reaction . [Ni] in .

( 100.0 g tracer'breséﬁt_)

(%]
o

— OO0 DOoOoOOoOQ — 00000
[=,]
—d

Initial conditions

[Ni]
[Co]
[CHDO]

[HX] =

1.78
1.73

f
ot —— e e ol et e i
n
(Vs

2.06 x 1073 mole ¢!

6

79 x 1070

6.13 x 1073

45 x 1072

mole 1'1

mole ¢~

mele R']

1

time (hr) - solution x 10°
(mote 271)

[Co] in -
5

sb]dtion x 10
(mole 271)

.46
.47
.44
.51
.34
.54

OO AN OO S Oy,
(2]
o

.

. —

2.4 x 10

[NHQAC]

Temperture = 15° ¢

[Co] ihi_'

precipitate x10
(mole 2”1y -

NEOON RN — PR L LW W
(]
O

_Zmole‘ﬂ']

6

&




. Taple(Bil)

Coprecipitation of éqbalt with‘nickel,cyélbheptanedione-
LT - . dioximate S S

' \\- (100 ug traéér_present)'

Run No. ﬁeactiénf % Pfé¢ipifati6h R S D
time . - of nickel . ‘ '
{hour) - . ‘ o
1 0.s8 ' 12.5  0.373 0.008 ' 0.35920.07
| 0.67 5.2 . ,0;23010.07 0.284£0.08
0.75 1 21.7 . 0.21;:0:1 0.192:0.1
0.83 22.7 0.15920.05  0.143:0.04
0.91 : 23.3 . 0,258:0:1 0.227:0.1
1.00 34.9 : 0.087:0l04 '0.65;:0.05
2 0.58 8.01 © 0.29640.07  ©6.287:0.06
0.67 9.83 o.zg 10.1' 0.269:0.08
0.71 13.5 0.22 0.1 0.21 0.1
0.78 19.5 0.352$0.008 0.329%0.07
0.95 22,2 " 0.372:£0.009 .0.345£0.08
3 0.67 23.7 0.374:0.005 0.344:0.004
0.75 26.4 0.46 *0.1 0.43 0.1
0.83 27.1 0.34 0.1 0.31 £0.1.
0.91 29.1 0.21 £0.1 0.188%0.09

1.00 29.6 0.312z0.2 0.27 0.1
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© Table (B 12)

Var1ation of homogeneous d1str1but1on coeff1c1ent D w1th

CobaTt

'05ug

_—

1.0 (FLY]

rate of n1cke1 heptox1mate prec1p1tat1on :

Rate x 104

(mole ]

7

CDODCOLO\JCOCOKD\O-P-WO‘\O\\JODCDO\U\
R .
o

mt.o-t:-mc'\f-dm_-‘
o
e

A~ 00O OWOoh 00
o
™o

-T)

OOOOOOODOOOOOOOOOOOOOOOOO

COoO0OoOOCOOoOOOoOOOOOO0O

.2403
11391
1160
.09162
.07338
.3021
1755
1253
.1063
1257
1953
1343
1650
.09162
.06303
.05180
.3162
.3208
.2129
2249
.1500
.3022
2521
.2388
1942

L1012
.08890
.07590
.07670
.3304
.1347
.02390
.2215
L1926 .
.08549
.07647
. 3451
.05600
.03240

-1.

-1

-2.
-2.

-2
-1
-1

-2.
-2.
-2.

-1

- -2

-1
-2
-2
-2

-1
-1
-1
-1
-1
A
-1
-1

-2.
.420
-2.

-2

-2
-
-2.

-3,

-1.
-1
-2

-2.

-1
-3

;1n D

426

.972
185
390
.612
.197
.740
077

24
074

.633
.007
.802
.390
.764
.960
-1.
137
.547
.492
.897
197
.378
.432
.639

151

291
578

.568
.108

005
734
507

.647
.459

571

.064
-2.

882

442

OO0 00000000000O0

COO0OOOOOOOOOOOOOCOO0OO0O

.2738
1742
.1649
.1403
.1368
.3218
.2087
.1641
L1411
.1698
.2281
.1683
.2162
1334
. 1056
.1030
.3444
. 3506
.2425
.2570
.1831
.3302
.2802
.2067
2276

.1218
.1109
.1034
.1330
. 3483
L1566
.03810
. 2487
.2192
L1063
.1043
L4257
.07660
.05812
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Cobalt

present

S-.O ug |

10.0 ug

‘Rate x 107

v :'(mole

LMD NOO WO W ODW |
- - - - -» L] [ L[] - * (]

N~~~ OmUN oo Ooh

1

1.

heoly

oocooo .

.3579
.4038
.09660
.1456.
.08240

1701
.1063
L1062 -
.05522
.02686
.2844
A114
.1064
.08317
.2651
L1831
.09990
.07400

.2190
.06417
.04948
.03474
1478
.07185
.06160
.05180
;04112
2952
.2357
.09660
1417
.06135

C-

-1

-

ERTE I

Co-T.
~=0.

-2.
-2

-2
-2

-1.
-2.
-2

-2.

.
-1
-2,

-2

-1
-2
)

-3.

-1
-1

-2.

.927
496

12
242
.243
.896
- -3,

281

.328
.877

.604

519 [
746

3.
. 360
912
633
787
.960

.220
445
.337
.954

028
9068
337

617
257
195

287

304

006

197

791

OO0 0000COOd CO0O00O0OO00OOOD 0O0OOO

3777
.4293 -
.1769
.1155
1132

10,1879
1267
1293 .
.08530
.05820
3129
1345
.1264
.1038 .
.2855
1754
1221
.1003.

. 2460
.09359
.08343
.07368
1703
.09816
.08654
.07471
.06820
.326]1
2498
1223
1728
.08340

o1



. (}.5. ug

o Tab]e ( B13 )-

Var1ation of 109ar1thm1c d15tr1but1on coeff1c1ent A
w1th rate of prec1p1t3t1on 1 and number of crystals N -
a1

Coba1i YT

present A N(A )x 10  k2 x 10 k] x 10

 0.407 . . 16. 6 82.9+4 12.3:0.3
0.322 21.2 .
0.351 18.1
0.280 . . 14.9-

S 0.334  © 19.4
0.331 14.4
0,274 4,40
0.174 1.67

.0.189 0.926
0.165 10.664
0.140 0.513
0.137 0.290
0.209 1.73
0.164 1.02
0.141 0.770
0.170 "0.587
0.228 4.53
0.168 1.68
0.216 0.926
0.133 0.678
0.106 0.485
0.103 0.289 i
0.242 4.64
0.257 2.93
0.183 1.55
0.228 3.46

1.0 ug 0.348 20.5 56.643 2.75+0.04

0.343 15.6 -
0.249 1.4
0.426 14.1
0.378 19.7
0.219 16.5
0.122 5.07
0.111 1.86
0.103 1.06
0.157 5.1
0.038) 0.947
0.106 1.88
0.104 1.06

nnnnn



P e e e e

Cobalt

~ present

5.0 ug

10.0 ug

p - %{A-1) xlOrI
00,103 2.06
- 0.0766 1.04
0.0206 -~ 0.266
;<'040849 - . 0.237
- 0177 - 1.96
0.116 1.28
0.0323 11.00
0.313 70.6
0.127. 1.25
0.104 0.740
0.286 - 68.7
0.175% 17.5
0.122 1.88
“0.100 1.07
0.188 24.2
0.135 - 2.00
0.128 1.08
0.0853 0.558
(.0582 0.287
0.246 21.4
0.0935 0.725
0.0834 0.500
0.0717 0.294
0.170 5,02 ‘
0.0982 1.0
0.0865 ° 1.04
0.0747 0.758
0.0682 0.527
0.326 156.4
0.250 15.5
0.122 4,66
0.117 1.87
(.0864 1.09

32.6:17 -

88.3+5

"_ k

.‘,i
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Table (5314'1;

. Values of.rate'df'nicke] heptoximate pfecipitation

and-correspohdipg values of natural Togarithm of

‘observed homogeneous distribution cbeffipients

Rate x 'IO4 (moles ]%tre'1 houf'])

cpc:mmummmmhmmmwmmmmmohmmwm

.51

Initial conditions

[Ni] = 2.03 x 10°
[Co] =
Temp. = 15°C

pH = 7.25

3

mole 1~

3.46 x 107 mole 1

1
1

194
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Table (Cl)

Primary observables in coprecipitatlon of copper- with nickel
cycloheptanedionedioximate
(2.5 ug tracer present)

Run No. : -Raaction . l-‘[Nij in [Cﬁl in fCu]:in
. time : prec1p1tate Solution preC1p1tatE'

(hour{ ' mole 2~1 mole 2-1 molg 21

; %10 x106 x10

1 1.33 .58 1.31 0.334

1.50 2.02 126 0.262

1.67 | 2779 1.14 10.463

1.87 2.85 1.28 0436

2.17 : 4,72 1.15 0.433

3.0 , 4.73 0.967 0.587

2 . 1.33 1.52 1.34 0.256

1.50 1.70 1.38 0.199

1.67 2,24 1.23 0.270

1.83 2.14 1.29 0.253

2.00 2.31 1.31 0.263

2.83 . 3.07 1.08 0.438

Initial Conditions:

Total [Ni] = 2.04><10"3 mole R_l (relative value)
Totalh[Cu] = l.57><10_6 mole 2—1 {relative value)
[CHDO] = 6.13x107° mole g+ PH = 7.25

(Hx]) = 3.45-,10<2 mole 27t Eﬁmperature = >°C

[NH AC] = 2.4x10"2 mole £ %



e

Tame(cz) | IR

Coprec1p1tat1on of copper w1th n1cke] cyc]oheptaned1oned1ox1mate

(2 5 ug. tracer present)

Run React10n % Precipitafion-

No. time -of nickel A‘ D
1.33 7.42 ©2.07:0.9 2.4+1
1.50 8.30 1.45+0.4 1.59+0.9
1.67 10.9 2.080.4 " 1.8:]
L 1.83 004 ., 1.7920.5 1.680.7
2.00 1.2 1.5210.4 1.5810.6
2.83 15.1 2.3+1, 2.311
N 1.33 7.72 2.2510.7 3.05+0.6
1.50 9.87 2.1240.5. 1.90+0.8
] 1.67 13.7 2.1 2.6+1
1.87 14.0 1.3640.7 1.35+0.9
2.17 : 23.1 1.21:0.3% 1.28:0.2
3.0 23.2 1.85+0.3 2.0340.3
[nitial conditions ' .
(Ni] ™= 2.04 x 1073 mote 17 [NHghc] = 2.4 x 1072 mole 37!
y [cu] = 1.57 x 107% mote 17! oH = 7.25 |
[CHDO] = 6.13 x 1073 mole 7] Temperature = 15°C
[HX] = 3.45 x 1072 mole 17!
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- Pable {C3)

e Prlmary observables in copre01p1tatlon of cooper Wlth nickel .
: . . - . cycloheptanedlonedlox1mate :
. o T

Hg tracer. present) . ' S -4
S W . . ) . i : .
Run No. Reaction s~ [Ni] in [Cul "in [Cul in. .
time precipitate solution preczp1tate~
{hour) mole £~ mole £~ ‘mole £~% /-
: | x104 x106. x106 /
1 1,50 1.897 2,68 0.644 *
1.67 2.710 . 2.42 0.666
1.83 2.547 2.52 0.642
2.00 2.587 2241 0.690
£2.17. 3.27¢ 2.26 0.700
3.50 4.856 2.09 1.01
2 1.37 1.401 2.78 0D.574
1.50 1.-852 2.62 0.606
1.67 2.098 2.21 0.904
2.00 2.763 2.53 0.457
2.17 3.516 2.57 0.958
2.75 4.489 1.75 1.263
.. : R -3
' 3 1.50 1.798 2.50 0.630
£ - . .
. 1.67 2.409 2.39 0.667
i.92 2.218 2.47 0.691
2.33 3.877 2.10 0.863
2.67 * 3.708 2.07 1.26
Total [Ni] = 2.04)(10—3 mole'ﬂ,_l‘ (relative wvalue)
Total [Cu] = 3.15x10" % mole 2"1 (relative value)
. % o i -
([CHDO[ = 6.13x107> mole & pH = 7.25
[Hx] = 3.45x10_2 mole 2-1 temperature
[NH AC[ = 2.4x10"2 mole 7%



Table ( Cﬁ )

Coprecipitation of copper with nickel cycloheptanedionedioximate:

{ 5.0 ng tracer pfesént )

Run No.  Reaction % Precipitation x-
time(hr.} of nickel

1 1.50 . 9.28 - ' 1.63 #
1.67 13.2 ' 1.84 :
1.83 C12.4 1.66 ¢
2.00 2.6 . 1.97 »
2.17 16.0 1.90 :
3.50 23.7 1.52 +0.

3 1.50 8.79 2.49 »
1.67 1.7 2.19 ¢
1.92 10.8 2.11 ¢
2.33 18.9 1.93 +

" 2.67 18.1 2.10 ¢

2 ¢ 1.37 - 6.85 1.8 -
1.50 9.10 1.9 ¢
1.67 10.2 3.28 &
2.00 13.5 1.51 ¢
2.17 17.2 1.08 :
2.75 21.9 2.37, ¢+

‘ |
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pdbugiegih e
MWW W

co—~00
o ~d

oo 0O — -
N - h

[F5 e <]

P — MR R
et

N == NN
T

— ot — it [\)
- L - LTI .

T P T N T

0DO—~00 0OoOOOOC

b 1+ H I+

+ o1+ I I+ 1+ 14
[on W an 3w I o I o J 0
[FERNPUNS , N g ]

.
P~ N~ 2O .
.

£

108



>;:‘ /iffff:f'f. ; | '{' -‘.[=_ o  '__.‘_'i }_" 199

- L f_ Table (c5 )
: Pr1mary observables in coprec1p1tat10n of copper w1th L

' n1cke1 cytToheptaned1oned10x1mate
(10 pg tracer present)

Run ~  Reaction . [Ni]in~ [Cu] in - [Cu] in

No.. . time precipitate “'solution precipitate
“({hour) - mole 1-1 mole 1-1 . mole 1-1
;. x 104 -~ ox 106 x 106
e _ o g
1.67 2.85 5.39° 0.900
. 1.92 2.75 5.01 1.29 '
1 2.00 4,06 3.87 ©2.42
. 217 3.78 4.21 2.08
2.33 5.31 4.34 1.95
1.50 2.38 5.08 1.21
1.67 2.82 5.11 - 1.18
2 1.83 2.73 4.14 1.45
2.00 2.9 4.01 < 2.29
2.17 3.69 4.18 2.1
3.25 5.46 3.50 2.80
1.50 2.70 4.66 1.64
3 1.67 1.95 4.68 1.62
1.83 2.49 5.13 1.16
2.00 3.32 4.16 2.14
2.33 3.92 3.62 2.68

Initial co ions

Total [Ni] = 2.04 x 1073 mole 17! (relative value)

Total [Cu] = 6.30 x 10'6 mole ]'] (relative value)
3 -1

[CHDO] = 6.13 x 107" mole 1
[HX] = 3.45 x 1072 mole 17!
[NHsACT = 2.4 x 1072 mote”!
pH = 7.25

Temperature

5°C



' Table (cs)

200 -

Coprecxpltatlon of ‘copper Wlth nlckel cycloheptanedlonedloXLmate

Run'

_  number

Reaction

‘time

1.67

1.92

2.00
2.17

3.25

1.50
1.67

1.83

(10 ug tracer present)

Percentage
precmpltatlon of
~ nickel

'13.9
13.4
19.8
18.5

25.9

11.6
13.7
13.3
14.2
18.0

26.7

13.2

12,1
16.3
19.2

1.03
1.61

2.19

1.99

1.19

1.74

1.40

2.94

1.03
1.66
2.53
2.18

1.28

~1.80

1.44

2.29

2.18

1.64



"

 Primary observables in ¢oprecibitation'of copper with

Run Reaction

[Ni] in (Cu] in
No. " time precipitate  solutio
(hour} mole |- mole 1~
x 10 x 106
1.66 2.01 11.8
1.83 2.42 12.2
! 2.00 2.82 10.3
2.17 3.01 11.9
2.33 3.17 11.3
£
1.58 1.57 13.8
5 1.83 2.22 13.5
2.00 2.40 12.2
2.17 2.75 12.4
Initial conditions
3

Total [Ni] = 2.04 x 10

'nicke]~cycldheptanedionediqiimate
(257ug tracer present).

Total [Cu] = 1.57 x 1072
[CHDOJ = 6.13 x 10™3 mole 1~

[HX] = 3.45 x 10~
[NH4AC] = 2.4 x 107

pH = 7.25
Temperature =

2
2

5°C

mole 1°

. Table (C7)

mole ]_1
mole ]"]

1

mole 1~

1

{relative value)

{relative value)

.'-i:_ zq]’--:'

-~

[Cu] in.

precipita%e
~mole 1-

x 106

.63
.63 -
.00
g7
43

w0 W W
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_ Tab]e ( CB )

Coprec1p1tat1on of copper with n1cke1 cycloheptaned10ned1ox1mate

( 25 ug, tracer present )

Run No. 'Reaction = % Precipitation - A : D

 timé (hrf:‘ of nickel

T 166 9.81 S 277103 2.82:0.5
1.83 .8 | £ 2,03 :0.4 - 2.22 %0.2
2.00 139 r 2.85 ;0.51 © 3,03 20.2
207 ;-wﬁET3“*fél | 174 0.4 1.83 30.3
2.33 155 o 1.97 0.4 2.13 10.3

2 1.58 7.70 - -~ 1.66 0.8 1.70 20.8
1.83 70.9 1.32 :0.6 1.38 20.5
2.00 11.8 2.02 +0.2 2.27 0.1
2.17 13.5 1.63 0.1 + 2.11 +0:06

.
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" Table .(€9)

-

Pr1mary observables

in co

n1ckeT cycloheptaned1oned1ox1mate

(50 ug tracer present)

Initial conditions
-3
-5

Total [Ni]
Total [Cul
[cHDO] =
[HX] = 3.45 x 10
[NHyAC] = 2.4 X 1072
pH = 7.25
Temperature = 15°C

2.04 x 10
3.15 x 10

6.13 x 1073 mole
-2

mole

Run- .. Reaction S [N in
No. - ‘time . precipitate
3 © - (hour) . mole 1-1
x 104
1.50 1.21
1.67 1.4
1 1.83 2.24
2.00 2.35
217 2.67 .
2.33] 2.95
1.50/ 0.983
1.67 1.9
2 1.83 1.92
. 2.90 2.25
2.17 2.12
2.33 2.68
1.50 1.40
1.58 1.67
3 1.75 1.95
1.83 1.97
2.00 2.51
2.16 4.21

mole 1']
mole 1'1

]-1

mole 1"

-

[Cu] in
so]ut10q
mole

x 10

{retative velue)

(relative value)

-~ o
(=)
o
o

-eff'éo3f]‘f.

prec1p1tat1on of copper w1th

(cul in, -~

precipitate
mole 1~
"x 10

G~
[ 7% ]
~]

— e h W
3]
o

- '\"';'—"'t_-:%“ . :q o



- Table (C10)

- Coprecipitation of cppper_with nickel cyc]oheptanédionedidkimate
(50 g tracer present) - '

© Run Reaction = % Precipitation

No.”  ~  time 4 of nickel b o
1.50 5.987 2.24 2.14)
1.67 6.910 . ] 1.88+0.6 2.02+0.5
: 1.83 10.39 1.56:0.3  1.3110.2
2.00. . 11.53 2.1210.3 2.01:0.2
2.12 13.10 1.77:0.2  2.11:0.1
2.33 14.45 1.6440.2 1.951:0.03"
150 4.820 1.99:0.2  2.41+0.)
1.67 ° 7.420 1.5640.1 1.66+0.05
P 1.83 9.413 O 1.73:0) 1.5240.04
2.00 ° 11.01 1.70:0.2 2.12:0.1
2.17 10.40 2.18+0.2 2.50+0.1
2.33 13.17 2.70:0.3 3.44:0.3
1.50 6.827 2.4+ 2.41
1.58. 8.203 1.81:0.9 1.52+0.8
3 1.75 : 9.577 1.63+0.7 1.63+0.6
1.83 0.1 2.91+0.5 3,311
2.00 - 12.30 1.95+0.5 2.18:0.4
2 1.59+0.2 1.51+0.2

.16 20.61 .

4



Table (C]])

Variat1on of 1ogar1thm1c d1str1but1on coefficient 2
w1th rate of prec1p1tat1on 1 ‘and number of - -rysta]s N.

Cobber'

o P 15 . A b
present A .E{A’]) x 1000 kp x 10T kg x 10
2.5 . . 2.07 . 13.4. . .6.83:3 9.59:0.9

| 1.44 - 0.666 ° S
2.08 - ol
.79 - 0.539
1.52° - 0.227

C2.21 0.310
2.25° . 15.7
2.12 1.70
2,10, 1.29
1.37 0.241
1.21 0.0970
1.85 0.219.
5.0 ug 1.63 0.950 1.34:0.02 1.74:0.07

' 1.84 0.962
1.66 0.457
1.97 0.47
1.90 0.401
1.52 0.0834
1.74 1.50
1.91 1.38 .
3.28 2.68
1.89 0.428
1.40 0.178
2.49 2.25
2.19 1.38 -
2.1 0.683
1.93 0.314
2.10 0.339

10.0 ug 1.02 0.0279 1.30+0.1 1.79+0.09

1.61 0.366 »
2.19 0.534
1.99 0.431
1.19 0.0587
1.77 1.13
1.40 0.45
1.84 0.573
2.94 0.925

205 -



' ‘Cdbber
present

25.0 vg

50.0 ug

PR = RO W

— — V) o [\ =t mimd amd t —d [\ et N — — N

COoOOOMWOOoOoO COoOOoOMN—BEOO

COOoO—0OOoO00CCoOOOOoOORO ——~

N(A-]) x 10

.458.

-‘_k2 x 10

1.44:0.02

1.08:0.1

1n

,k] X 10

2.1040.1

AY

1.31£0.05

11

206



Observed fract1onal amounts of- copper 1nc0rporated 1nt0"

Table (512)

nickel cyc1oheptaned1oned1ox1mate

Reaction time

1
1
2
2
2
4
5
6
7.
]
]
2
2
1
1
2
2
2

.33
.50
.00
.25
.58
.00
.50
.50

50

.58
.83
.00
A7
.70
.83
.00
A7
.33 7

Initial conditions

[nicke
[CHDO]
[HX] =

copper

1]

% Ni précipitated

9

12,
15.

20
2]

33.
44 .
45.
53.

7.
10.

11

13.

9
11

13.
14.
15,

= 0.00203 mole 17!

0.00613 mole 1
.0345 mole 1

25.0 u 9

-1

-1

.042
20°
78
.50
.03
74
50
28
98
703
86
75
46
.81
.BS
a0
7
52

% Cu precipitated

pH = 7.25
Temperature

20.
30.
25.
26.
37
28,
40.
46
52.
12
14
22.
21
24
22.
34.
24
28.

5°C

51
13
52
81

.03

22
05

.69

06

.44
.07

29

.46
.85

68
75

A2

27

‘éo7*f



Number of particles observed during thé-precipitétion of nickel
) cyc]oheptanedionedioximate in the presence of trace

Reaction ﬁime
(minutes)
35
a0’

45
50
55
60
65
70
75
B0

85

Initial conditions

[Ni] =

(Co] = 6.93 x 1077
. CHDO/Ni- = 1.5X

HX/CHDO = 2

Temperature = 15°C

pH = 7:25

Table {D1)

" amount of cobalt

No. of particles x 10

(average)

2103 x 1073 mole 17!

mole 1

.10:0.05

.31+0.04

.41+0.09

.4+0.4

.2+0.3

7405

"140.9

1.3

01,4

743.3

01,7

1

ar
LA

7

Relative error
(percentage)

54.

128

20,
26.

‘13.
22.
22.
23.
43.
21.

3

&

. o208
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“Table ( D2 )

fNumber of particles observed during the precipitation of nickel

cycloheptanedionedioximate in.thé presence of trace
amount of copper

ﬁeactibn time No. of pértic]es.x 107 ReT‘ 1;e error
(minutes) (average) {pertentage)
80 0.16 10.06 | 38.3
100 1.710.3 . 17.9
120 4.000.6 14.5
140 5.4+0.,2 3.35
160 6.0 0,006 . 0.940
180 - 7.300.3 _ 0.409

Initial conditions
[Ni]
[Cu]
CHDO/N1

2.03 x 107> mole 17!

1.66 x 1072 mole 17

13

1.5X

[

HX/CHDO = 2X
Temperature = 5°C

pH = 7.2%

S o098

.



APPENDIX 111

A. Tables-forrméss balancés

B. Computer programs
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" Table (Al)

tE

Mass balance of n1cke1 observed in the prec1p1tat1on of n1cke1

Reaction time .

L%

cyc]oheptaned1oned1ox1mate

(a) ‘

Nickel in * Nickel in

" (hour) " filtrate sample precipitate sample
(mg) (mg)
\ 0.67 . .2.65+0.10 0.440+0.024
} 0.83 . T 2.40+0.0M 0.529+0.060
> 1.0 - 2.48°0.054 0.565:0.018
1.2 2.28+0.13 0.783+0.056 -
1.3 2.17:0.13 0.896+0.0052
2.0 ;3741015 1.340+0.042
2.5 1.43+0.08 1.547+0.058
Average
Initial conditions
[Nigkel] = 0.00254 mole 1
CHDO/Ni = 1.5X
HX/CHDO =
. .gH =‘7.25~; .
il t 15YC "
en%h_g ure _ & ) :
, 253

(a)
{(b)

Initial nicke]

. \?%

. &

(b)

Mass balance
(mg).

3.09+0.13
2.93+0.13
3.05+0.072
3.@5»0?#9
3.07+0.14
3.07+0.19
3.00:0.14°

3.04:0.052

2

The analysis of nickel was canried out by atomic absorption method.

R L
"= 3.00 mg (F&e amount)

Ag.a

Cooan

X
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Table (A2 )

Mass baiante‘bf copper observed during the pretipitation with

R nickel cyclbhéptanedionedioximaté(a)
o :

Reaction time Copper in . Copper in Mass balaﬁte(b)
(hour) " filtrate sample precipitate sample '
(ng} v(ug) R {11}

1.5 35.3:0.48 . 4.94:0.33 50.2+0.81

1.7 . 44 .3:0.56 4.53+0.28 . ~ 48.8+0.84
yF;B 42.1:0.42 6.67:0.20 ~ 48.8:0.62
;:0 41.0:0.49 10.8:0.20 51.8:0.69

2.2 139.4:1.3 11.4+0.40 . 50.8:1.7

2.3 34.1:0.81 ‘ 11.7t0.42 ‘ 51.8;1.2

Average 50.4+0.46

Initial conditions N . -

[Ni] = 2.03 x 10_3 mole ]-] ) - o 2
ColCyl = 1.66 x 107> mole 17!
CHEO/Ni = 1.5%
. HX/CHDQ =\2.0X _
pH = 7.25 . . | . )

sJemperature = 5°C
1# .

1

(a)Ana1ysis of copper was carried out by atomic absorption techniquéﬂ
] r
- * . 1
N (b)Inét1§1 copper = 50.0 ug (relative amount)
- s
. . )
! 1 -
% . . AN o
L
[ . .



Table { A3 )

Mass balance of. n1cke1 ‘observed 1n the prec1p1tat1on of nickel"
cyc1oheptanedwoned10x1mate in the presence of coba1t(

Reaction time Nickel in ~Nickel in Mass ba1ance(b)

(hour) ) f11trate sample ~precipitate sampie
‘ (mg) (mg) (mg)

0.83 o 2.53%0.001 0.427:0.012 2.96:0.10

1.0 2.19:0.083 0.661+0.014 2.85:0.097

1.6 . 2.16:0.071 0.84120.020 3.00:0.090

2.0 1.71:0.068 1.30+0.024 3.01+0.092

3.5 £0.951:0.029 2.12+0.035 3.07:0.064
Average 2.98:0.05y

Initial conditions

[Nickel} = 2.54 x 107> mole 17
[Col = 6.93 x 10-7 mole!
CHDO/Ni = 1.5X%

HX/CHDD =

pH = 7.25

Temperature = 15°C

¢

(a)The analysis of nickel was carried out by atomic absorption method

(b)lnitia1 nickel

= 3:00 mg (relative amount)

p
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B Table (A 4 )

ALY

~Mass balance of cobalt observed dur1ng the prec1p1tat1on with n1cke1

j__n.A..A.._x‘, ~——

* Reaction time.

(hour) filtrate sample
(v9)

. 0.67 0.97420.007
0.83 0.923:+0.007
1.0 0.970+0.007
1.2 0.947+0.007
1.3 0.95520.007
2.0 0.908+0.007
3.7 0.832:0.006

Initial conditions

[Nickel] = 0.00254 mole 17
CHDO/Ni = 1.5X%

HX/CHDO =

pH = 7.25

Temperature = 15°C

(a)The analysis of cobalt was carried out by gamma ray counting technique

(b)nitial cobalt =

cyc]oheptaned1oned10x1mate

Cobalt in

(a)

Cobalt in
prec1p1tate sam

(ug)

(.0233+0.001"

0.0212+0.001

0.0315:0.001 -

0.0404:0.001

0.0473+0.001

0.0940+0.002
0.164:0.002

1.00 ug (relative amount)

MaSs balance'"
ple-
(ug)

0.997:0.008
0.944:0.008
1.002+0.008
0.987:0.008
1.002+0.008
1.002 :0.009
0.996+0.008

Average 0.

\‘ .

(b).

§90+0.003
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