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A PAPER CHROMATOGRAPHIC INVESTIGATION OF THE THIOUREA COM- 

PLEXES OF COPPER(I), SILVER(I) AND GOLD(I) 

GIUSEPPE MhRCOTRIGIhNO, GIORGIO PEYRONEL AND RAFFAlZI~l~ BA’.I’TISTU%%I 
Istitztto di Chimica Generalc e Inorganica, Univewity of Mu&ma, 41 zoo AIodcna (Italy) 

(Received Scptcrnbcr ?Sth, 1971) 

Several thiourea complexes of formula MIT-A (MI = Cu( I), Ag(1) and A =ClO,,, 
BF,, CF,COO, CH,COO or HCOO ; or MI = Au(I) and A = ClO,, BF,, CF,CQO, Cl orRr ; 

Tu = thiourea) were prepared ; the maximumTu: M ratio is 3 : I for Cu( I) and Ag( I) and 
2: I for Au(I). The same maximum of 3 : I is observed on high frequency titration of 
the Ag(1) salts with thiourea in methyl cellosolve. Some of these complexes, undecom- 
posed and in compact spots, may be eluted on chromatographic paper with a mixture 
of ketones and an aqueous solution of the corresponding sodium salt, or with a mixture 
of alcohols and an aqueous solution of ‘the corresponding free acid. The Tu : M ratio is 
5: 2 for Cu(1) perchlorate and fluoroborate in ketones, while it is always 2 : I for the 
other complexes of Cu(I), Ag(1) and Au(I), irrespective of the anion, the solvent and 
the amount of aqueous solution in the mixture. The composition of the eluted com- 
plexes was determined by a radiochemical method after exchange with 3YXabelled 
thiourea. The Rp values of the eluted complexes depend on the anion, the solvent and 
the amount of aqueous solutions in the mixture. 

INTJIODUCTION 

It hczs previously been shown by LEDERER l’ 2 that some metal ions can be eluted 
by paper chromatography as thiourea complexes by using a mixture of hydrochloric 
acid and thiourea. 

In a previous work3, we demonstrated that thiourea complexes of zinc(II), 
cadmium(II) and mercury( II) perchlorates, fluoroborates and trifluoroacetates can be 
eluted in compact spots on chromatographic paper by using a mixture of a ketone and 
a 5 M aqueous solution of the sodium salt of the corresponding anion. The number of 
thiourea molecules per metal atom in the migrating complex increases from zinc to 
mercury approximately in accordance with the increase in their affinities for sulphur. 

We have now extended this method to the study of the thiourea complexes of 
copper(I) ; silver(I) and gold(I), in order to compare’ their chromatographic behaviour 
with that of the group IIB metals, with reference to their class B character and their 
coordination ability. 
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EXPERIMENTAL 

Reagents of the best commercial grade were used for the preparation of the 
solid complexes and in till the measurements. 

Preparation of the complexes 

The copper(I) and silver(I) complexes were prepared by dissolving copper(I) 
oxide and silver oxide in a slight excess of a. 4 M aqueous solution of the corresponding 
acid containing thiourea (Tu) in the same stoichiometric ratio as in the solid complex 
to be prepared. The crystalline complex was obtained by concentrating the solution 
under vacuum. The silver acetate complexes were prepared by dissolving silver acetate 
in 50 % acetic acid containing three equivalents of thiourea; large crystals of AgTu, 
(CH,COO) . &H,COOH were obtained by cooling this solution with ice. These crystals, 
when kept for about twelve days under vacuum over potassium hydroxide, lose the 
two Cl&CO’OH molecules and the complex AgTu,(CH,COO) is obtained. 

The bis(thiourea)gold(I) fluoroborate, trifluoroacetate, bromide and iodide com- 
plexes were obtained by dissolving at room temperature I mmole of freshly prepared 
gold(III) hydroxide in, 5 ml of an aqueous solution containing the stoichiometric 
amount of the corresponding acid and 4 mmoles of thiourea. In all cases free sulphur 
was separated as an oxidation product of thiourea by gold( III) which was reduced to 
gold(I). After filtration .of the solid products. and overnight cooling of the solution 
with ice, colourless crystals of the complexes were obtained. 

Bis(thiourea)gold(l) chloride was prepared by addition of 4 mmole of thiourea 
to the aqueous solution of’ I m.mole of HAuCl,*4H,O, Colourless crystals were ob- 
tained by cooling the solution with ice. Bis(thiourea)gold( I) perchlorate was ob- 
tained as colourless needles by cooling with ice a concentrated solution of bis (thio- 
urea)gold(I) chloride ,in a 40 y0 aqueous solution of perchloric acid. 

The complexes were analysed by conventional methods (copper by EDTA; 
silver by Volhard titration; gold gravimetrically as the metal after combustion; 
sulphur as barium sulphate; nitrogen by the Kjeldahl method; water by weight loss 
over phosphorus pentoxide; free acetic acid by weight loss over potassium hydroxide). 
The results are given in Table I. 

High frequency measurements were carried out only on the silver(I) complexes 
which in the solid state show the greatest variety of Tu :Ag ratios. Using a WTW ap- 
paratus (Wissenschaftliche Technische Werkstatten, Weilheim/Obb., G.F.R.) at a 
frequency of So~MHz &I y. and a IO-ml semimicro cell made of titanate ceramics, 
a 2 mM solution #of AgTuA (A=ClO,,BF,&F&OO) in methyl cellosolve was titrated 
with a 80 mM solution of thiourea in the’ same ,solvent by the deflection method. 
The Tu:Ag ratios determined in the solutions by this method are given in Table II. 

Paper chrtimatogvaphy’ with ~%.Q?hiozcrea 
Equal volumes of aqueous ‘solutions of a%labelled thiourea (Tu*) and of the 

complex used, isotonic in the free and complexed thiourea, were mixed. A so ~1 
volume of the resulting solution was dried at room temperature on a Whatman No. I 
paper strip (0.8 x 35 cm) and the spot eluted with single-phase solvent mixtures of a 
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I\N,\LY’~JCh\L DA%A FOR ‘l’I.IB COMPLEX&S 
___~ 
Colnporlnd Fou~nd (%) 

Metal N s 

Calcaclated ( O!) 

Metal N s 

Cu’ru,C10,~ J&oa 
cu,Tu,(c104) z’I-I,Ob 
cu’ru,c1o, 
CuTu,BT;, 9 H,Oc 
CuTu,BP, 
cuTu,c~,&Oo 
CuTu,I-KOO l zIi,O 
CuTi &I-I&00 
h&TUC10, 
A&.h,(C10,,)2 
AgTu,C104 
AgTu BF, 
Ag$‘u,(BY,) 2 
AgTu,BF, 
ArrTuCF,COO 
A;,Tu&F,COO), 
AgTu ,CF,COO 
AgTu,HCOO* zH,O” 
AgTu,CI-&COO 
AgTu,CI-I,COO* 2CH,COOW’ 
AuTu,CIOb*H,O 
AuTu,BPd* I-I20 
AuTu,CP,COO* H,O 
AuTu X1 
AuTu ;Br 
AuTu ,I 

ICJ.10 16.72 
17.68 SQ.29 
IO.04 21.5G 
19.64 17.23 
1650 22.2G 

IS.50 2 I,,03 
17.13 22.53 
18.oG 23.95 
38.12 9.85 
33.48 13.08 

24.46 19135 
39.80’ 10.26 

34.83 13.39 
25.47 19.99 
30.25 9.51 
32.00 12.68 
23.98 18.81 
25.79 20.20 

27.38 21.1G * 
21.03 10.46 
42.02 ,I I.58 

43.29 12.IG 

40.72 11.50 
51.12 14.42 
45.92 x2.96 

41.36 I 1.68 

19.30 
21.58 
24.31 
19.71 

25.37 
23.50 
25.31 
27.31 
IT.12 

x4*67 
21.16 
11.42 
15.28 

22.57 
10.52 
Ih\.IO 
21.24 
22.51 
24.12 
1g.20 
13.62 
13.92 
13.1 I 

rg.oG 16.80 
x7.53 19.32 
16.23 21.4.G 
Ig.8r 17.1G 
1G.78 22.16 
15.69 20.75 
17.03 22.52 
18.iO 23.94 
38.05 9.84 
33.55 13.oG 

24.75 lg.28 
39.83 IO.34 
34*92 13.59 
25.49 zg.SG 
3G. 32 9*43 
32.19 12.53 
24.01 18.70 

25.85 20.13 
27.29 21.25 
20.93 1631 
42.21 12.00 - 

43.38 12.33 
4x.or 11.6G 
51.20 14.55 
45.90 13.05 
41.36 rx.7G 

19.24 
22.0s 

24.57 
20.00 

25.39 
23.75 
25.74 
27.4“ 
II.31 

14.95 
21.08 
11.84 

15.57 
22.78 
IO.79 
X4.35 
21.41 

23.05 
24-33 
18.67 

X3.74 
14.12 

X3*35 

n I-1,0: found 5.23, chxl&xl 5.4oo/o. 
1) I-1,0: found 2.36, calculated 2.48%. 
c E-I,0 : founrl 5.50, calcukhd ~.GI %. 
11 I-J,0 : found 7.2 I, calculntecl 8.61 o/o, 
0 .-\catic acicl: found 22.94, calculated, 23.29%. 

. 
TABLE II 

THIOURBA: MBTAL RATIOS OBSERVED 

Akm 
(A) 

In the solid complexes uy li,F, 

A If+ 
titration 

1 By pnpev chvomatogvapky with 

cu+ Ag+ in methyl Ketones& A lcolrols” Waler~o 
celloso& Czc” Age Ati-‘- Cu+ Ag+ A& 

ClO,- 2;2.5;3 I:Iq5:3 2 (H,O) 1.5;2;3 .2.5 2 2 2 2 
BP,- 2 3 1:x.5:3 2 (I-E&) 1.5;2; 3 2.5 2 2 2 
cP,coo- 

z 

I: I.573 2 (H&X 1.5;,2;3 2 2 2 2 

CH&OO- 2 2 

S-ICOO- 3 : 2 2 
Cl- 2 ” 2 
Br- 2 2 
I- 2 

Coutaining 8 1~ 5 M aqueous solution of NaA (ratios: 95: 5-80: 20). 
b Containing ~1 5 M aqueous solution of HA (rstio : 80: 20). 
c Aqueous solution of sodium 1zRlicle (0.5 olncl I,0 M), 
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ketone and a 5 M aqueous solution of the sodium salt of the anion contained in the 
complex, or mixtures of an alcohol and a 5 M aqueous solution of the corresponding 
acid. For the AuTu& (X=CJ,Bf) complexes, 0.5 and. 1.0 M aqueous solutions of 
sod,ium chloride or bromide were used. For AuTu,Cl, a good chromatographic separa- 
tion of the complex from thiourea can also be obtained with an 80: 20 mixture of 
alcohol and 4 M hydrochloric acid. 

Preliminary experiments showed that in all the solvent mixtures used,, the ex- 
change of complexed and free thiourea is instantaneous and complete, irrespective of 
the anion contained in the mixture. The possibility of the anion having an induc- 
tive effect on the thiourea exchange can therefore be excluded. It has been shown4 
that the ligand exchange between free labelled ethylenediamine and complexed 
ethylenediamine in (Auen#+ in aqueous solution is accelerated by the addition of 
chloride ion but not of perchlorate ion because of the greater coordination effect of 
the former. In the case of gold(I)thiourea complexes, the thiourea exchange is just 
as rapid with low-complexing anions such as ClO,- as it is with high-complexing an- 
ions such as halides. 

Owing to this immediate thiourea exchange, the composition of the stable 
complexes migrating in compact spots on the paper. strip was determined by the 
equation MTu% + xTu* = MTuQ + (2x --y)Tu*. The radioactivities of the migrating 
spots were measured by moving the paper strips, mounted on a sliding base, I cm at a 
time under the end window of a Geiger-Mtiller counter, to which a central rectangular 
slit I cm wide was applied. The results are given in Tables III, IV and V. 

RESULTS AND DISCUSSIOX 

The thioureametal ratios observed for the copper(I) and silver(I) complexes, 
whether in the solids or determined by W.F. titration for silver (I), are more variable 
and reach a greater value(3 : I) than for the gold(I) complexes (2 : r). 

Paper chromatography shows that definite thiourea complexes of the univalent 
ions of the II3 subgroup can migrate in compact spots on the paper strip. The metal: 
thiourea ratio of the migrating complex is always independent of the M :Tu ratio of 
the starting mixture. 

The thioureacomplex. of copper(I) perchlorate and fluoroborate, eluted with mix- 
tures of a ketone and a 5 M aqueous solution of the sodium salt (ratio 80; 20), has a 
thiourea: metal ratio (5: 2) greater than that of the copper(I) trifluoroacetato complex 
(2 : I) eluted with the same single-phase solvent mixtures. This different behaviour may 
be ascribed to the greater complexing action of the trifluoroacetate ion, as has al- 
ready been observed for the corresponding complexes of the III3 subgroup3. 3 

On theother hand, by using a mixture of an alcohol and a 5 M aqueous solution 
of the corresponding acid in the ratio 80 :I20 for the elution of the copper(I) complexes, 
the thiourea: metal ratio is always 2 : I, irrespective of the anion, This shows that. al- 
cohols have a greater competitive action than ketones, This competitive action may 
act in solvating the thiourea molecules rather than in coordinating the metal ion, 

On elution, silver(I) and gold(I) thiourea complexes always give the same 

thiourea:metal ratio (2: I), irrespective of the anion, the solvent (ketone or alcohol), 
the solvent :aqueous solution ratio and the reagent present in aqueous solution (sodium 
salt in the case of ketones and free acid in the case of alcohols). 
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PAPER CHROMATOGRAPRY OF COPPER (I) COMPLESlZS WITH THIOUREA (Tu) ADDED WITH FREE 

3%TRIOUREA (Tu*) IN ACETONE (AC), METHVL ETHYL KETONE (MEIC), METHANOL, ETHANOL, 
ISOPROPANOL, ISOBUTANOL AND ISOAMYL ALCOHOL 

Ketones are mixccl with n 5 M aqueous solution of the sodium salt (ratio 80: 20) ; alcohols with a 
5 M aqueous solution of the acid (ratio 80: 20). 

A nion Sozvent Ehtsd szr.bstancc 

ClO,- 
ClO,- 
ClO,- 
ClO,- 
ClO,- 
ClO,- 
ClO,- 
ClO,- 
ClO,- 
ClO,- 
ClO,- 
ClO,- 
ClO,- 
ClO,- 
ClO,- 
ClO,- 
ClO,- 
ClO,- 
ClO,- 
ClO,- 
ClO,- 

:;:I 

;;:I 

:;:I 

g: 

Cl&OO- 
CF,COO- 
CF,COO- 
c1-I,c00- 
HCOO- . 

AC 
AC 
AC 
MEK 
MEIC 
MEIC 
MCOH 
MCOH 
McOH 
EtOH 
EtOH 
EtOH 
i-PrOH 
i-PrOH 
i-PrOH 
‘i-E3uOH 
&BuOH 
i-BuOH 
i-AmOH 
i-AmOH 
i-AmOl-1 
AC 
AC 
MeOH 
Et.0I-I 
i-PrOH 
i-BuOH 
i-AmOH 
i-AmOH 
AC 
MEIC 
i-AmOH 
i-AmOH 
i-AmOH 

Tu,Cu+ + z-i-u* 
Tu,Cu+ + 3Tl.l’ 
TUB*CU,” 
Tu,Cu’ + 2Tu’ 

‘;i&;; ;f+ 3Tu’ 
* 

T&J+ 2x.l* 
Tu,Cu+ + 3Tu’ 
TuI*Cu2++ 
Tu,cu+ + ~Tu* 
Tu,Cu+ + 3Tu’ 
Tu,‘Cu 2++ 
Tu,Cu+ + 2Tu’ 
Tu,Cu+ + 3Tu’ 
Tu,‘Cu g+ + 
Tu,Cu+ + 2Tu’ 
Tu,Cu+ + 3Tu* 
Tu,*Cu,++ 
Tu,Cu+ + 2Tu* 
;i&& $+ 3Tu* 

T&$+ 2Tu’ 
Tu,Cu+ + 3Tu * 
Tu,Cu’ + 3Tu’ 
Tu,Cu+ + 3Tu* 
Tu,Cu+ + 3Tu’ 
Tu,Cu+ + 3%~~ 
l ru,cu+ + 2Tu’ 
Tu,Cu+ + 3Tu* 
*ru,cu+ + 3Tu* 
Tu,Cu’ + 3Tu* 
Tu,Cu+ + 3Tu* 
Tu,Cu+ + 3Tu* 
Tu,Cu+ -/- 3Tu”’ 

62.7 
41.9 

100.0 
65.2 
41.9 

100.0 
50.4 
33.9 
80.8 
53.1 
35.3 
81.2 
51.1 

34.8 
80.5 
50.2 
34.8 
80.8 
49.6 
32.8 
81.3 
61.3 
40.2 

51.3 48.7 
34.2 65.8 
33.8 66.2 
34.8 65.2 
34.6 65.4 
33.0 , 67.0 
33.9 66.1 

3713 
58.1 

34.8 
58.1 

2::: 
1g,1 

46.9 

6417 
18.8 
48.9 
65.2 
1915 
49.8 
65,2 
19.2 
5014 
67,2 
18.7 
38.8 
59.8 

2:5 
2:5 
a:5 
2:5 
2:5 
2:5 
x:2 
.I:2 
1:2 
1:2 
1:2 
1:2 
1:2 
1:2 
1:2 
1;2 
1:2 
i:2 
1:2 
I :2 
1:2 
2:s 
2:s 
I :2 
1:2 
1:2 
1:2 
I :2 
I :2 
I :2 
I :2 
I :2 
I :2 
I :a 

0.97 
0.97 
o-97 
0.98 
0.98 
0.98 
0.10 
0.10 
0.10 
0,oG 
o.oG 
0.06 
0.06 
0.06 
0.06 
0.05 
0.05 
0.05 
0.04 
0.04 
0.04 
0.98 
0.98 
0.15 
0.09 
0.07 
0.03 
0.00 
0.00 
0.97 
0.97 
0.09 
0.00 
0.00 

0.72 
0.72 

0.84 
0.84 

0.52 
0.52 
0.52 
0.50 
0.50 
0.50 
0.45 
0.45 
0.45 
0.52 
0.52 
0.52 
0.47 
0.47 
0.47 
0.72 
0.72 
0.44 
0.44 
0.43 
0.50 
0.41 
0.41 
0.74 
0.69 , 
0.21 
0.27 
0.24 

Bearing in mind that the complex and free thiourea migrate separately ‘on the. 
paper strip and therefore are not in equilibrium, the constancy of the ratio Tu: M = 
2: I observed for the three metal ions indicates that the coordination number 2 

(presumably linear by S+ hybridization) is more stable for these thiourea complexes. 
This stability is much greater than that of the corresponding complexes of the 
divalent ions of the IIB subgroup, as these are completely decomposed by elution 
with the same alcohol mixtures3. 

In the mixtures of ketones and 5 J’W aqueous solution of the sodium salt, the &? 
values of the thiourea complexes of. copper(I), silver(I) and gold(I) are always higher 
than those of thiourea, as for the corresponding zinc (II), cadmium( II) and mercury( II) 
complexes3. In mixtures of ,alcohols artd 5 M aqueous solutions of the free acid, the .._ . _. 
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TnBLE IV 

G. MrlRCOTRIGIANO, G. PEYRONEL, R. BATTISTUZZL 

PAPER CNROMATOGRhPNY OF -h,&+ ADDED WITH FREE 3L~-TI~IOUREA (TU') 1; ACETONE (AC) 
MIXED WITH A 5 M AQUEOUS SOLUTION OP THE SODIUM SALT (RATIO 80:20) OR IN ALCOHOL MIXED .>,j( 
WITH A 5 M AQUEOUS SOLUTION OF THE PREE ACID (RATIO 8o:zo) S’,!,!il 

Anion 

_.. 

Solve~P Gluted substan.cc Tu”, 
complex 

Tl6*, 
free 

Ag: Tat Rp. RF, 
complex TU 

ClO,- 
ClO,- 
ClO,- 
ClO,- 
ClO,- 
ClO,- 
ClO,- 
ClO,- 
ClO,- 
ClO,- 
ClO,- 
ClO,- 
BF,- 

E&00- 
CF,COO- 
CH,COO- 
HCOO- 

AC 

AC 
McOH 
MeOH 
EtOH 
EtOH 
i-PrOI-I 
Z-PrOI- 
i-BuOH 
i-BuOH 
i-RmOH 
2’-AmOH 
AC 
AC 
AC 
AC 
i-AmOH 
i-AmOH 

TuAg+ + Tu’ 
Tu,Ag+ + 3%~~ 
TuAb’f + Tu* 
Tush&+ + 3Tu’ 
TuAg+ + Tu* 
Tu,Ag’- + 3’I.u 
TuAg+ + Tu’ 
TusAg” + 3Tu’ 
TuAg+ + Tu* 
TuOAg+ + 3Tu* 
TuAg+ + Tu’ 
Tu,Ag+ -t_ 3Tu’ 
TuAg+ + Tu* 
Tu,Ag+ + 3Tu’ 
TuAg+ + Tu’ 
Tu,Ag+ + 3Tu* 
Tu,Ag+ + 3%~’ 
Tu,Ag+ + 3Tu’ 

100.0 

33.2 
100.0 

33.3 
100.0 

100.0 

100.0 

100.0 

33.8 
100.0 

34.0 
Insoluble 

32.5 
34.7 
33.0 

1:2 0.93 
66.8 1:2 0.93 

1:2 0.09 

6G.y 1:2 0.09 

1:2 0.09 

1:2 0.05 
1:2 0.07 
1:2 0.07 
1:2 o.oG 

1:2 0.00 

1:2 0,07 
66.2 1:2 0.08 

1:2 0.97 
GG.0 1:2 0.97 

67.5 1:2 0.97 
65.3 1:2 0.00 

67.0 1:2 0.00 

0.72 

0.52 

0.49 

0.49 

0.50 

Q-47 

0.71 

0.74 
0.22 
0.21 

a Abbreviations as in Tablo III. 

TABLE V 

Rp VALUESPOICTWECOMPLEXES Tu,AuA ANDTI-IIOUREA (Tu) ELUTEDWITHMIXTURESOFAICETONE 
AND A 5 M AQUEOUS SOLUTION OF THE NsA SALT IN THE INDICATED MIXTURE RATIO 

For halides, a 0.5 M or 1.0 M aqueous solution of sodium haliclc was used. Starting mixture of 
elutccl substances: Tu,AuA + 2Tu*. 
(4g.3-50.9 %) ; free Tu* (49.1-50.9 %). 

Measured radioactivities of the eluted species: Tu,*Au+ 

Anion Mixture 
(A) ratio 

Acetone 

Complex Tu 

Methyl ethyl ketone Acetylacetovas 

Complex Tu Com.pZex TZG 

Wale? 

Complex Tat 

ClO,- 95:5 0.93 0.67 0.92 0.79 
ClO,- QO:IO 0.97 o.Gg 0.95 0.80 0.54 0.41 
ClO,- 85: 15 0.98 0.71 o.gG 0.81 0.65 0.44 
ClO,- go:20 0.99 0.73 0.97 0.83 0.83 0.49 
BF,- 95,: 5 0.74 0.50 o.GS o-33 
:;;I. go: 85: IO 15 0.92 o.gG 0.66 0.61 0*75 0.79 0.57 0.51 

~XOO- 

CFfCOO- 

95: 80: 5 20 0.78 0.98 0.67 0.67 0.84 0.55 O-35 o.Go 

,go: IO, 0.87 0~72 o-75 0.54 CF,COO- 85: 15 0.87 0.63 0.92 0.75 0.50 0.37 ‘“‘!‘L40 

CFsCOO- 80 : 20 o.gG o*74 0.95 0,Gg o.Go 0.36 , .iC~ 

Et- _ 0.5 1.0 M M NaCl NaCl 0.31 0.29 * 0.68 0.69 
Br-. 0.5 M N;LBr 0,30 0.69 
Br- 1.0 M NaBr 0~27 0.70 
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RF values of the copper(I) and silver(I) complexes are always very much lower than 
those of thiourea, This behaviour could depend on the fact that a certain amount of 
water is essential in the mixture to give high RF values for the complexes, as is shown 
by their variation with the solvent: aqueous solution ratios. Alcohols, which are better 
dehydrating solvents than ketones, apparently reduce the availability of the water 
present in the system and consequently reduce the migrating velocity of the complexes. 

The RF variations of the gold(I) complexes, explored for ketone: aqueous solution 
ratios varying from 95 : 5 to 80 : 20 (Table V). depend on the anion, tlze ketone and the 
aqueous solution present in the single-phase solvent mixture used as eluent. Their 
values decrease in the approximate order ClO,->BF,->CF,COO- and acetone> 
methyl ethyl ketone > acetylacetone, and increase with increasing amounts of aque- 
ous solution in the system. 
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