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glycolate). The shift is in the expected direction 
according to the relative positions of these groups 
in the spectrochemical series. 

The mercaptide ion exhibits an intense band in 
the ultraviolet which has been identified by Orgel22 

as a charge-transfer transition. In the divalent 
thioglycolate ion the maximum of this band occurs 
at 245 rrn* (see Fig. 3). In the complexes, CoRS 
and NiRS, this band is seen to become broadened 
and shifted to longer wave lengths. With FeRS 
the shift is not as great but even here a slight over
lap into the visible region occurs. The FeRS spec
trum also shows a d-level transition in the region 
975-950 m î with an extinction coefficient equal to 
six. 

The spectrum of MnRS shows no absorption in 
the visible regions under the present experimental 
conditions. The beginning of a band is observed 
in the same region in which the free divalent thio
glycolate ion absorbs, however. Because of the 
appreciable dissociation of the complex an inter
pretation of the results is difficult. 

The spectrum of ZnRS shows no absorption until 
about 250 m,u where the beginning of a band hav
ing a maximum at shorter wave lengths is observed. 
The excess R S H - ion present in the solution, also, 
contributes greatly to the absorption in this same 
region. No attempt was made to resolve the spec
trum into that of its components because the result
ing spectrum of ZnRS would be obtained from the 
difference of large numbers. 

The spectral changes of the mercaptide ion ab
sorption band in the series of thioglycolato com
plexes run somewhat parallel to those observed by 
Katzin23 for the iodide ion. The charge-transfer 
bands of the iodide ion are shifted to longer wave 

(22) L. E. Orgel, Quart. Revs., 8, 422 (1954). 
(23) L. I. Katzin, J. Chem. Phys., 20, 1165 (1952); 23, 2055 (1955), 

Introduction 
Breckenridge3 prepared the crystalline com

pounds Cu(Im)2Cl2, Cu(Im)2Br2 and [Cu(Im)Cl]-
Cl-V2H2O by reaction in 95% ethanol of the ap
propriate copper salt and 2-(2-aminoethylamino)-

(1) Sponsored by the Office of Ordnance Research, U. S. Army. 
(2) Presented before the Southeastern Regional Meeting of the 

American Chemical Society, Durham, N. C , Nov. 14 to 16, 1957. 
(3) J. G. Breckenridge, Can. J. Research, 26B, 11 (1948). 

lengths on complexing with cobalt(II) and nickel-
(II), but in the lower complexes of zinc(II) a shift 
to shorter wave lengths occurs. 

The oxidation of the metal ion brings about a 
shift of the charge-transfer band of the thioglycolate 
to even longer wave lengths. With Fe(III)OH-
(RS)2

=2 the maximum occurs at 535 mn with a 
shoulder at 410 m/i, and with Co(III)24 the maxi
mum occurs at 362 m/n with a shoulder at 450 mp.. 
This shift to longer wave lengths upon oxidizing 
the metal ion is a reflection of the greater ease with 
which these trivalent metal ions can accept an 
electron from the coordinating thioglycolate ion 
than can the corresponding divalent metal ions. 
In the latter case the transfer of electrons to the 
metal ions occurs less readily because highly un
stable monovalent metal ions are formed. 

The stability and spectra data show that the 
mercaptide ion exerts a strong influence upon the 
central metal ion of a complex. The influence can 
be expressed quantitatively by the value of the 
term Dq in the Orgel diagram.19 The lack of sym
metry in the present complexes precludes the ac
curate evaluation of Dq for the mercaptide ion, but 
it can be stated that its value is fairly large. 

Whether the strong effect of the mercaptide is 
primarily an electrostatic one or a covalent one is 
not evident at the present. In the spectrochemical 
series the increase in Dq is in the order in which in
creased covalent bonding is expected.25 The thio
glycolate ion, on the other hand, is able to exert a 
strong electrostatic field. Most likely, both effects 
play large roles in bringing about the stability of 
the complexes. 

(24) Prepared by the air oxidation of the CoRS solution used in the 
ultraviolet studies. 

(25) L. E. Orgel, / . Chem. Phys., 23, 1819 (1955). 
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ethanol, H2N(CH2)2NH(CH2)2OH, (hydroxyethyl-
ethylenediamine, abbreviated hn or hen-OH). 
Harvey, Tewksbury and Haendler4 made a spec-
trophotometric study of copper(II) acetate and 
hydroxyethyl-ethylenediamine mixtures. Analy
sis by the method of continuous variations5 indi-

(4) J. L. Harvey, C. I. Tewksbury and H. M. Haendler, T H I S JOUR
NAL, 71, 3641 (1949). 

(5) W. C. Vosburgh and G. R. Cooper, ibid., 63, 437 (1941). 
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In solution 2-(2-aminoethylamino)-ethanol, H2N(CH2) 2NH(CH8) 2OH, (hydroxyethyl-ethylenediamine, abbreviated hn 
or hen-OH) forms complexes with copper(II) ion in the ratio Cu(II) :hn of 1:1 and 1:2. The reaction of these complexes 
with further amine and with sodium hydroxide in solution has been studied by spectrophotometric, conductometric and 
potentiometric methods. The 1:1 complex, Cu(hn) +2, reacts with one equivalent of sodium hydroxide to form Cu(hen-
O - ) + 1 and with two equivalents of sodium hydroxide to form [Cu(hen-0~)(OH) f which is quite stable in solution. The 
1:2 complex reacts with hydroxyl radical from excess amine or from sodium hydroxide to form [Cu(hn)(hen-0~) ] + 1 , as
suming the formation of a five-coordinate copper(II) ion. The 1:2 complex also reacts with excess amine to form Cu(Im)8

+2 

for which five-coordinate copper(II) ion is again assumed. In strongly basic solution both of these latter complexes lose 
amine molecules to form [Cu(hen-O -)(OH)l0 . 
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cated complexes in the ratio Cu(II) :hn of 1:1, 1:2 
and 1:4. These authors concluded that the hy-
droxyl radical of the amine was not involved in the 
coordination compounds which they identified. 
Martell, Chaberek, Courtney, Westerback and 
Hyytiainen6 titrated the Cu(hn)+2 complex ion 
with strong base and reported the stability con
stant of this complex (log K11 = 10.0 at 25° in 0.1 
M KNO3) and the constant for the reaction of the 
complex with hydroxyl ion (pK* = 7.3). The fur
ther reaction of this complex with more amine or 
base was not mentioned. 

Preliminary studies in this Laboratory indicated 
that the hydroxyethyl-ethylenediamine molecule, 
like the Quadrol molecule previously studied,7 

formed coordination compounds involving the hy
droxyl radical. For the study of the reactions and 
chelate compounds involving the hydroxyl radical 
the hydroxyethyl-ethylenediamine molecule has 
advantages over the Quadrol molecule in that it 
forms both 1:1 and 1:2 complexes with copper(II) 
ion and in that it has only one hydroxyl group. 
The present paper presents the results of a spectro-
photometric study and of conductometric and po-
tentiometric titrations involving the reactions of 
the 1:1 and 1:2 complexes of copper(II) ion and 
this amine with sodium hydroxide and of the 1 :2 
complex with excess amine. 

Experimental 
A. Reagents.—Copper(II) perchlorate hexahydrate was 

prepared by reaction of perchloric acid on excess reagent-
grade copper(II) carbonate. The solution was filtered and 
evaporated to yield the crystalline product which was re-
crystallized from water and was dried and stored over cal
cium chloride. Solutions were standardized by the method 
of Hall, Gibson, Wilkinson and Phillips.8 Research samples 
of 2-(2-aminoethylamino)-ethanol were obtained from the 
Carbide and Carbon Chemicals Corp. as Hydroxyethyl 
Ethylenediamine. These samples were found to be satisfac
tory for the present use without further purification. Solu
tions were standardized by potentiometric titration with 
hydrochloric acid. Standard hydrochloric acid and carb
onate free sodium hydroxide solutions were prepared by con
ventional methods. 

B. Spectrophotometry; Studies,—Absorption measure
ments were made with a Beckman Model DIJ spectropho
tometer using one cm. Corex or silica cells. Unless other
wise stated, and except where prevented by high sodium 
hydroxide concentration, a constant ionic strength of 0.5 
was maintained by addition of appropriate amounts of 1 M 
KXO3 solution. Studies were made for which the amine 
and sodium hydroxide concentrations varied over the range 
zero to 0.5 M. 

C. Conductometric Titrations.—Conductometric titra
tions were performed with the precise bridge built around 
the Leeds and Northrup Co. No. 1553 ratio box, as de
scribed previously.8 The temperature was maintained 
constant at 25.0 ± 0.02° during titrations. 

D. Potentiometric Titrations.—Potentiometric titra
tions were performed with a Beckman Model G pH meter, 
netails of this work are being presented in another report.9 

Results and Discussion 
A. Preliminary Studies.—The work of Harvey, 

Tewksbury and Haendler* was repeated and ex
tended except that copper(II) perchlorate was 

(G) A. E. Martell, S. Chaberek, Jr., R. C. Courtney, S. Westerback 
and H. Hyytiainen, T H I S JOURNAL, 79, 3036 (1957). 

(7) J. L. Hall, F. R. Jones, C. E. Delchamps and C. W. McWilliams, 
ibid., 79, 3361 (1957). 

(8) J. L. Hall, J. A. Gibson, Jr., P. R. Wilkinson and H. O. Phillips. 
Anal. Chem.. 26, 1484 (1954). 

(9) J. I.. Hall. W. E. Dean and E. A. Pacofsky. forthcoming publica
tion. 

used in place of copper(II; acetate, and the solu
tions were made to constant ionic strength of 0.5 
with potassium nitrate. In general their work was 
confirmed, showing distinctly different spectra for 
ratios of 1:0, 1:1 and 1:2 with the spectra for ratios 
1:3 and 1:4 being only slightly different from that 
for 1:2. The present work shows, however, that as 
excess amine is added there is a gradual but con
tinuous shift in the spectra. Figure 1 shows the 
effect of adding excess amine. Spectra for ratios 
between 1:4 and 1:20 are intermediate between 
these two, and likewise spectra for ratios between 
1:20 and 1:100 are intermediate between these two. 
There is little difference between the spectra for 
ratios 1:00 and 1:100. Harvey, Tewksbury and 
Haendler4 postulated as a result of studies by the 
method of continuous variations5 that their solu
tions contained complexes in the ratio Cu(II) :hn 
of 1:1, 1:2 and 1:4. Their indication for the 1:4 
ratio, obtained at 840 mn, was vague. The present 
work favors a 1:3 ratio at this wave length. These 
results are based on small differences between 
large numbers and should be taken only as an in
dication of further reaction of the amine with the 
1:2 complex. As will be shown later, the third 
amine may serve as base in this reaction and may 
not be coordinated. 

The addition of hydroxyethyl-ethylenediamine 
to copper(II) perchlorate also was followed con-
ductometrically. As 0.1135 M amine solution was 
added to 0.00231 M Cu(ClO4)S, there was a regular 
decrease in conductance to mole ratio 1:1, followed 
by a further regular and relatively greater decrease 
to mole ratio 1:2. This was followed by a gradu
ally increasing conductance with no further defi
nite end-point. The spectral and conductometric 
data both show that there is a third step in the re
action of amine with copper(II) ion which does not 
take place quantitatively as the amine is added 
and which does not go to completion with a mod
erate excess of amine. 

B. Action of Sodium Hydroxide on the 1:1 
Complex.—The addition of sodium hydroxide to 
solutions containing copper(II) ion and hydroxy-
ethylethylenediamine in various ratios was found 
to have a very profound influence on the spectra of 
the resulting solutions. The experiments de
scribed below were intended to clarify the roles ol 
excess amine and excess sodium hydroxide in such 
solutions. In particular it was desired to deter 
mine what part of the effect due to excess amine 
was due to coordination of nitrogen atoms and 
what part was due to action of the amine as base. 

The effect of excess base on the spectrum of the 
Cu(Im)+2 complex is shown in Fig. 2. The curve 
for ratio 1:1:20, Cu(II) :hn :OH- is almost iden
tical with the one shown for 1:1:100 and others 
from 1:1:4 to 1:1:20 are nearly the same. At 
tempts to make solutions containing Cu(II): 
hn:OH" ratios of 1:1:1, 1:1:2 and 1:1:3 at ionic 
strength 0.5 by addition of potassium nitrate re
sulted in turbid solutions or solutions from which 
small amounts of precipitate settled. Solutions at 
these ratios which remained clear for a few hours 
could be prepared without the added potassium 
nitrate. For these the spectra for the 1:1:1 solu-
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Fig. 1.—Spectra of solutions 0.005 M in Cu(CU)2 with 
various ratios of hn. The ionic strength is 0.5 by addition 
of KNO3. 

tion was intermediate between the ones for 1:1:0 
and 1:1:2 but was nearer to the 1:1:2, while the 
curve for the 1:1:3 ratio was near to that for 1:1:2. 

Potentiometric titrations in which sodium hy
droxide was added to an acidified solution con
taining copper(II) ion and the amine in 1:1 ratio 
showed that after the formation of the 1:1 complex, 
two additional equivalents of hydroxyl ion per 
mole of copper(II) ion reacted in two different 
steps. A conductometric titration, shown as 
curve B of Fig. 5, also clearly shows the reaction of 
two equivalents of sodium hydroxide with the 1:1 
complex ion but does not differentiate the two steps 
as does the potentiometric titration. It is assumed 
that these results are accounted for by the succes
sive formation in the solutions of Cu(hn)+2, Cu-
(hen-O-)+1 and [Cu(hen-0-)(OH)]°. In these 
formulas hen-OH is substituted for hn, and hen-O" 
denotes removal of the proton from the hydroxyl 
radical. While the present results do not permit 
distinction between the removal of this proton and 
the substitution of a hydroxyl radical for a co
ordinated water molecule, the results previously ob
tained with Quadrol and copper(II) ion7 lead us to 
the conclusion that the proton is removed from the 
hydroxyl radical of the alcohol group and there re
sults an additional five-membered chelate ring in
cluding coordination at this oxygen atom. The 
Cu(hen-0~)+1 ion evidently undergoes dismuta-
tion to a slight extent to form Cu(Im)2

+2 and Cu-
(OH)2. Jonassen and Dexter10 have shown that 
such action is complete upon the addition of so
dium hydroxide to the 1:1 complex of copper(II) 
ion and ethylenediamine, Cu(en)+2. This differ
ence in the behavior of the ethylenediamine and 
hydroxyethyl-ethylenediamine complexes is ac-

(10) H. G. Jonassen and T. H. Dexter, THIS JOURNAL, Tl, 1553 
1,1949). 
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Fig. 2.—Spectra of solutions 0.005 M in Cu(ClOi)2 show
ing the effect of excess NaOH on the 1:1, Cu(II) :hn, 
complex and the near identity of the 1:1 and 1:2 solutions 
in excess base. 

cepted as further evidence that the oxygen atom of 
the hydroxyethyl-ethylenediamine complex is in
volved in coordination and contributes to the 
stability of the 1:1 complex of this amine. The 
near identity of the spectra of the 1:1:100 and 
1:2:100 solutions shown in Fig. 2 suggests that the 

• final result of adding sodium hydroxide to the 1:2 
complex is the same as for the 1:1 complex. 

C. Action of Sodium Hydroxide on the 1:2 
Complex.—The effect, on the spectra, of addition 
of sodium hydroxide to the 1:2:0 solution is shown 
in Fig. 3. The lack of identity between any of the 

500 600 700 
WAVE LENGTH, MjJ. 

Fig. 3.—Effect of the addition 
spectra of the Cu(hn)2+2 complex. 
hn :OH" . 

800 900 

of strong base on the 
The ratios are Cu(II ) : 
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curves of this figure (except 1:2) and those of Fig. 
1 shows that in the reaction of the Cu(Im)2

+2 com
plex with excess amine or strong base, the amine or 
strong base may not totally replace one another at 
any stage. The action of strong base on the Cu-
(Im)2

+2 complex evidently proceeds in at least 
three steps. The changes in spectra for the first 
step are shown in more detail in Fig. 4. 

500 540 580 
WAVE LENGTH, Mw. 

Fig. 4.—Effect of small increments of NaOH on the 
spectrum of the Cu(Im)2

+2 complex. AU solutions are 0.01 
M in Cu(ClOi)2, 0.02 M in hn and with NaOH concentra
tions as shown. 

Figure 4 shows the spectra of solutions 0.01 M 
in copper perchlorate and 0.02 M in hydroxyethyl-
ethylenediamine with sodium hydroxide added in 
various amounts to 0.04 M. These spectra show 
an isosbestic point at 630 m,u. The curve for the 
1:2:0 ratio does not cross this point. This solution 
evidently undergoes some hydrolysis as its pR 
value is 6.99 as compared to pB. values from 9.24 
for the 1:1:0.2 solution to 10.69 for the 1 :2:1 solu
tion. The curve for ratio 1:2:2 varies slightly 
from the isosbestic point while curves for solutions 
containing greater amounts of sodium hydroxide 
vary widely as shown in Fig. 3. The spectral pat
tern shown in Fig. 4 resembles very closely the one 
shown by Jonassen, Reeves and Segal11 for addi
tion of sodium hydroxide to the bis-ethylenedi-
amine-copper(II) complex. The changes in the 
spectral pattern which required 0.6 M NaOH for 
the ethylenediamine complex11 require only 0.02 
M NaOH for the corresponding hydroxyethyl-
ethylenediamine complex. For the Cu(en)2

+2 com
plex it was proposed11 that the spectral pattern ob
tained was the result of addition of hydroxyl ion to 
a fifth coordination position of the copper(II) ion. 
For this reaction Jonassen, Reeves and Segal11 re
port an average equilibrium constant of log K = 
0.7301. In the present case a reasonable assump
tion is that for the Cu(Im)2

+2 complex, as NaOH is 
added, an additional five-membered chelate ring is 
formed including a fifth coordination position of 

(11) H . B . Jonassen , Jl . Ji. Reeves and L. Se^aI, T H I S J O U R N A L , 
77 , 2748 (1955). 

the copper(II) ion and the hydroxyl oxygen atom 
from one of the amine molecules from which a pro
ton is removed as the reaction proceeds. The 
relatively greater effect of low concentrations of 
sodium hydroxide on the Cu(Im)2

+2 complex as 
compared with the Cu(en)2+'2 complex may be ex
plained by the expected greater stability of the pro
posed oxygen-containing five-membered chelate 
ring as compared with the link to the hydroxyl ion 
alone at the fifth coordination position. For the 
reaction 

Cu(hn)„+S + OH-: [Cu(hn)(hen-0- ) ] + I + H2O 

the stability constant calculated from the data 
shown in Fig. 4 is of the order of 850 or log K = 
2.9, approximately. 

D. Effect of Excess Amine and of Excess 
Sodium Hydroxide on the 1:2 Complex.—Spectral 
curves such as those shown in Figs. 1, 2 and 3 give 
considerable information about the interaction of 
excess amine and sodium hydroxide on solutions 
containing copper(II) ion. These may be noted 
by reference to the branch of these curves to the 
right of the maximum of absorption. For any 
solution containing copper(II) ion and hydroxy-
ethyl-ethylenediamine in which the concentration 
of amine is two or more times the concentration of 
the copper(II) ion, addition of more amine causes 
this right branch of the curve to increase in absorb-
auce and causes the maximum of the curve to shift 
to longer wave lengths. The limit of this shift is 
approximately at the position of the 1:100:0 curve 
shown in Fig. 1. Addition of sodium hydroxide to 
solutions containing amine and copper(II) ion in 
ratio 2:1 or greater at first causes this right branch 
of the curve to rise, then with more base, to lower. 
The maximum position is again approximately the 
same as for the 1:100:0 curve and the final position 
with great excess of base approaches the position 
of the 1:1:100 curve shown in Fig. 2. Thus if base 
is added to the Cu(II) :hn mixture of ratio 1:100 
the right branch of the spectral curve is lowered. 
If more amine is added to the 1:4:100 mixture, this 
part of the spectral curve is raised. The 1:4:2 
curve is very close to the one for 1:100:0. 

Equilibria involving at least three complexes are 
indicated here. The spectra for all solutions con
taining a great excess of sodium hydroxide ap
proach that for the 1:1:100 ratio indicating that the 
end-product with such excess base contains Cu(II) 
ion and hn in 1:1 ratio. 

The addition of excess amine to the Cu(Im)2
+2 

complex appears to result in a mixture of two or 
more products. First the general similarity of posi
tion of the 1:20 curve of Fig. 1 to the 1:2:1 curve of 
Fig. 3 indicates that at least a portion of the excess 
amine acts as base to remove a proton from one of 
the coordinated amine molecules and produce the 
additional five-membered chelate ring involving 
the oxygen atom, just as with a much smaller con
centration of added sodium hydroxide. 

Addition of a considerable excess of amine causes 
the maximum of absorbance to shift to longer 
wave lengths and to increase in intensity. This 
shift is in the same direction but is not nearly so 
extreme as that which Bjerrum and Nielson12 

(12) J. B j e r r u m and Ii. J. >iie)sou, AclaCkem. Scant!.,2,297 t,19i&). 
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report for the addition of excess ethylenediamine 
to the Cu(en)2

+2 complex in solution. This shift 
was assumed to be due to addition of a third ethyl
enediamine molecule to a fifth coordination posi
tion of the copper(II) ion. The present situation 
is sufficiently parallel to that of Bjerrum and Niel-
son12 that we may assume that in a great excess of 
hydroxyethyl-ethylenediamine, a portion of the 
[Cu(hn)(hen-0~)]+1 ions and Cu(Im)2

+2 ions are 
converted to Cu(Im)3

+2 ions. Although in the 
same direction, the difference in spectra between 
the 1:2 and 1:100 ratios, Cu(II)-hn, of the present 
work is much less than the corresponding difference 
in the spectra of Bjerrum and Nielson12 for the 
copper(II) ion and ethylenediamine system. It is 
concluded that in the present system where a com
peting reaction occurs, a relatively smaller amount 
of the Cu(Im)3

+2 complex is formed. The fact 
that the maximum in absorbance is attained by 
addition of sodium hydroxide to the Cu(II) :hn mix
ture of ratio 1:4 bears out the view that this maxi
mum is due to a mixture of the proposed products. 
Spectra for the 1:4:2 and 1:4:4 solutions are nearly 
identical; more base causes the downward shift 
of the right branch of the spectral curve. Addi
tion of a large excess of sodium hydroxide appears 
to cause a displacement of all but one of the co
ordinated amine molecules with the formation of 
[Cu(hen-0-)(OH)]°. 

D. Additional Conductometric Titrations.—Two 
additional types of conductometric titrations were 
especially helpful in supplementing the results of 
the spectrophotometric work. 

Copper (II) perchlorate was added to solutions 
containing hydroxyethyl-ethylenediamine with so
dium hydroxide in ten- and twenty-fold excess. 
At the beginning of the titration and as long as the 
concentration of the amine was more than twice 
the concentration of the copper(II) ion, the slope of 
the conductance curve indicated reaction of less 
than two hydroxyl ions per mole of added copper-
(II) ion. As the titration proceeded and the Cu-
(II) :hn ratio approached 1:1, the greater downward 
slope of the curve indicated a reaction of more than 
two moles of hydroxyl ion per mole of added cop-
per(II) ion. These results may be accounted for if 
the following reactions are assumed 

Cu+* + 2hn + O H " — ^ [Cu(hn)(hen-0-)]+' + H2O 
[Cu(hn)(hen-0-)]+i + Cu+» + 3OH - — > • 

2[Cu(hen-0-)(0H)]» + H2O 
In this titration, after the amount of copper(II) 
ion added to the solution exceeds the amount of 
amine in the solution, copper(II) hydroxide pre
cipitates. The slope of the line after the start of 
precipitation is determined by the reaction of two 
equivalents of hydroxyl ion per mole of copper (II) 
ion. If this line is extrapolated back to zero con
centration of copper(II) ion it intersects the initial 
conductance of the sodium hydroxide-amine mix
ture. Thus the over-all reaction of two moles of 
hydroxyl ion per mole of copper (I I) ion is estab
lished, in agreement with the above equations. 

Figure 5 shows the results of a comparison of the 
addition of copper(II) ion, Cu(hn)+2, Cu(Im)2+

2, 
Cu(en)2+2 and an equimolar mixture of Cu(en)2+2 

and Cu(Im)2
+2, all as 0.05 M perchlorates, to 0.005 
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Fig. 5.—Conductometric titrations: each of the follow
ing 0.05 M solutions as perchlorates, added to 0.005 M 
NaOH: (A) Cu(II); (B) Cu(Im)+*; (C) Cu(Im)2+*; (D) 
equimolar mixture of Cu(hn)2+

2 and Cu(en)2
+!; (E) 

Cu (en) j+2. 

Fig. 6.—Reactions of copper(II) ion with hydroxyethyl-
ethylenediamine and sodium hydroxide: (I) Cu(hn)+2; 
(II) [Cu(hen-O-)]+1; (III) Cu(Im)2+=; (IV) [Cu(hen-
0-)(OH)]»; (V) [Cu(hn)(hen-0-)]+i; (VI) Cu(hn),+*. 

M sodium hydroxide solution. For the addition of 
copper(II) perchlorate, curve A, the initial regular 
decrease in conductance is accompanied by pre
cipitation of copper(II) hydroxide. The following 
rise in conductance is due to the accumulation of 
excess copper(II) perchlorate in the solution. For 
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the addition of Cu(hn)+2 , curve B, the t i t rat ion is 
nearly identical with the one for copper(II) ion ex
cept t ha t no precipitate is formed. The curvature 
in the vicinity of the end-point of curve B indicates 
incomplete reaction a t the stoichiometric end-point. 
In this reaction the complex [Cu(hen-0~)(OH)]° 
is evidently formed in one step. The reaction be
tween Cu(Im) 2

+ 2 and hydroxy! ion, curve C, shows 
no definite end-point and a comparison of this 
curve with curves A and B indicates a total reac
tion of only one mole of hydroxyl ion per mole of 
Cu(Im)2

+ 2 . The initial slope, however, indicates 
tha t in the large excess of base two equivalents of 
hydroxyl ion per mole of Cu(Im) 2

+ 2 are used. This 
is additional confirmation tha t in great excess of 
strong base, one mole of amine is displaced from 
the 1:2 complex. The curve E for addition of 
Cu(en)2+2 indicates negligible reaction of this 
complex with the hydroxyl ion a t this concentra
tion. The curve D for the addition of the mixed 
complexes is evidently an average of curves C and 
K. 

Detailed knowledge of the reactivity of the polar 
side-chain and terminal groups of proteins is neces
sary for an understanding of their s tructure and 
function. At least three general approaches may 
be followed for assessing the reactivity of a group 
or class of groups: (1) the preparation of stable de
rivatives under denned conditions; (2) the meas
urement of equilibria in which the group in ques
tion takes part , for example, equilibria with cat
ions ; (3) the measurement of the catalytic activity 
of the group in question. 

The third approach has been pursued least vigor
ously, except for studies specifically dealing with 
the catalytic properties of the highly specialized 
"active centers" in enzymes. We have under
taken an extensive investigation of the applica-
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E. Potentiometric Titrations.—Titrations in 
which base was added to acidified solutions of the 
amine, Cu(hn)+ 2 and Cu(Im) 2

+ 2 were used to cal
culate the acid dissociation constants of the amine 
salt, the stability constants of the complexes and 
the acid dissociation constants of the complexes. 
These are being reported in detail in a further pub
lication.9 For the formation of Cu(Im)+ 2 , the 
value of log Ki is 10.11. For the formation of 
Cu(Im)2^2 from Cu(hn)+ 2 and hn, the value of log 
K^ is 7.51. For the dissociation of the proton 
from Cu(hn)+2 , pKa is 7.21. These results are all 
in 0.5 M potassium nitrate . 

Summary.—The char t shown in Fig. 6 gives a 
scheme which is consistent with all of the data pre
sented here. The formulas designated V and VI 
are drawn to include the assumption of five-coordi
nate copper(II) ion but are not intended to be in
dicative of the structure of this ion. 
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bility of the catalytic method for the general as
sessment of the reactivity of groups in proteins. 
Knowledge of the catalytic potentialities of a series 
of model compounds containing these groups may 
lead also to a bet ter understanding of enzymatic 
activity. 

The catalytic activities of proteins are not neces
sarily limited to well-recognized enzymic functions. 
We may expect tha t the side-chain and terminal 
groups in proteins may be able to catalyze reac
tions according to the characteristics of comparable 
groups in small molecules. Presumably these cata
lytic effects may be assignable to the action of indi
vidual groups or of clusters of groups acting to
gether. 

The catalytic approach cannot be expected to 
circumvent the problem of the overlapping reactiv
ities of the various classes of groups in proteins; 
for example, many of these types of groups are po
tentially active in general basic catalysis. There
fore, to be exploited most effectively the catalytic 
approach should be used in conjunction with the 
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Coordination Complexes and Catalytic Properties of Proteins and Related Substances. 
I. Effect of Cupric and Zinc Ions on the Hydrolysis of p-Nitrophenyl Acetate by 

Imidazole1 
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The advantages of combining different methods, particularly kinetic and equilibrium techniques, for assessing the re
activity of polar groups in proteins are described. The model system containing cupric and zinc chlorides, imidazole and 
imidazolium chloride has been studied simultaneously by two independent techniques that measure the concentration of 
free basic imidazole quantitatively. The first technique depends on the catalysis by imidazole of the hydrolysis of ^-nitro-
phenyl acetate (NPA); the second technique involves measurement of the pH of the solution. Over a wide range of condi
tions the two techniques of measurement do not interfere with one another. The />-nitrophenolate ion released on hydrolysis 
of NPA combines with zinc and cupric ions about 100 times less strongly than does imidazole. Previous observations on 
the rate of decomposition of N-acetylimidazole are confirmed, and zinc ions are shown to have no detectable effect on the 
rate of decomposition. The method of Scatchard is applied to the computation of the successive association constants in 
the Cu( I I ) - and Zn(II)-imidaznle systems, with results that differ only slightly from those reported previously. 


