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The paper deals with preparation, spectral and ma- 
gnetic properties of a-, &-, and y-Cu (CZOJ) (NH.4 Z, 
Cu (Cz04) (NH.,), Cu (CZOJ) (NHIJz 2H20, and (NH.+)r 
Cu (C,0,J2 2Hz0. Spectral arid magnetic properties 
of a-C’u(C20J (NHJ)~, Cu(Cz04)(NHj) and both dihy- 
drates are compared with their known structures. and 
possible sfructure of @- and y-Cu (CJI4) (NHJJ is 
discussed on the basis of the results obtained. Accor- 
ding to the experimental data the structure of y-Cu- 
(C20J) (NH.41 is near to the structure of the a-modi- 
fication with its basic state dXt_y~. On the other 
hand, similar stereochemical arrangement alike in 
Cu(C20J) (NH3)2 2H20 is proposed for the @-modi- 
fication with its basic state d,z. 

Introduction 

Attention is paid in our working place to the 
questions of study of the unclassical type of isomer- 
ism in the copper(I1) complexes of the general for- 
mula CuXzAz in solid state. Modifications in CuXl- 
(NHj)z have been prepared, where X = Cl-. Rr--, 
SCN- 1.2.3 and Cu(CHA)&‘. X-Ray structural ana- 
lysis as well as Indirect methods of study of their 
structures5-9 point to the fact that some of them differ 
in various degrees of deformation of the coordinate 
polyeder. 

Already in older papers hints are made that Cu- 
(C~O~HNHJ)~ exists in two modifications’“. The oxa- 
lat.< ion itself is marked by its great variability of 
possibilities to be linked in complexes, which has 
been confirmed in solving the structure of some oxa- 
late copper(l1) complexes”-“. Although the proper- 
ties of modification of oxalate-wnmine-copper( I I) 
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complexes are lnentioned in a summary paper’” and 
some original works’“.‘5.‘“~‘7, a more detailed view 
of preparation, spectral 
not yet been presented. 

and magnetic properties has 
This is aim of this paper. 

Experimental Section 

Preparation of Complexes. The complexes have 
been prepared according to the followin scheme: 

l 

cu fC,O‘J l 

+ 

a- and 
have been prepared according to’“. More detailed 
conditions of preparation of ~~-CLI(CZO~)(NH~)Z as well 
as of Cu(C20q)(NHj) in powder are given in paper”. 
The (NHJ~C~(C?O~)~ * 2H10 1101 quoted in the sche- 
me has been prepared according to Viswamitra”. 

I R-spectra of the complexes investigated in the 
region from 3300 to 200 cm-’ have been measured 
with the spectrophotometer Perkin-Elmer 225 by 
means of the Nujol suspension technique. 

Electronic spectra in the region of 12-20 kK have 
been measured with ~hc spectrophotometer Perkin- 
Elmer 450 using the Nujol suspension technique. 
Temperature dependence of magnetic susceptibility 
has been measured from 86 to 300 K with Guy’s 
method utilizing an instrument of “Newport I nstru- 
ments Ltd.‘. CuSO, . 5HzO has been taken as a 
standard”. Diamagnetic corrections have been com- 
puted by means of Pascal’s constants”. The values 
of effective magnetic moment have been computed 
according to the relation: 

Lkrt = 2.83 dn 

(15) H. Langfeldcrovri. I. Mikovic. and I. Goio. TJwmocJtirnico 
AcJu 5, 303 (1973). 
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A.A.G. Tomlinson. 1. CJrem. Sot.. Dollon Tram., 391 (1972). 
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(19) A. Eurnshow. Introduction to Magnciochcmi,try. Academic 

Press. l.ondon. 1968. 
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Table I. The infrared spectra (200-3300 cm-‘) of CL- (I), P- (II), Y-Cu(GQ)(NHA (III), C~(CDI)(NHI (IV), C~(CZO~)(NIWP 
2H,O (V), and (NR)Ku(GO& . Z-LO (VI) complexes. Vibrational frequencies (cm-‘) with assignments for complexes. 

1 II 111 IV V VI 

3180 
VW 

v..(O-C-O) 

3125 
1715 

3179 3190 3220 

3125 3150 3083 

1665 1694 1683 

v,,(O-C-O) 

1685 
1615 

1630 

3218 

3124 
(1710) sh 

1665 

1624 1624 1610 

3077 

1680 

1654 

1625 

&NH, 1595 1587 1601 1601 1560 

Y.(O-C-O) 1340 1417 1397 1397 

1296 
&NH, 

i&(0-C-O) 
v.(O-C-O) 

+6(0-C-O) 

S(O-CO) 

1290 1330 

1270 
1290 
1263 
893 

1366 

1316 

1296 

1250 1277 

890 

1280 

1263 

897 

PNH, 

6(0-C-O) 

778 

680 

665 
505 sh 

498 

1409 

1300 

1283 
1263 

888 

781 

777 

685 

509 

884 
790 

781 

680 

813 

783 

670 

792 

775 
803 

670 

542 
500 

w(Cu-0) 480 488 460 484 
488 

VCU-N 444 440 450 412 
442 
434 
426 

381 
60-c-ow 368 380 

379 
TcCzOl- 
SO-Cu-N+ 
6(0-cu-0) 

300 
309 
290 

300 
315 
310 

300 

372 

332 

292 

lattice vibrations 221 
211 
205 

290 
225 
215 
205 

290 
268 

225 240 
218 

EPR spectra have -been measured with Varian spec- 
tiometer 3 in the X-region on polycrystalline samples. 

Cu-NH3 in those complexes are almost equal. To a 
higher frequency shifted valence vibratjon vN-11 in 
&CU(GO~)(NH,)~ suggests a relatively lower strength 
of the bond Cu-NH,, or weaker hydrogen bonds in 
this complex. The difference of 32 cm-’ between 
the values of valence vibration of k--N bonds in 
a-Cu(CsO&NH& and Cu(C?Ot)(NH,) seems to be 
caused by higher degree of hydrogen bonds formation. 
The highest value of vCu_N vibration in y-Cu(C201)- 
(NHJ)I suggests that there must be the weakest Cu-NH, 
bonds. The oxalate group in a-Cu(C204J(NH3)~ has 
a relatively wide, richly articulated absorption band 
in the region of 1700-1600 cm-’ belonging to anti- 
symmetric valence vibrations (v~, o-c-o), which is 
similar to the corresponding band in CU(C~O~J(NHS) 
shifted to the regions which are characteristic for the 
expressively covalent way of oxalate group bonding. 
P_ and y-Cu(C20a)(NH& have their most intense 
maxima of the corresponding absorption band shifted 

Results and Discussion 

Studying the dependences of properties of the 
chemical compounds Cu(Cr0g)(NH3)~ on the method 
of their preparation, it has been found that they exist 
in three different modifications’0*12“4, marked as a-, 
!3-, and y-Cu(C204)(NH&. 

Infrared spectra of oxalate-ammine-copper(II) 
complexes have been studied from the viewpoint of 
bond of ammine and oxalate group to the central 
atom as well as from the viewpoint of the relative 
strength of these bonds. Valence vibrations (vN_~J) 
of the coordinated molecules of ammine have mu- 
tually near values of frequencies in a- and y-Cu- 
(CzOd)(NH&, and CU(CZOJ)(NH~). This agree wdl 
with crystal structure of a-CU(C*04)(NH3)2’2’M as well 
as CU(C~O,)(NH~)“, according to which the distances 
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Table II. Magnetic Data of a-, @--, and ~-CU(C~O~)(NH~)~ (-AX lo6 = 84). 

T/K a- 
xgx lo6 

P- 
88 

103 
123 
143 
163 
183 
203 
223 
243 
263 
293 

21.45 
18.76 
15.99 
14.09 
12.45 
11.21 
10.23 
9.22 
a.54 
7.86 
7.12 

21.22 21.04 
18.61 18.46 
16.09 15.90 
14.09 13.76 
12.47 12.29 
11.20 10.90 
10.14 10.04 
9.33 8.99 
a.53 a.37 
,7.92 7.79 
7.17 6.92 

Y- a- 
p,rr B.M. 

P- Y- 

1.695 
1.716 
1.735 
1.76 
1.77 
1.78 
1.796 
1.79 
1.80 
1 .a0 
1.816 

1.685 1.68 
1.71 1.70 
1.74 1.73 
1.76 1.74 
1.77 1.76 
1.78 1.76 
1.79 1.78 
1.80 1.77 
1.80 1.785 
1.81 I .795 
1.82 I .794 

Table Ill. The Parameters Obtained from Curie-Weiss Law and Ising Model. 

Compound 
Curie-Weiss Law Ising Model 

C @WI g -2J, cm-’ TN~KI i? -21, cm-’ 

a-Cu(CIOI)(NHIJI 0.437 -18.9 2.161 13.1 
&Cu(GO,)(NH,)?. 0.440 -20.2 2.168 13.9 
y-Cu(CzO.)(NH,h 0.425 -17.1 2.131 11.9 
Cu(CzO,(NHA .2HzO 0.489 -17.3 2.286 12 
(NHJ~Cu(GO,h .2H:O 0.423 - 2.125 - 

17.7 2.158 
19.1 2.168 
17.5 2;134 
17 2.290 
- - 

12.3 
13.3 
12.2 
11.9 
- 

to lower values; this band by its form and number 
of arms conforms to a more symmetric bonding of the 
oxalate group as it is in rl-Cu(C204)(NH&, in Cti- 
(C20a)(NHj)~ * 2HrO or (NH,)Ku(C$O,), * 2H?O. IR 
spectra data are given in Table I. 

Investigating the magnetic properties of a-, f3-, 

and ~-CU(CJO~)(NH& it has been shown that at room 
temperature their magnetic moments are higher than 
the spin value only (1.73 B. M.); however, with de- 
creasing temperatllre they decrease below this value 
(Tab. II). 

The reserved values of their corrected molar su- 
sceptibilities show a linear dependence on absolute 
temperature but the corresponding straight lines cut 
out sections in the region of negative values on tem- 
perature axis (Fig. 1 and 2). It means that the ma- 
gnetic behaviour of those complexes agrees to Curie- 
Weiss’ law, x&t a C/(T-@, whose parameters are 
quoted in Tab. III together with the values of g-factors 
computed from the relationship 

C gW2 S(S+ 1) -= 
T 3kT 

where S = l/2 and the other symbols are evident. 
The values of exchange interaction between singlet 
and triplet levels of 21, which have been obtained 
from the relation 21 = 8 . k, are also quoted in 
Tab. 111. Those experimental results indicate anti- 
ferromagnetic behaviour of the complexes discussed. 

Two nitrogen atoms in trans-position together with 
two oxygen atoms of two oxalate groups form a pla- 
nar coordination of Cu(l1) in the crystal structure of 
c+CU(C?O,)(NH~)~ with orthorombic symmetry. The 
fifth and sixth crystallographic coordination places 
are completed with oxygen atoms of oxalate groups 
under formation of a deformed tetragonal bipyramid. 
Oxalate groups function as bonds linking copper 
atoms in chains”,m. In these chains, the distance 

Cu-Cu is 3.813 A. This is relatively large for over- 
lapping of d-d orbitals, bridge oxygen atoms provide 
a sufficient possibility of interaction of a super-ex- 
change type. Owing to the above said, it has ap- 
peared useful to test Ising’s anisotropic model”,‘? 
for temperature dependence of susceptibility. Ac- 
cording to this model, temperature dependence of 
susceptibility of linear antiferromagnetism applies in 
the region above Ntel’s temperature to the equation 

g’NP’ xhl’ = - 
4kT 

exp (+ 

where J means energy of exchange interaction, and 
the meaning of the other symbols is evident. As it 
can be seen in Fig. 1 and 2, the dependence of log 
r4kTx,,‘/Nf121 on T-’ is linear, which pl’oves the 
validity of this model. The value of -21 = 12.3 

- T.! W’[K-‘1 

Figure 1. Magnetic behaviour with temperature of y-Cu(G 
O,)(NH,), (1) and a-Cu(C?O,)(NH,), (2); closed circles, plot, 
of I/x~,’ vs. T; open circles,plots of log [4kT/NP’ XU’] vs. T . 

121) G.F. Nervctl and E.W. Montroll. Rev. Mod. Phys.. 25. 353 
(1953). 
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cm-’ comes out from the line slope for energetic se- 
paration between singlet and triplet levels, and it is 
very near to the value, obtained in utilizing Weiss’ 
constant (Tab. III). Also the value of spectroscopic 
factor of fission g = 2.158 is practically the same as 
the value obtained by means of Curie’s constant, g = 
= 2.161. 

I 
-lz 

Figure 2. Magnetic behaviour with temperature of fi--Cu(G- 
OI)(NHJ)* (1) and Cu(C,O,)(NH,), . 2H10 (2); closed circles, 
$c,‘;_yf l/xhl’ vs. T; open circles, plots of log [4kT/NP’ XC(‘] 

. . 

Figure 3. Electronic spectra of a- (l), P- (2), Y-Cu(CzO,) 
(NH,), (3), and (NH,)Xu(GO& .2KO (4). 

Electronic spectrum (Fig. 3) of this complex shows 
a band in the region about 15.40 kK with an arm 
about 14.50 kK which can be assigned to d-d transi- 
tions of thc’Cu” ion 

%,. ‘Br, t ‘B,,, and ‘A,, +‘B,, 

Two values of g-factor (Tab. IV) have been obtai- 
ned from anisotropic EPR spectrum of polycrystallic 
a-Cu(C204)(NHs)2 in utilizing Kneubiihl’s methoda, 
and gi < g,. This allows to point to the presence of 
a structure with the value of effective spin S = l/2 
and basic state ‘B,, (dxz_y?). In this case the 
following relations apply for gl and g,,” 

(22) C.G. Barraclough and C.F. Ng. Trans. Furuday Sec.. 60, 836 
(1964). 

(23) F.K. Kneubiihl. /. Cherm I’hys.. 33. 1074 (1960). 

g, = Z-2k,‘h / E(‘E, c ‘B,,) and 

g,, = 2--8k,;h. / E(‘Bz,+-*B,,) 

where k is an orbital reduction factor, and h is a 
constant of spin-orbital connection, having the value 
-829 cm-’ for the free Cu” ion’“. The values of 
k, = 0.63 and kl, = 0 76 computed from the above 
relations show a marked covalency of bonds at an 
important participation of out-of-plane x-bonds. 
This is in good agreement with exchange interaction 
which can be performed just by means of n-pathway. 

The degree of tetragonal distortion T = 0.83 
(T = R~/RL, where Rs is average value of short 
bonds, and RI - average value of long bonds of copper 
- ligands), is lower than that usually occurring in 
tetragcnal octaedric complexes which suggests a 
transition 10 orthorombic distortion. 

The results obtained for spin-orbital connection 
h,;’ = - 479 cm-’ and h,’ = - 325 cm- from the 
relations hi,’ = k,,* * h or X, ’ = k,* h, are markedly 
lower than the value for the fret Cu” ion -829 cm-‘. 

The ratio X’/h = 0.5 indicates a relatively marked 
delocalization of the unpaired Cu” electron which 
remains about 50% of time in the d,+,z orbitals and 
the rts! on lignnd orbitals. 

The spectral and magnetic data of thre: modiCica. 
tions of CU(C,ZOG)(NH~.)I indicate unambiguously the 
highest relationship between a- and y-Cu(CrO,,)- 
(NH&. Based on the above it is possible to ascribe 
to the y-modification a stereochemical arrangement 
similar to the a-modification. 

.In the previous papers’*,” it has been shown that 
by dehydration of Cu(C204)(NH,)2 . 2H10, already at 
room temperature the latter shifts to P-CU(CZOJ)(NHJ)~ 
and then it is possible to expect in both cases similar 
stereochemical arrangement in the environment of 
copper(I1). This assumption was stated on the basis 
of properties observed as well as on the basis 
of a marked similarity of X-ray powder photos of 
both compounds”. 

Magnetic behaviour of &modification (Tab. I I, 
Fig. 2) does not negate the assumption of the proposed 
structure in which, in contradiction to a-modifica- 
tion, there is another number of coordinated oxygen 
atoms and then it differs in the symmetry of oxalate 
groups. In a-Ca(C201)(NH3)l three oxygen atoms 
of oxalate group are bonded with the centEa1 
atom so as they form a chelate with expressively 
inequivalent lengths o fCu-0 bonds and at the 
same time they form bridges among copper atoms”. 
While in the a-modification the co-ordinate polyhe- 
dron is an elongated tetragonal bipyramid, for the 
P-modification a compressed tetragonal bipyramid is 
assumed13, in which all the four oxygen atoms of oxa- 
late group are bonded with copper(I1). It is evi- 
dent from Fig. 4 that even in the case of the P-modi- 
fication, antiferromagnetic interaction is possible only 
through oxygen atoms, i.e. of a super-exchange type. 

EPR spectrum of ~~-CU(C~O~)(NH~)I is clearly ani- 
sotropic with two values of g-factor (Tab. 4), and 

g1 <gll which indicates rather the basic state of 

(24) C.1. Ballhausen. alnl~oduclion 10 Ligand Field Theory~. MC 
Craw-Hill. New York. 1962. 

(25) B.N. Figgis and Lewis I.. Proc. Irwrg. C1w.m. 6. 57 (1964). 
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Table IV. Spectral data of a-, e, and Y-CU(COMW~Z. 

u-Cu(C,O,)(NH,), 
@-Cu(CKhWI-U 
Y-CU(CZO,)(NH,)I 

g1 gll 

2.057 2.249 
2.041 2.236 
2.062 2.256 

& G 

2.123 4.40 
2.160 5.75 
2.129 4.13 

IL Kll A:(cm-‘) h,,‘(cm~’ 

0.63 0.76 -325 -479 
0.54 074 -236 -460 
0.65 0.78 -344 -503 

Table V. Magnetic Data of (NH&Lt(603,. 2Hz0 and Cu- 
(CzO,)(NH,)z. 2HzO (-Ax 10” = 115.6) (-Ax lo6 = 110). 

T/K x*x 10’ Mrr XIX 106 &If 

88.2 
103.2 
123.2 
143.2 
163.2 
183.2 
203.2 
223.2 
243.2 
263.2 
293.8 

14.86 1.83 
12.60 1.83 
10.65 1.84 
9.09 1.84 
7.89 1.835 
6.98 1.83 
6.34 1.84 
5.70 1.84 
5.22 1.84 
4.85 1.85 
4.24 1.84 

20.23 1.80 
17.66 1.82 
15.15 1.85 
13.27 1.87 
11.74 1.88 
10.61 
9.54 
8.68 
7.95 
7.37 
6.64 

1.90 
1.903 
1.906 
1.91 
1.92 
1.93 

dG+g than the expected d,‘. The fact that the value 
= 5.75, computed from the relation G = (gli - 2)/ 

/(gl - 2) is much higher than 4, indicates a lower 
symmetry with hardly discernable values of g, and g,. 
On the other hand, however, gL and gil are at a signi- 
ficant distance, which is a case frequent enough in 
measuring polycrystallic samplesz6. 

e’Hb 00 Ob l c 

Figure 4. The assumed co-ordination of the copper atom and 
function of the oxalate group in 8-Cu(CZOI)(NH&. 

The crystal structure of the complex CU(CZOI)(NH~)~ 
* 2H20 consists of infinite linear chains where each 
Curt atom is bonded with two nitrogen atoms on 
the z-axis at a distance of CL+N= 1.96 A, and four 
oxygen atoms from two oxalate groups on the x- and 
v-axes, their CLI-0 distances being 2.147 A and 
2.327 A. The CL?’ atom lie in the centre of symme- 
try of the so formed comnressed tetragonal bipyr- 
amid’). Its antiferromagnetic behaviour has been 
found in studying the magnetic properties of this 
complex (Tab. V, Fig. 2). This can be ascribed 
only to the interaction of a super-exchange type 
through oxygen atoms of planar oxalate groups, owing 
to the fact that the distance Cu-Cu = 5.539 ii is 
very great for overlapping of d-d orbitals. 

Hathaway and Tomlinson’4 have measured elec- 

(26) D.1. Hathaway and D.E. Billing, Coord. Clmn. Kw., 5, 143 
(1970). 

Ironic spectrum of the single crystallic CU(CZO,),- 
(NH& * 2HzO and the bands about 10.0 kK, 12.5 kK, 
and 14.5 kK have been ascribed to d-d- transitions, 
i.e.: dXE-yz + dZ2, dX, +)d,a and d,,, d,, + dZZ. On the 
other hand, analyzing EPR spectra of this complex 
(polycrystallic sample), the authors27 found that 
gL<g with values, gl = 2.04 and gll = 2.279, which is 
in some contradiction with the structure as well as 
electronic spectrum of this complex. Analyzing EPR 
spectrum of this complex measured by us, three values 
of g-factor have been obtained (Tab. VI), the lowest 
value of g being < 2.04, and (gz-gl) > (grg2) indi- 
cates the presence of the basic state d,l 28-30, which 
agrees with x-ray analysis of this complex. Owing 
to the fact that the investigated dihydrate is relatively 
unstable, it seems that disagreement of the results 
presented with the results quoted in27 is caused by the 
fact that the sample measured by them could be 
already partly dehydrated. 

Comparing the values of g-factors in Ij-Cu(C?O& 
(NH& and dihydrate, it may be stated that by redu- 
cing two water molecules from the dihydrate, Cu-0 
bonds are shortened in the B-CU(CZO~)(NH~)Z. 

The complex compound (NH&Cu( CZO& * 2H20 
pertains to magnetically diluted copper(I1) complexes, 
its value of effective magnetic moment being 1.84 
B.M. which is not practically changed with tempera- 
ture (Tab. V). Dependence of the reversed value of 
the corrected molar magnetic susceptibility on tem- 
perature complies with Curie’s law in the 
form x~‘at C/T. Its EPR spectrum is anisotropic 
with three g-factors (Tab. VI). The lowest value of 
the factor g > 2.04 as well as the fact that (g;-gl) 
< (g3-gZ) indicate the presence of the basic state 
d,z--y’. 

Electronic spectrum of this complex presents a re-- 
latively wide band of d-d transitions of CLI” in the 
region of 14.50 kK. The results presented for (NHJ)L- 
CLI(C:O~)Z * 2HzO agree well with the structure sol- 
ved”. Co-ordinatecl water molecules are in the direc. 
lion of z-axis in an elongated octaeder, and in the x- 
and y-plane there are co-ordinated oxygen atoms of 
oxalate groups. 

The results of J magnitude seem to be surprising 
enough when compared with the Cu-Cu distance 
(Tab. VII). As it is seen, even with the same type of 
bridge-bonded atoms, J. magnitude is higher at greater 
separation of copper-copper. This indicates the 
reality that in the case of exchange interaction of 
super-exchange type an important role is played not 

(27) A.A.G. Tomlinson and B.J. Hathaway, I. C/mu. Sm., A, 2578 
(1968). 

(28) R.C. Sladc, A.A.C. Totnlinson B.I. Hathaway, and D.L. Bit- 
linp, I. Chern. Sot., A, 61 (1968) 

(29) B.J. Hathaway, D.E. Billing, R.J. Dudley, R.J. Fereday, and 
A.A.G. Tomlinson, I. Chem. Sot., A, SO6 (1970). 

(30) R.I. Dudley and B.J. Ilathaway, I. Chcrn. SW., A, 2799 
(1970). 
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Table VI. Spectral data of Cu(CzO,)(NH,), .2H,O and (NHUu(C@& . Z-W. 

Complex g1 % BJ g., R” 

Cu(GO,)(NH,)t .2H,O 2.009 2.145 2.253 2.253 1.26 
(NH,)$u(CzO& .2H,O 2.056 2.079 2.301 2.149 0.104 

* R = &-gl)/(grgz). 

Table VII. Values of J required by the Ising model of some 
linear antiferromagnetics. 

Complex -J/cm-’ Cu.. . CujB. 

Cu(PhCOO)z .3H,O a 8.8 3.15 
CU(GO~)(NH,)I .2H20 11.9 3.539 
a-Cu(CzO,)(NH& 12.3 3.813 
Cu(CHICOO)I(p-toluidine), . S&O a cca 23 4.73 

_- 
a Komson, R.C.; McPhail, k.T.: .Mabbs, F.E., and Porter, J. 
K., 1. Chew Sot. A, 3447 (1071). 

Table VIII. Magnetic Da,ta and Values of Equilibrium Con- 
stants of Cu(C201)(NH,) at various temperatures. 

(-Ax lo6 = 56) 

T/K XIX lo6 &rr B.M. Keq 

88.2 
103.2 
123.2 
143.2 
163.2 
183.2 
203.2 
223.2 
243.2 
263.2 
296.2 

1.85 
2.74 
3.81 
4.66 
5.27 
5.67 
5.91 
5.99 
6.02 
6.00 
5.86 

0.52 
0.67 
0.83 
0.98 
1.11 
1.21 
1.31 
1.38 
1.44 
1.50 
1.57 

0.055 
0.094 
0.153 
0.226 
0.310 
0.400 
0.491 
0.576 
0.661 
0.761 
0.851 

only by bridge groups but also by their geometric 
arrangement. 

In the series of oxalate-copper(I1) complexes we 
have also studied the powder oxalate monoammine 
copper(I1) complex obtained by decomposition of 
Wu(CiOq)(NH3)2. 

Magnetic data of CU(C;O~)(NHS) are given in Tab. 
VIII and Fig. 5. As it is seen from Fig. 5, with in- 
creasing temperature above the value of absolute 
zero, the paramagnetic triplet level enriches to the 
c!ctrimcnt of diamagnelic singlet level, which appears 
in increasing values of magnetic susceptibility with 
the maximum in the range of NCel temperature i.e. 
at 243’K. At further increasing the values of suscep- 
tibility decrease. 

The value of singlet - triplet separation, -2J = 
270 cm-l, obtained in computing from the relation3’: 
2J = 1.6 kTN indicates a very strong antiferroma- 
gnetic interaction. 

Bleaney-Bowers’ relatio$’ has been utilized to 
compute theoretical values of molar susceptibility 

OP XM’ = - 1 
3k-I’ 1+ l/3 exp (2J/kT) 

+ NI* 

in which g is Lande’s factor with the value g = 2.282 
computed by means of the above relation utilizing 

(31) B.N. Figgia and R.L. Martin, I. Cl~em. Sm., A, 3837 (1956). 

Inorganica Chitnica Actn j7:4! December, 1973 

the x~’ value at NCel’s temperature; the meaning of 
the other symbols is evident. As fc seen in Fig. 5 
and Tab. VIII, the experimental values of molar 
susceptibility agree well with theoretical values. 

lCO0. 

900. 

800. 

Pw. 

600. 

5Go. 

400 _ 

s: 
t 

3OOt 

- TM1 x)0 ZOU 300 

Figure 5. The temperature variation of the magnetic suscep- 
tibility (experimental l and calculated 0); and plots of tir 
vs.T of Cu(GO,)(NHI) in the temperature range 90-300 K. 

Equilibrium constants of singlet-triplet separation 
have been computed from magnetic data in tempe- 
rature dependence according to Hatfield et al”. The 
Kes values are quoted in Tab. VIII. Enthalpy value, 
A H’” = 243 cm-‘, and entropy value, A S” = 2.1 
e.u:, have been computed from graphic dependences 
-lnK,,/T-’ and RTlnK,,/T. 

EPR spectrum of this complex at 296 K is iso- 
tropic with g = 2.150, while at 123 K it is aniso- 
tropic where gl = 2.072 and gl, = 2.305. 

Recently Cavalca et al.” solved the structure of 

02) B. Blenncy and K.D. Bowers. Proc. Roy. Sot., A, 214, 451 
(1952). 

(33) W.E. Hatfield. T.S. Piper, and Klabunde, Inorg. Chem., 
2, 629 (1963). 
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Cu(C204)(NH3) obtained by crystallization from so- 
lution, by means of the single crystal method and 
they studied its spectral and magnetic properties. The 
results presented agree well with the results obtained 
by the above mentioned authors. Based on the above, 
it is possible to ascribe to the powdery complex 
compound CU(C,O~)(NH~), obtained by decomposi- 
tion of J3-Cu(GO?)(NH&, a structure similar to the 
crystallic one”. In this polymeric structure there is 
clearly an interaction cf a super-exchange type as 
the distance Cu-Cu = 4.180 A is great to overlap 

d-d orbitals. A primary role in the super-exchange 
interaction of this complex is played clearly by the 
“axial” oxygen atom, and the contribution of planary 
co-ordinated oxalate groups is essentially lower. 
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