CORRESPONDENCE

Cu(2,7-dimethyl-1,8-naphthyridine),C10, (A).—A
solution of 0.14 g of cupric perchlorate hexahydrate in
40 ml of absolute methanol and 10 ml of 2,2’-dimethoxy-
propane was refluxed for 6 hr, and 0.158 g of dmNN
was added. The solution was then refluxed for 18 hr
more, and the resultant brown solution was permitted
to cool slowly. The brown needles were collected by
filtration, washed with chloroform, and dried over
calcium chloride. The compound could be recrystal-
lized from methanol or nitromethane. This prep-
aration is essentially that given in ref 1 for Cu(dmNN)s-
(Cl0y)2. Anal. Caled for Cu(CypHipN3):ClOs: Cu,
13.25; C, 50.11; H, 4.21; ClOy~, 20.75. Found:
Cu, 12.98; C, 50.20; H, 4.25; Cl0,~, 20.69.

Cu;(NN)Cl, and Cu,(dmNN)Cl,.—To a solution of
0.198 g of CuCl in 40 ml of warm acetonitrile 0.065 g
of NN or 0.079 g of dmNN in 10 ml of acetonitrile was
added. The product precipitated immediately and
was filtered, washed with absolute methanol, and air-
dried. No suitable solvent was found for recrystal-
lization. Air oxidation during the preparation oc-
curred with these compounds, but pure products could be
obtained easily by carrying out the synthesis under
dry nitrogen. Anal. Caled for Cus(CsHgN,)Cly:  Cu,
38.73; C, 29.28; H, 1.85. Found: Cu, 3883; C,

20.36; H, 1.62. Caled for Cu(CioHioN2)Cly: Cu,
35.68; C,33.72; H,2.83. Found: Cu,35.39; C,34.45;
H, 2.85.

Analyses.—Carbon and hydrogen analyses were
performed by Chemalytics, Inc., Tempe, Ariz. Copper
was determined volumetrically either by iodometry
or with EDTA after oxidation to the 24 state. ClO;~
was determined by passing the sample through a cation
exchanger in H* ion form and titrating the resultant
acid solution with standard NaOH.

Magnetic Measurements.—Magnetic susceptibilities
were determined by the Gouy method using an ap-
paratus which has been described elsewhere.?

Spectra.—Infrared spectra were taken of pressed
KBr disks using a Beckman IR-20 infrared spectrom-
eter. Visible and uv spectra were taken on a Cary
14 recording spectrophotometer.

(3) C. C. Houk and K. Emerson, J. Inorg. Nucl. Chem., 80, 1493 (1968).

A. EMAD
K. EMERSON*

CHEMISTRY DEPARTMENT
MONTANA STATE UNIVERSITY
BozemaN, MoNTANA 59715

RecErvep NoveEMBER 10, 1971

Magnetic Exchange in Transition Metal
Complexes. VIII.: Molecular Field Theory
of Intercluster Interactions in Transition

Metal Cluster Complexes
Sir:

The principal reason for the current interest in the
magnetic properties of transition metal cluster com-
plexes? is the fact that exchange coupling between un-

(1) Part VII: M. E. Lines, A. P. Ginsberg, R. L. Martin, and R. C.
Sherwood, J. Chem. Phys., 87, 1 (1972).

(2) For reviewssee (a) A. P. Ginsberg, Inorg. Chim. Acta Rev., B, 45 (1971);
(b) R. L. Martin in “New Pathways in Inorganic Chemistry,” E. A, V.

Ebsworth, A. G. Maddock, and A. G. Sharpe, Ed., Cambridge University
Press, London, 1968, Chapter 9.
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paired spins on the metal atoms is predominantly an
intracluster effect. In the case of orbital-singlet
ground-state clusters this makes possible an exact so-
lution of the cluster susceptibility problem and the
derivation of reliable exchange integrals from experi-
mental susceptibility vs. temperature data. However,
recent experimental results®—¢ have made it clear that
under certain conditions intercluster interactions can
have a significant effect at temperatures below about
50°K. Important intercluster effects occur in com-
plexes with weak ferromagnetic intracluster exchange.
These clusters, in their spin aligned states, couple col-
lectively and thus change the form of the cluster sus-
ceptibility curve in the low-temperature region. Since
the low-temperature part of the curve may be important
in obtaining a reliable value for the intracluster ex-
change integral, it is necessary to take account of the
intercluster exchange in the theoretical susceptibility
equation.

The effect of intercluster exchange has been included
in the cluster susceptibility equation by introducing
an empirical Weiss constant.?=% Thus, if the suscepti-
bility per gram atom, xa’, of an #-atom cluster is writ-
ten in the general form

;L NgZBZ
XA = T

where F(J,T), defined in the next section, is a function
of the exchange integrals and the temperature, inter-
cluster exchange is represented by replacing T with
T — 6 in the factor Ng?82/nk7. In the present note
we derive the correction for intercluster exchange in
the molecular field approximation. The correction is
temperature dependent, but it is found that for weak
intercluster interactions, such as have so far been ob-
served, the procedure of replacing 7"by T — 4 is ade-
quate.

In the absence of intercluster coupling, the isotropic
exchange Hamiltonian for an #-atom cluster in an ex-
ternal magnetic field A along the 2z direction may be
written

F(J,T) (1)

n "
¥ = (E p>) —2.71,-51-3\,) — gBHS: 2)
i=1 =i

J 4y is the exchange integral for the interaction between
the metal atoms with spin operators §; and §,; 57 is the
operator for the 2 component of total cluster spin. To
include intercluster exchange we add to (2) the term
—22'J ’3'1-3,, where J’ is the effective intercluster ex-
change integral and 2’ is the cluster lattice coordination
number. ' The molecular field approximation allows
us to write

88 = 387 (3)

The Hamiltonian including intercluster exchange in the
molecular-field approximation is therefore

n ”
PR A A A
3 = (Z > —2]1,si-s,> — gBHS® — 22/ J'54(8%  (4)
i=1 >4
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Symbolize the eigenvalues of (2) in zero fleld by
Ey(S,Ms), where Mg are the eigenvalues of S%. The
eigenvalues of (4) may now be written

E(S,Ms) = Eo(S,Ms) — gBHMs — 22’7 M(S%) (5)

The expectation value of the z component of total clus-
ter spin is defined by

($) = LT M ESMMPE (@
S Ms

where PF is the partition function

PF = ; %: e—Eu(S,le)/kT (7)
Mg

and the index S runs over all allowed values of total
spin including any remaining degeneracy. By ex-
panding the exponentials ef?#Ms/¥T and o257/ Ms(S9/kT,
neglecting terms beyond the second, we obtain from
(6) an implicit equation in ($%) which is easily solved to
give

(8% = gBHF(J,T)/ kT — 22/ J'F(J,T)] (8)
where

FU,T) = T3 Mste~ B(S:MS/RT /pR (9)
S Ms

The susceptibility equation follows as
xs' = Ng®F(J,T)/nlkT — 22/ T'F(J,T)] (10)

Comparison of eq 10 with the 7° — 6 form of eq 1
shows that

6 = 22/ Tk~F(J,T) (11)

The correction 4 therefore has a temperature depen-
dence determined by F(J,T) for the cluster. Numeri-
cal calculations with F(J,7) for several different clusters
show that so long as z'J’ << J, the approximation of
taking 6 to be a constant is satisfactory. To illustrate
this we compare in Table I the least-squares best-fit

TABLE I
CoMPARISON OF LEAST-SQUARES BEST-FIT PARAMETERS
FOR SUSCEPTIBILITY #S. TEMPERATURE DATA®
A B

Compound8? g J,°K 8, °K g J,°K Z'J’, °K
[Nizlen)s(SCNR|I; 2.140 7.6 —2.0 2.14 7.2 —0.51
[Nig(en ), Cly] Clp 2.15 13.3 —2.2 2.14 13.8 =0.54

¢ (A) Assuming constant § and (B) from eq 10. ° The value
in ref 6 is slightly different because an error in the diamagnetic
susceptibility correction gave xa’ values uniformly low by 50 X
10—¢ cm® g-atom™?; this has been corrected in ref 7.

parameters for the susceptibility vs. temperature (1.5-
208°K) data of [Niy(en),(SCN);]I, and [Nix(en).-
CL]Cl, obtained (A) on the assumption of constant
6 and (B) from eq 10.7

(7) A. P. Ginsberg, R. L. Martin, R. W. Brookes, and R. C. Sherwood,
Inorg. Chem.,in press.
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Pressure Effects on the Ligand-Field Spectra
of Nickel(II) and Cobalt(Il) Five-Coordinate
Complexes of the Type ML;X,!

Sir:

Recently,? the effects of high external pressures on
the ligand-field spectra of some five-coordinate Ni(II)
complexes involving tetradentate, tridentate, and bi-
dentate ligands were investigated. It was found that
the spectra of the complexes with trigonal-bipyramidal
(TBP) structures were much more sensitive to pressure
than those having the square-pyramidal (SqPy) struc-
tures. For (;, symmetry the low-energy band (»),
corresponding to the transition 'A; — a’E, shifted to-
ward higher energy, and in many cases the band be-
came more symmetrical with increasing pressure. The
technique was suggested as a means of distinguishing
between TBP and SqPy structures.

Pressure effects of related five-coordinate complexes
involving monodenate ligands have not been studied.
This paper reports on such a study made with six
Ni(II) and two Co(II) complexes. Table I summarizes

TABLE I
PrESSURE DEPENDENCE OF ML;X; CoMPOUNDS
dv/dp,

Complex Structure by X-ray data cm ~t/kbar
Ni(Me;P );Bre Distorted,* TBP--SqPy? 19
Ni{Me;P )31z Undetermined® 35
Ni(Ph,PH);Cly Distorted, TBP-8SqPy* 29

Ni(PhPH);Bry Distorted, TBP-8SqPy? 27, 297

Ni(Ph,PH);1, Distorted, TBP-SqPy*¢ 17,2 277
Ni(Ph,PMe);(CN). Distorted, TBP-SqPy? 20
Co(Ph,PH );Br, Distorted, TBP-SqPy¢ 8
Co(PhyPH );1. Distorted, TBP-SqPy¢ 23

¢ Determined from visible absorption studies. ® B. B. Chas-

tain, D. W. Meek, E. Billig, J. E. Hix, and H. B. Gray, Inorg.
Chem., 7, 2412 (1968). ¢ Unpublished infrared data supports
TBP structure.® ¢J. A Bertrand and D. L. Plymale, Inorg.
Chem., 5, 879 (1966). ¢ High-frequency peak. / Low-fre-
quency peak. ¢ J. K. Stalick and J. A. Iters, Inorg. Chem., 8,
1084 (1969).

the pressure dependences of several ML;X, complexes,
where M = Ni(II), Co(Il); L = Me;P, Ph,PH, Ph,-
PCH;; and X = Cl, Br, I, CN. The results are com-
pared with structural determinations made by X-ray
measurements. For all pressure dependences which
range from 8 to 29 cm~!/kbar a distorted TBP-SqPy
structure has been determined. The complex Ni-
(Me;P).ol: is observed to show a high pressure depen-
dence of 35 cm~!/kbar. The structure of this complex
is unknown. Based on previous measurements,? we
would suggest a TBP structure for the complex. Un-
published ambient pressure infrared data® appear to
confirm this. This would preclude the possibility of
conversion to a TBP structure occurring with pressure
for this complex. Table II tabulates the dv/dp values
for several five-coordinate nickel(II) complexes in-
volving ligands varying from a tetradentate to a mono-
dentate type. It may be observed that a general trend
exists and that the highest pressure dependences are
observed for a complex involving a TBP structure with

(1) Based on work performed under auspices of U. S. Atomic Energy
Commission.

(2) J. R. Ferraro, D. W. Meek, E. C. Siwiee, and A. Quattrochi, J. Awmer.

Chem. Soc., 98, 3862 (1971).
(3) K. Nakamoto, ¢t al., unpublished data.



