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hydrolysis of the complexes are slower than the rate for the 
free ligand. At high pH the rate for the free ligand drops 
sharply while the rates for the complexes remain nearly con- 
stant. 
Discussion 

The yield of the a,y-complex at pH 6.5 has been increased 
fivefold over the yield originally reported3 at pH 3.0. The 
increased yield of the a,y-complex compared to the P,y-com- 
plex is attributed to the different state of protonation of the 
incipient phosphate ligand. The relevant pK value would be 
that for a monodentate y-complex [Co(NH,),(H,O)- 
HP301012-, which is a likely intermediate in the formation of 
either isomer. Although no such complex has been isolated, 
the monodentate complex ~ - C O ( N H ~ ) ~ H ~ P ~ O , ~  has been 
prepared in this laboratory. The highest phosphate pK for this 
complex is 6.7 and should reflect protonation of the terminal 
uncoordinated phosphate.l' Such protonation in the tetra- 
ammine would discourage coordination of the terminal 
phosphate group and favor a formation of the P,y-complex. 
The different yields at pH 6.5 and 3.0 are consistent with the 
pK value determined for the pentaammine. Higher pH values 
might increase still further the relative yield of the a,y-isomer, 
but the absolute yield would fall due to the autoreduction of 
the starting cobalt(II1) complex. 

The values for the apparent equilibrium constant for the 
isomerization of the chelation isomers of the (dihydrogen 
triphosphato)tetraaminecobalt(III) complex reveal that the 
P,y-complex, 1, is the thermodynamically preferred species. 
The thermodynamics are reflected in the yield of each isomer 
in the synthesis (50% 0,~- and 7% a,y-complex). The AGO 
value of 1.6 kcal/mol closely matches values reported for the 
ring-strain energy of other chelating comple~es ."~ '~  As- 
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signment of this free energy change as due to ring strain, 
however, would ignore the different energies of hydration of 
the isomers which would contribute to the difference in free 
energy change between the two triphosphato-metal complexes. 

A positive entropy change is observed for the transformation 
of the P,y-complex, 1, to the a,y-complex, 2. Apparently the 
mobility of the eight-membered ring formed in the a,y-com- 
plex contributes more to the entropy than the mobility of the 
six-membered ring formed in the P,y-complex. A decrease 
in the ordering of solvent molecules in the overall solvation 
shell would be expected to accompany the increased mobility 
of the phosphate ring. The combination of these effects ex- 
plains the entropy increase in the P,y- to a,?-isomerization. 

The mobility of the ring can also effect the degree of ring 
strain experienced by each isomer. Flexing and puckering of 
the ring are accepted as internal factors for decreasing the 
entropy of the ring system and in turn the ring strain of that 
s y ~ t e m . ' ~ , ' ~  Apparently the a,y-complex has a mechanism 
for the partial relief of internal ring strain imposed by the 
formation of an eight-membered chelate ring. 

A large difference in the ring-strain energies between the 
two isomers would certainly be reflected in their rates of 
phosphate hydrolysis. The similarity of the hydrolysis rates 
of the P,y- and a,y-complexes suggests that ring strain is not 
a major contributing factor in determining the rates of hy- 
drolysis. 

Acknowledgment. This research was supported by the 
Research Corp. and by NSF Grant CHE 8024043. We thank 
Professor Grover Everett at the University of Kansas for access 
to NMR instrumentation. 

Registry No. 1, 63915-22-0; 2, 89596-67-8. 

(16) Davidson, R.; Warsop, P. J. Chem. SOC., Faraday Trans. 2 1972, 68, 
1775. 

(17) Gilletti, P. M.S. Thesis, Wichita State University, 1983. 

Contribution from the Department of Chemistry, 
Northern Illinois University, Dekalb, Illinois 601 15 

Magnetic Circular Dichroism Spectra for the Intense UV Bands of the Tetrachloro- and 
Tetrabromoplatinate(I1) Ions 
HUSEYIN ISCI1 and W. ROY MASON* 

Received September 2, 1983 

Electronic absorption and magnetic circular dichroism (MCD) spectra are reported for PtCld2- in acetonitrile solution in 
the UV region from 3.9 to 5.1 Wm-I and in methanol solution from 3.9 to 5.0 Wm-l. Absorption and MCD spectra are 
also reported for PtBr42- in acetonitrile solution from 2.9 to 5.1 pm-l. The two intense bands observed for PtC142- at 4.25 
(shoulder) and 4.41 fim-l in acetonitrile have associated with them negative and positive A terms, respectively. The bands 
observed for PtBr42- at 3.62 and 4.75 pm-' in acetonitrile also exhibit negative and positive A terms, respectively. These 
bands together with some other features are assigned to a combination of ligand-to-metal charge-transfer (LMCT) and 
d - p (5d - 6p on Pt) transitions. Comparisons are made with the spectra of AuC14- and AuBr4-. 

Introduction 
In contrast to the weaker, low-energy ligand field (LF) 

bands, where band assignments seem well e~ tab l i shed ,~ ,~  the 
interpretation of the intense bands in the UV spectra above 
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4.0 pm-' for PtC142- and above 3.0 pm-' for PtBr42- has 
presented difficulties. There has been a lack of agreement as 
to assignment in spite of considerable experimental and the- 
oretical work. Two types of electronic excitation have been 
proposed for these intense bands: allowed d - p transitions 
and ligand-to-metal charge-transfer (LMCT) transitions. The 
former are visualized as excitation from the occupied 5d or- 
bitals of Pt(I1) (labeled b,,(xy), e,(xz, yz),  and al,(z2) in D4,, 
symmetry) to the empty out-of-plane A MO (a2,,), which is 
mainly 6p, (z axis is taken perpendicular to the molecular 
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plane). The latter involves excitation from halide-based M O s  
to the lowest energy empty u* orbital bl,(x2 - y 2 ) ,  which is 
predominantly 5d+,2 on Pt(I1). The LMCT assignments for 
the intense bands of PtC142- and PtBr42- were suggested from 
the energy ordering of C1- > Br- for corresponding bands, from 
their analogy to similar bands in a variety of nd6 hexahalo 
complexe~,~  and from their relative energies compared to 
analogous intense bands at lower energy for the isoelectronic, 
isostructural AuC14-, and AuBr4- ions.5 LMCT bands are 
expected to be sensitive to the metal orbital stability and red 
shift as the metal oxidation state is increased from Pt(I1) to 
Au(II1). Some MO calculations6 also placed LMCT excited 
states lower in energy than d - p states for PtClz-. The same 
conclusion was reached on the basis of the photolysis behavior 
of PtCl:-.' Photolysis at 1849 A (5.4 pm-') was interpreted 
as producing photoelectrons via a d - p excitation while 
photolysis at lower energy led to photohydrolysis via population 
of the u* bl,(x2 - y 2 )  orbital by LMCT and LF transitions. 
The assignment of the intense band at 4.6 pm-' to a d - p 
process was first made by Chatt, Gamlen, and Orgel* and was 
later supported by extended Huckel M O  ca lc~la t ions .~  
Credibility was also given to the d - p process in planar Pt(1I) 
complexes by the magnetic circular dichroism (MCD) spec- 
trum in the region of an intense band at  5.1 pm-l for the 
Pt(NH3)42+ ion.1° A positive A term" was observed, which 
is required by the e,(xz, yz) - a,,(p,) transition. Some po- 
larized reflection spectra for single crystals of K2F'tC14 showed 
the intense band at  4.6 pm-l to be strongly out-of-plane (I) 
polarized.I2 This result was interpreted by a al,(z2) - a,,(p,) 
assignment, which gives rise to a z-polarized 'A2, excited state. 
Further, some MCD measurements for PtC1:- in 0.5 M HCl 
showed an apparent negative B term for the 4.6-pm-I maxi- 
mum and a weaker negative A term for the lower energy 
shoulder at 4.3 p~n-'.'~ These results were interpreted as 
indicating both a nondegenerate d - p transition presumably 
al,(z2) - a,,(p,) (for the 4.6-pm-' band) and a degenerate 
C1- T - bl,(x2 - y 2 )  LMCT transition (for the 4.3-pm-' 
shoulder). Also, studies of polarized crystal spectra for 
K2F'tBr4 showed that the intense-band region was substantially 
different from that for the PtC142- ion, even though there was 
a close parallel between the LF bands of PtC1:- and PtBr42-.3 
The intense bands for PtBr42- were assigned to a combination 
of d - p and LMCT, while those for PtC142- were ascribed 
to d - p. Finally, a systematic examination of the spectra 
of the complexes PtC14-,(H,0),"2 ( n  = 0-4) showed a blue 
shift for the intense bands as C1- was replaced by H20,  which 
was interpreted as evidence for a d - p proce~s . '~  

Since we recently considered the LMCT spectra for AuCl, 
and AuBr4- in some detail,15 we were naturally prompted to 
reexamine the intense bands of PtC1:- and PtBr42-. We have 
measured and report herein the MCD spectrum of the tetra- 
n-butylammonium (TBA) salt of PtC142- at 7 T in acetonitrile 
to 5.1 pm-' and in methanol to 5.0 pm-' and have extended 
MCD measurements to (TBA)2[PtBr4] in acetonitrile. The 
MCD spectrum of PtBr42- has not been reported previously. 
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Figure 1. MCD (upper curve) and absorption (lower curve) spectra 
for (TBA),[PtCl], in  acetonitrile solution. 

Table 1. Spectral Data 

MCD 
band u ,  pm - I  u,  pm-' 
no! ( c ,  W '  cm-' ) (AcM,  M-' cm-' T-' ) ewited states 

- absorption - 
- 

V 

VI 

V 

VI 

IV 

V 

VI 

VI I 

(TBA), [PtCl, 1 in CH,CN 
1.15 ( + 1 . 7 1 )  

4 .25 (9400Ib c 4.24 ( 0 )  

4.41 ( 1 3  100) c 4.50  ( 0 )  
4.36 (-3.83) 

4 .63 ( + 1 . 5 2 )  
5.00 (-2.57) 

4 .24 (+1 .45)  

I 
I (TBA), [PtCI, ] in CH,OH 

4.38 (8600)  c 4.42 ( 0 )  

4.63 (9400)  c 4.73 ( 0 )  
4.59 (-3.91)  

4 .79  (1-0.86) 
4 .93 (-0.54)  

3.28 (+0.35Ib 
3.54 (+ 1.40)  

4 .22 (-2.84Ib 

(TBA), [PtBr,]  in CH,CN 
3.35 (3600Ib 

3.62 (8200) c 3.72 ( 0 )  
4.80 1-0.3 1) 

4.67 (-5.5) 

{ 
4.83 (+1 .27)  

4 .97 (55 500) 4 .98  (-6.4) 

211, + 71<, 

81<, 

see text 

21 u t  71 

81 u 

see text 

LI.' bands also observed for PtCI,'. in CH,CN: I,  2.03 118); 11, 
2.49 (59);  111, 295 (71);1V, 3.75 (450) .b In CH,OH: I ,  205 (16) ;  
11, 2.54 (58);  111, 2.98 (66);  IV, 3.80 (450) .b I'or PtBr,Z- in 
CH,CN: I ,  2.33 (126);  11, 2.70 il 83):b I l l ,  3.05 1720) .b  

Shoulder. A term. 

The solutions of acetonitrile or methanol solvents are stable 
toward solvolysis and, therefore, did not require excess added 
halide. The absence of added halide allowed greater pene- 
tration into the UV region than possible with aqueous solutions 
containing halide for hydrolysis suppression. 
Experimental Section 

Tetra-n-butylammonium tetrachloroplatinate(II) ,  [(n- 
C4H9),Nl2[PtCI4], and tetra-n-butylammonium tetrabromo- 
platinate(II), [(n-C,H,),N],[PtBr,], were prepared according to the 
literat~re;~ they gave good elemental analyses, and their electronic 
spectra in acetonitrile were the same as reported 
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Figure 2. MCD (upper curve) and absorption (lower curves) spectra 
for (TBA)*[PtBr,] in acetonitrile solution. 

Spectral grade solvents were used throughout. Absorption spectra 
were obtained with a Cary 1501 spectrophotometer. Simultaneous 
MCD and absorption spectra along the same light path were obtained 
with a computer-controlled spectrometer described elsewhere." The 
MCD spectra were measured at 7 T with a superconducting magnet 
system (Oxford Instruments SM2-7, fitted with a room-temperature 
bore). 
Results and Discussion 

Absorption and MCD Spectra. Absorption and MCD 
spectra for (TBA),[PtX,] (X = C1- and Br-) in acetonitrile 
solution are presented in Figures 1 and 2. Detailed spectral 
data are summarized in Table I, along with data for 
(TBA),[PtCl,] in methanol solution. Beer's law was obeyed 
within experimential error, and there was no evidence of 
spectral changes due to solvolysis during the time required for 
the measurements (typically 0.5 h). The energy and absorp- 
tivity of the LF bands observed for each complex (see footnote 
a, Table I) compare favorably with previous s t ~ d i e s . ~ * ~ , ' J ~  

A comparison of the present 7-T MCD results for PtCl,*- 
in acetonitrile and methanol with the earlier MCD measure- 
m e n t ~ ~ ~  for 0.5 M aqueous HC1 solutions shows similarity in 
the spectra below the energy of band VI (4.6 pm-l). However 
above the energy of band VI the present results reveal a clear 
positive AcM maximum and an additional negative feature at 
higher energy in both acetonitrile and methanol. The earlier 
meas~rements '~  show only a return of AcM to zero at  -4.9 
pm-l. It is possible that the 0.5 M Cl- in the solution interfered 
at  higher energy. The new MCD spectra now suggest two 
overlapping A terms of opposite sign: the lower energy term, 
associated with band V, being negative and the higher energy 
term, associated with band VI, being positive. Although the 
MCD spectra are complicated by the presence of B terms 
(positive for band V and negative for band VI, a moment 
analysis" of the spectra revealed substantial A terms of op- 
posite sign. The quantitative reliability of the moments and 

(16) An error was made in the absorptivity of (TBA) [RCl4] in acetonitrile 
for the 4.4-pm-l maximum reported previously! The correct value is 
half the value reported or 13 100 M-' cm-I. 

(17) Mason, W. R. Anal. Chem. 1982, 54, 646. 
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Figure 3. Abreviated molecular orbital diagram showing MO's that 
will give rise to allowed excited states for LMCT and d - p transitions 
(see Table 11). 

Table 11. Excited States for LMCT and d -+ p Transitions 

no 
excited spin-orbit spin-orbit A term 

configna coupling statesb sign 

LMCT 

I3lled orbitals omitted. 1:orbidden states omitted. o-n 
mixing required in one-center approximation (see text). 

the AI and Bo parameters derived from them is not very high, 
however, because of the large degree of overlap between the 
two MCD features. 

Although they are unsymmetrical in both cases due to the 
presence of B terms, the MCD spectrum for (TBA),[PtBr,] 
in acetonitrile (Figure 2) shows negative and positive A terms 
for bands V and VI at  3.62 and 4.75 pm-', respectively. Band 
IV, which appears as a shoulder at 3.35 pm-l on the low-energy 
side of band V, has a corresponding shoulder in the MCD and 
is probably due to a positive B term. For band VI1 at 4.97 
pm-', the term assignment is inconclusive because of the 
spectral limits of the measurements. 

Excited States and MCD Terms. In order to interpret the 
absorption and MCD spectra for the D4h PtX," ions, an ab- 
breviated one-electron MO energy level diagram that will be 
helpful in visualizing both the LMCT and d - p transitions 
is given in Figure 3. The highest occupied level is b,,(xy) 
so that the ground state for these diamagnetic ions is totally 
symmetric 'Alg. Electric dipole selection rules for D4h dictate 
that only transitions to A,, (z-polarized) and E, (xy-polarized) 
excited states are allowed; the former gives rise only to B terms 
in the MCD, while the latter can exhibit both A and B terms 
(C terms will be absent because of the diamagnetic ground 
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state). The sign and magnitude of the MCD terms are, of 
course, dependent upon the origin of the excited states. Table 
I1 presents the LMCT and d - p excited configurations ex- 
pected to be of lowest energy, together with the singlet and 
triplet excited states that can lead to A,, or E,, spin-orbit states. 
For the LMCT states, spin-orbit coupling is due to the halide 
ligands (c3pcI = 0.059 pm-', E4 Br = 0.246 pm-I) and will be 
more important for PtBr:-, &ut for the d - p states, Pt 
spin-orbit coupling is the important factor (tSd N 0.40 pm-I). 
The MCD A terms for the various E,G) states are given in 
terms of the A I  parameter by eq 1," where L, and S,  are 

AI = i(E,o')xlLz + 2SzIE,G)Y)~o('E,) (1) 

z-component orbital and spin angular momentum operators 
and Do(lE,) = 13-'/2('AIg(mJ1EU)~2, is the dipole strength of 
a fully allowed 'Al, - 'E, transition. While the exact 
magnitude of A ,  cannot usually be calculated reliably from 
eq 1, the sign of the A term can be determined from the 
angular momentum matrix element since Do('E,) will always 
be positive. The angular momentum matrix element can be 
evaluated in the standard way by approximating the MO's 
involved by pure atomic orbitals (5d and 6p on Pt and 3p or 
4p on the halide) and retaining only one-centered integrals. 
The signs of the A terms expected for the various LMCT and 
d - p E, states are included in Table 11. It should be noted, 
however, that the one-center approximation for the LMCT 
states involving le, (a u MO) and 2e, (a a MO) requires 
nonzero intermixing of these two orbitals ( a-a mixing); oth- 
erwise the angular momentum matrix elements reduce to only 
two-centered integrals, which are expected to be -0. Also 
the relative magnitudes of the A terms for the 2E, and 3E, 
a-LMCT states, respectively, compared to the 5E, and 6E, 
a-LMCT states are dependent upon the extent of the a-a 
mixing, with the a-LMCT A terms predicted to be smaller 
than the a-LMCT A terms (see ref 15 for details). The d - 
p states are symmetry analogous to the metal-to-ligand 
charge-transfer (MLCT) states of Pt(CN)42- and related D4,, 
complexes containing a-acceptor type ligands that feature an 
empty, low-energy orbital of a?, symmetry. Therefore, the 
results of the A sign determination for the d - p states using 
eq 1 will be exactly the same as for the MLCT states of 
Pt(CN)t- reported previo~s ly . '~~ '~  Unfortunately the B terms 
for the A*, and E, LMCT and d - p states cannot be cal- 
culated in a general way, because they involve a summation 
of terms over all other A2, and E, states of the molecule and 
the summation is sensitive to the energy ordering of each 
individual state." 

Spectral Assignments. The interpretation of the absorption 
of MCD spectra for the PtX:- ions is based on the foregoing 
characteristics of the LMCT and d - p states and is based 
on spectral comparison with our previous results for the AuX4- 
ions.15 Excited-state assignments keyed to the notation of 
Table I1 are summarized in Table I for each band. The 
rationale for these assignments is discussed each in turn. 

PtCld2-. The MCD spectrum for PtC142- in the region of 
bands V and VI is significantly different from the lowest 
energy intense LMCT band system of AuC14-. This difference 
signals the presence of one or more different transitions for 
the two ions. Therefore, band VI for PtC142- is assigned to 
the d - p transition to 8E, on the basis of its intensity and 
positive A term. A LMCT assignment of this band can be 
excluded because the positive A term and the band intensity 
would be consistent only with the a-LMCT transition to 5E,. 
Analogous LMCT transitions in octahedral complexes gen- 
erally blue shift 1.0-1.2 pm-l as the metal oxidation state is 
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changed by -l.4320 Since the a-LMCT to 5E, is observed at 
4.4 pm-' for AuC1,- in acetonitrile, this transition should be 
well over 5.4 pm-' for PtC1,2-. Band V for PtCl,,- however 
is 1.1 pm-' higher in energy than the a-LMCT to 2E, observed 
at 3.1 pm-I for AuC1,- in acetonitrile. The observed negative 
A term is expected if there is significant a-a mixing between 
the le, and 2e, 0rbita1s.I~ The assignment of band V to 2E, 
raises the question of the location of the transition to the 
allowed LMCT to 1A2,, which is expected at slightly lower 
energy. The transition to lA2, although of singlet parentage, 
is an n - a* transition (b, is nonbonding) and is predicted 
to be weak.15 Such a transition could reasonably be obscured 
by the more intense absorption of bands V and VI and the 
associated B term obscured by the stronger A term of band 
V. 

The unequivocal assignment of band V to the a-LMCT 
transition to 2E, is complicated by the prediction of a negative 
A term for the d - p transition to 7E, (3Bl,) also. The 7E, 
state is likely to be at lower energy than 8E, since the ordering 
of the occupied orbitals is known to be b2&xy) > e,(xz, yz) 
from LF spectra., Even though 7E, is of triplet parentage, 
the transition could gain intensity via Pt spin-orbit coupling 
with 8E,, which is of singlet parentage and close in energy. 
There is also a significant solvent shift (0.18-0.22 pm-' to 
higher energy, see Table I) for both bands V and VI as the 
solvent is changed from acetonitrile to methanol (a similar 
solvent shift has been reported by others7). Such a solvent shift 
is more easily explained for d - p transitions than for LMCT 
because the acceptor 2a2, orbital is more exposed to solvent 
interaction than the halide-based a- and a-bonding orbitals 
or the bl,(x2 - y2) a* orbital. Very little solvent shift is 
observed for the LMCT bands of AuX4- for example.21 
Clearly the assignment of band V to the d - p transition to 
7E, cannot be excluded, nor can an unresolved combination 
of transitions to both the a-LMCT 2E, state and the d - p 
7E, state, though we favor the a-LMCT assignment on the 
basis of the band position argument in comparision with 

Finally, a negative MCD feature is observed at high energy 
in both acetonitrile and methanol, but no corresponding ab- 
sorption band is clear. The term assignment and the origin 
of this feature are not known, but it is probably associated with 
the higher energy band system (5.2-5.4 pm-I) reported using 
very short-path cellse7 This band may be the high-energy 
a-LMCT transition to 5E,, and the negative feature observed 
in the MCD may be the negative low-energy portion of the 
positive A term. 

PtBr?-. In the PtBr2- spectrum, band V is found 0.58 pm-' 
to lower energy than band V for PtC142- in acetonitrile. This 
red shift is nearly the same as observed for the a-LMCT to 
2E, between AuBr4- and AuC1,- in the same solvent (0.56 
pm-I).Is The assignment of band V for PtBr4,- to the a- 
LMCT to 2E, is thus logical. The weaker low-energy shoulder 
on this band (band IV) is assigned as the LMCT transition 
to 1A2,; the corresponding shoulder in the MCD would then 
be due to a positive B term analogous to that observed for lAzu 
for AuBr4-.I5 

The assignment of the high-energy bands for PtBr4,- (bands 
VI and VII) is more difficult because there are several pos- 
sibilities that cannot be distinguished unambiguously from the 
present results. First, the u-LMCT transition of singlet 
parentage to 5E, in AuBr,- is observed 1.38 pm-' higher in 
energy than the a-LMCT to 2E,, and the band has a high 
absorptivity ( e  = 52 500). This pattern is typical of LMCT 
observed for octahedral complexes: the a-LMCT is 1 .O-1.5 
pm-' to higher energy and is more intense than the a- 

AuX~-.  
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LMCT.420 If a comparable separation is applicable to PtBr:-, 
then either band VI or band VI1 (1.13 and 1.35 pm-l, re- 
spectively, higher than band v )  could be assigned to the a- 
LMCT, with the absorptivity quite comparable to that of 
AuBr4-. Second, the d - p transition to 8E,, being a met- 
al-atom-localized transition, is not expected to exhibit a strong 
shift, as C1- is replaced by Br- so that band VI at 4.75 pm-' 
could reasonably be assigned to this transition. Finally, the 
Br- ion exhibits strong absorption bands in this energy region 
in acetonitrile that have been assigned to charge transfer to 
solvent (CTTS), and the lowest energy CTTS transitions are 
characterized by positive A terms in the MCDOZ2 It is likely 
that coordinated Br- will also exhibit such transitions. Thus, 
the observed positive A term for band VI of PtBr,2- (the term 
assignment for band VI1 is not possible from the present data) 
is consistent with any of these possibilities. Because they would 
be internally consistent with the other assignments presented 
here for PtC14Z- and previously for AuX4-,l5 we assign band 
VI as the unresolved combination of the a-LMCT to 5E,, the 
d - p transition to 8E,, and band VI1 as Br- CTTS. The 
shoulder observed in the MCD at 4.22 I.cm-', which has no 
corresponding band in the absorption spectrum, is then as- 
signed to the d - p transition to 7E, and the a-LMCT 
transitions to 6E,, and 3A2,. The A term for band VI renders 
the term assignment(s) for these transitions obscure. 

(22) El-Kourashy, A.-G.; Grinter, R J. Chem. Soc., Faraday Trans. 2 1977, 
73, 1050. 

Conclusions. The assignment of the intense bands in the 
PtX2- ions to both d - p and LMCT transitions is consistent 
with the present results. Thus, the PtX2- spectra can be 
visualized as resulting from the blue shift of LMCT transitions 
accompanied by the red shift of d - p transitions from AuX,. 
Both shifts are consonant with the expected changes in orbital 
stability as the oxidation state is changed from Au(II1) to 
Pt(I1). 

The negative A terms for the s-LMCT transitions to 2E, 
are clear in the MCD spectra of the PtX,Z- ions, but they are 
obscured by B terms in the MCD spectra of AuX4-. This 
indicates a greater relative magnitude of these A terms for 
Pt(I1) than for AuCIII). This together with the greater relative 
intensity for the s-LMCT transitions compared to the a- 
LMCT observed for PtBr4Z- compared to AuBr4- can be at- 
tributed to greater a-s mixing of the le, and 2e, halide or- 
bitals. Stronger mixing might be expected if there is a smaller 
energy difference between these orbitals in the Pt(I1) complex 
compared to the Au(II1) complex. An analogous trend was 
noted earlier from some comparisons among several octahedral 
halo complexesZo and was interpreted as an enhancement of 
c donation over a donation as the metal oxidation state was 
increased. 
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The structures and energies of LiNHz dimers and trimers were investigated by ab initio and semiempirical (MNDO) molecular 
orbital theory. In agreement with X-ray structure results on derivatives, (LiNH2)2 and (LiNH2)3 prefer symmetrical D2,, 
and D3h geometries (4 and 5, respectively), with all hydrogen atoms perpendicular to the planar heavy-atom rings. The 
LiNH2 dimerization (-62.5 kcal/mol) and trimerization (about -120 kcal/mol) energies are at least as large as the related 
values for LiOH and LiF. The LiCH, dimerization and trimerization energies are much smaller. Since these association 
energies generally follow electronegativity trends, specific nitrogen lone pair-lithium interactions are indicated in 4 and 
5. When all NH2 groups are rotated by 90°, these interactions are lost and the resulting isomers, 8 and 9, are much less 
stable. Further energetic relationships and the nature of lithium bonding are discussed. 

Introduction 

Association is a principal characteristic of lithium com- 
The energies involved are very large, and aggre- 

gated species, rather than monomers, are typical. While this 
paper is concerned with oligomers of LiNH2, the simple al- 
kyllithiums are the best known examples. Thus, methyllithium 
is a tetramer, (CH3Li)4, in ether  solvent^,^.^ in the crystal,' 
and even in the gas phase.6 The association energy is not 

(1) (a) City University of New York. (b) Fricdrich-Alexander-Universitat 
Erlangen-NUrnberg. (c) Universitit Heidelberg. 

(2) Wakefield, B. J. "The Chemistry of Organolithium Compounds"; Per- 
gamon Press: Oxford, 1974. 

(3) Lappert, M. F.; Power, P. P.; Sanger, A. R.; Srivastava, R. C. "Metal 
and Metalloid Amides"; Wiley: New York, 1980. 

(4) Wardell, J. L. In "Comprehensive Organometallic Chemistry"; Wil- 
kinson, G., Stone, G. A., Abel, E. W., Eds.; Pergamon Press: Oxford, 
1982; Vol. 1, p 43 ff. 

( 5 )  Weiss, E.; Hencken, G. J. Organomet. Chem. 1970, 21, 265. Kbter, 
H.; Thoennes, D.; Weiss, E. Ibid. 1978, 160, 1. 

known experimentally, but values (kcal/mol) for the formation 
of the dimer (42), trimer (82), tetramer (128), and higher 
oligomers are available from a number of  calculation^.^ 
Gas-phase association energies for (LiF)2 (61.4 f 8 kcal/mol), 
for (LiF)3 (116.8 f 12 kcal/mol), and for (LiOH)2 (62.4 f 

(6 )  Chinn, J. W., Jr.; Lagow, R. J. Organometallics 1984,3,75. Landro, 
F. J.; Gurak. J. A.; Chinn. J .  W.. Jr.; Lagow. R. J. J. Orpanomet. - - 
Chem., in press. 
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Kaufmann, E.; Clark, T.; Schleyer, P. v. R., to be submitted for pub- 
lication. For other studies, see: Cowley, A. H.; White, W. D. J. Am. 
Chem. Soc. 1969, 91, 34. Baird, N. C.; Barr, R. F.; Datta, R. K. J. 
Organomet. Chem. 1973,59, 65 .  Guest, M. F.; Hillier, I. H.; Saunders, 
V. R. Ibid. 1972.44, 59. McLean, W.; Pedersen, L. G.; Jarnagin, R. 
C. J. Chem. Phys. 1976,65, 2491. Clark, T.; Schleyer, P. v. R.; Pople, 
J. A. J.  Chem. Soc., Chem. Commun. 1978,137. McLean, W.; Schultz, 
J. A.; Pedersen, L. G.; Jamagin, R. C. J.  Organomer. Chem. 1979,175, 
1. Clark, T.; Chandrasekhar, J.; Schleyer, P. v. R. J. Chem. Soc., Chem. 
Commun. 1980,672. Graham, G.; Richtsmeier, S.; Dixon, D. A. J. Am. 
Chem. Soc. 1980, 102, 5759. Her& L.; Howell, J. M.; Sapse, A.-M.; 
Singman, E.; Snyder, G. J. Chem. Phys. 1982, 77, 429. 
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