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creased much more than others. This provides a 
means of detecting the presence of poorly resolved 
components in favorable cases. 

The CD curve of (+)j&- [Co(en)~pic](C104)~ (Fig. 7) 
shows three peaks (+, -, $1 in the region of the high- 
frequency absorption band. This further supports 
the assumption that the same splitting pattern applies 
to complexes of this general type, even if no optically 
active ligand is present. The CD curve in the low- 
frequency region is strikingly similar t o  that of the 
(+)E& glycine complex (Fig. 1). 

The spiral pattern of the chelate rings in the com- 
plexes reported here is similar to that for [Co(en)3I3+. 
If one considers the symmetry to be lowered from 

level is split into the lE and 'A.2 (D3) levels. Further 
lowering of the symmetry to C1 by replacing one nitro- 
gen by an oxygen in [Co(en)2aal2+ removes the de- 
generacy to give three A levels. Polarized absorption 
spectralZ and CD studies13 of [Co(en)3J3+ showed that 
the A:! peak is very close to the E peak. Mason's 
data for (+)546-[(Co(en)3I3+ in solution and in the solid 
have shown that the positive CD peak is lA1 + lE 

[co("a)6]3+ ( o h )  to [Co(en)3l3+ (D3), the TI, (Oh) 

(12) S. Yamada and R. Tsuchida, Bull. Chem. Soc. J a p a n ,  33,  98 (1960). 
(13) A. J. McCaffery and S. F. Mason, Mol. Phys., 6, 359 (1963). 

and the negative peak is IA1 + lA2. It is expected 
that for [Co(en),aaIz+ the two components split out of 
the E level should have the same sign,14 which should 
be opposite to that of the third component. Since the 
lA2 and lE components for D3 symmetry are close to- 
gether, it is reasonable to expect that lowering of the 
symmetry would give one of the components from the 
E level a t  higher energy and one at  lower energy com- 
pared to the component related to 'Az. Therefore, 
the center component of the low-frequency band, which 
is opposite in sign to the other two, is related to the 
'Aa component for DS symmetry. 

The (+)646-[C~(en)3]3+ ion has been shown to have 
a left spiral (A) configuration.lb For this isomer the 
lA.z CD peak is negative and hence the A configuration 
is assigned to all of the (-)546-[Co(en)2aa]I2 complexes 
reported here since their corresponding CD peaks 
are also negative. The solubilities of the diastereo- 
isomers of [Co(enjSIS+, [Co(en)~gly]~+, and [Co(en)z- 
picI2+ are consistent with this assignment of configura- 
tions. 

(14) A. D. Liehr, private communication. 
(15) Y. Saito, K. Nakatsu, M. Shiro, and H. Kuroya, Bull. Chem. Soc. 

Japan, 30, 795 (1957). 
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Quantitative spectra of single crystals of Ni, Pt ,  and Pd  dimethylglyoximates in polarized light show extinction coefficients 
much smaller than earlier values, which were obtained from polycrystalline specimens. This evidence, plus arguments 
based on band polarizations, cast serious doubt on a previous assignment of the visible band to  a highly-allowed p - d 
transition Preparation and visible salt pellet spectra of true binary mixed crystals of Ni, Pt, Pd, and Cu dimethylglyoxi- 
mates are reported. The spectrum of a binary mixed crystal can be interpreted as containing bands belonging to each 
component. This interpretation is consistent with the solid-unique visible absorption's being caused by molecular transitions 
rather than by completely delocalized whole-crystal transitions. A new band is reported in the near-infrared spectrum 
of a single crystal of nickel dimethylglyoximate; it is probably a nickel d-like transition. 

Introduction 
Solid nickel bis(dimethylg1yoxime) [Ni(DMG)2] has 

a strong green a b ~ o r p t i o n ~ - ~  that is not reported for 
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the solutions. This absorption was seen in single 
crystals by Yamada and Tsuchidas and Banks and 
Barnumg as a rather featureless absorption edge. 
However, i t  was reported by Sone,6 Belford,' and Banks 
and Barnum8g9 as a sharp, well-defined peak in the ab- 
sorption spectra of powders, mulls, and suspensions. 
Zahner and Drickamer4 found that this sharp band, and 
the presumably analogous bands of the isomorphic 

(8) D. W. Barnum, Doctoral Dissertation, Iowa State College, 1957. 
(9) C. V. Banks and L). W. Barnum, J. Am. Chem. Soc., 80, 4767 (1958) ; 

C. V. Banks and D. W. Barnum, ib id . ,  80, 3579 (1958): C. V. Banks and 
S. Anderson, i b i d . ,  84, 1486 (1962). Also see numerous other references 
cited in these works. 
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CLEAR LACQUER CRYSTAL BLACK LACQUER 

Fig. 1.-Single crystal mounting. (The top surface was pre- 
pared by viping off the lacquer with a cloth dampened with 
dioxane.) 

Pd(DMG)2 and Pt(DMG)2, of pressed salt pellets 
showed very strong red shifts with pressure and ac- 
cordingly assigned the bands to 3d74p +-- 3d8 transi- 
tions. Because of the band's appearance only in the 
solid phase, which is characterized by an axial stacking 
of the Ni(DMG)* molecules, 1",11 most workers have sup- 
posed the transition to be among the levels of a nickel 
chain. 

The main purposes of this paper are to present some 
previously neglected features-particularly absolute 
absorption intensities, temperature dependence, and 
infrared bands-in the crystal spectra of the rnetal- 
chain dimethylglyoximates, to present further studies 
(akin to previous of mixed-crystal spectra and 
band polarizations, and to compare these data with 
implications of various assignments. 

Experimental 
Preparations.-Ni(DMG)p was prepared from S i  

The by passage through an anion-exchange resin. 
made slightly basic, pH -9, with KaOH. A 5OcJ, C2HsOH- 
H20 solution of dimethylglyoxime was added to form the typical 
brick-red precipitate of Ti (  DhfG)%. Cu(DMG)a was prepared 
by passing the alcoholic dimethylglyoxime over freshly prepared 
and washed precipitates of Cu(OH)?. C U ( D M G ) ~  is quite solu- 
ble; excess C U ( O H ) ~   vas easily filtered off. The brown crystals of 
Cu(DMG)2 were obtained by allowing the dark brown solution 
to  evaporate slowly. Pd(DMG), was prepared by making a 0.5 
dC solution of PdCL slightly acidic with HCI, pH -4, to prevent 
any possible contamination by S i (  DMC7)a. The yellow precipi- 
tate formed immediately upon the addition of the dimethylgly- 
oxime solution. Pt(DMG)2 was prepared by adding stoichio- 
metric amounts of SaaSOs and KaOH to a 1 A!! solution of PtC1, to 
produce Pt+2. This solution was buffered with SHaOH and 
acetic acid to pH -6.9. The stock dimethylglyoxime solution 
was added, and the resulting solution was allowed to stand over- 
night. A grayish violet precipitate of Pt( DMG)2 was obtained. 

Mixed Crystals.-Measured volumes of the saturated CHC13 
solutions were allowed to evaporate slowly. With Pd( DMG)2 
and S i (  DMG)a a range of concentration ratios was used. With 
the other possible combinations of two solutions, one or two dif- 
ferent ratios were used; the exception being Cu( DMIG)2, which 
was combined only with S i (  DMG)a. .A microscopic examination 
showed that in a n y  one butch the individual crystals were all of the 
same color and shape; thus,  true ?nixed crystals were fomned. The 
only exception was the mixture of Cu( DMG)z and Ni( DMG)2 in 
which variations were found in both color and crystalline form. 

(10) L. E. Godyicki and R. 13. Rundle, Acta C l y s i . ,  6, 487 (1063) .  
(11) E. Frasson, C. Panattoni, and 11. Zannetti, i b i d . ,  12, 1027 (1959); 

J. Pech, b l .  Polstei-, and 9. Rexabek, Chcm. List?;, 43, 180 (1949) [Chenz. 
Abstr . ,  44,  9 2 9 3 ~  (IUSO)]; A.  G. Sharpe and 11. U .  Wakefield. J .  Chew.  Sac., 
281 (lrJ57). 
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Fig. 2.-Single crystal spectra. The electric vector 'ivas parallel 
to the molecular plane ( L e . ,  perpendicular to the principal axis) 
for each spectrum marked I .  The small, sharp wiggles arc not 
satisfactorily explained and are assumed to be caused by optical 
interference or other instrumental effects. The 1. spectruin is 
necessarily impure owing to convergence of the light in thc Casse- 
graiiiian condenser, but the I I spectrum is reliable. 

In each batch, some ncedle-like crystals formed that were darker 
than those of pure Ni( DMG)2; these Tvere presumably mixed 
crystals and were used in the work presented. 

T o  use any information concerning changes in the spectra, one 
should know the relative concentrations of the two compounds in 
the crystal. The ratio of the concentrations of the two chelates 
composing any mixed crystal was estimated in each case by two 
methods. The first was simply to assume a crystal ratio equal to 
the mole ratio of the parent solutions. The second was to deter- 
mine the ratio of the two chelates in a CHCls extraction solution 
made by dissolving out the chelate compounds from the sample. 
This extraction was then spectroscopically examined to determine 
the ratio of the concentrations. The results of both methods were 
comparable. 

Spectra.-Single crystals mounted as shown in Fig. 1 were ex- 
amined with a modified Perkin-Elmer 99 monochromator out- 
fitted with a tungsten light source, a Cassegrainian condenser a t  
the exit (because of the small crystal area), a calcite polarizing 
prism, and a detector (PbS or photomultiplicr). Precautions 
Xvere observed to prevent light leakage past the crystal. After 
the spectra were taken, each crystal was carefully dissolved out of 
its mask and its thickness was determined from the depth of its 
impression in the mask; accuracy was about 1 /*. 

Resulting spectra of Pt( DIVIG)~, Si(DMG)*, and Pcl(DMG)n 
are shown in Fig. 2.  (Spectra of single mixed crystals were run 
but  were very disappointing and are not shown because thc iritli- 
vidual bands are poorly resolved owing to overlapping.) 

Growth of larger single crystals of S i (  DMG)? (from nitrobcn- 
zene) enabled us to determitie more accurate polarization shapes 
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Fig ).-Large single crystal of Ni(DMG)S. The dashed curves are polarized spectra at liquid nitrogen temperature, parallel and 
perpendicular to the molecular plane. The solid curves are unpolarized spectra of the same crystal, taken a t  successive temperatures 
as the crystal warmed in the cell without disturbance. The base line is far  below the bottom of this page; for clarity, the dashed curves 
are arbitrarily shifted up. 

and the temperature effects for this crystal, as shown in Fig. 3. 
NaCl pellets of parent and mixed crystals were made; the 

presses of Zahner and Drickamer4 were used a t  -17,000 atm. The 
pellets were about 1 wt. % chelate, 0.25 in. in diameter, 0.3 mm. 
thick, and fairly clear in appearance. The spectroscopic appara- 
tus described above was employed for some runs; i t  gave results 
comparable with those of the Cary Model 14 spectrophotometer, 
which was used for all the results shown in Fig. 3-9. Neither 
Beer’s nor Lambert’s law was obeved bv the salt ae1lets.l 

pellet spectra, (2) both refractive index and particle size affect 
significantly the apparent absorption coefficients, and (3) the 
apparent absorption peak shifts to lower frequency a t  lower tem- 
perature. 

For comparison with the solid-state spectra, Fig. 10 and 11 
show corresponding spectra of solutions of the pertinent chelates 
in CHC1,. 

Discussion - -  
Spectra of mineral oil mulls of the chelates were taken on a 

Cary Model 14 spectrophotometer; effects of temperature, re- 
fractive index of the suspension medium, and particle size were 
investigated and are reported elsewhere.‘ We mention here that 
(1) the mull spectra are generally similar in appearance to the salt 

Single Crystal us. Polycrystalline Spectra.-It has 
been thought that there are sharp absorption bands in 
the visible range for solid N i ( D M G ) 2 ~  Pt(DMG)% and 
Pd(DMG)2, as seen in their salt pellets (Fig. 5-9 
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Fig. 4.-Linpolarized near-infrared spectrum of a large single 
crystal of Ni(DMG)%. 

and ref. 4)) powder films, or polycrystalline suspen- 
s i o n ~ . ~ * ~ , ~  However, our spectra of single crystals (Fig. 
2 and 3 )  show that this is not the case. There is, in 
most cases, a fairly steep rise in absorption in the region 
of the sharp band which the polycrystalline specimens 
display; then there is a plateau (with or without a 
small maximum) which forms a shoulder on the side 
of the ultraviolet absorption. Before taking these 
spectra, we had supposed that the inability of earlier 
 worker^^,^ to observe sharp visible bands in small 
crystals was caused by poor optical resolving power. 
However, while our spectra do, indeed, show some im- 
proved detail, they generally do not have sharp visible 
peaks. We must conclude that the spectra of the poly- 
crystalline samples, involving as they do a combina- 
tion of absorption and reflection spectra (and the pos- 
sibility of obscure effects caused by scattering, etc.), 
are not proper absorption spectra of the crystals.l2& 

With this knowledge and reservation in mind, we 
shall nevertheless assume that the peak position in 
each salt pellet spectrum is a useful indication of the 
first transition frequency in the crystal. Since the 
salt pellet spectra are sharper than the true absorp- 
tion spectra, i t  is possible to get more information 
from salt pellets of the mixed crystals than from their 
single crystals. Therefore, our discussion of the 
mixed crystal transitions is based on the salt pellet 
rather than the single crystal spectra. 

Mixed Crystals.-In Fig. 5-9, one can see that the 
(12) (a) Banks and Barnumg also noticed differences between polycrystal- 

line and single-crystal spectra of similar compounds. However, they did 
not measure apparent absorption intensities of the two. Thus i t  has not 
been previously known how greatly the polycrystalline results overshoot the 
extinction coefficients of these compounds. Some ordinary chelates, e.g.. 
copper acetylacetonate, have been examined in salt pellet, crystal, and solu- 
tion forms in these laboratories, but the pellets showed the same spectra as  
the other states. (b) Some mixed-crystal colloidal suspension spectra of 
Ni, Pd, and P t  4-methylnioximes were reported by Banks and Barnumy 
always to  have only a single peak, in contradistinction to  mechanical mix- 
tures. This would seem to support the theory of a delocalized transition. 
However, we believe the data on mixed dimethylglyoximes point in the 
opposite direction. 
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Fig. 5.-Transmission curves of NaCl pellets. 

mixed crystals have truly different transmission curves 
than mechanical mixtures of the two separate compo- 
nent crystals. Thus the observed changes are caused 
by interactions in the mixed crystals rather than by 
any effects of pressing the pellets. 

If the transitions are of a localized molecular variety, 
then we would expect to see the same bands as shown 
by the parent unmixed crystals, perhaps with inciden- 
tal environmental shifts. If the transitions are non- 
localized, involving a long metal chain, then we might 
expect instead to see a different band, of intermediate 
position, for each new mixed crystal. This technique 
has been used in other problem--e.g., to establish the 
participation of the entire ligand shell in the electron- 
transfer absorption of some bismuth halides. l3  

Some of the mixed-crystal pellet spectra obviously 
have the peaks characteristic of both components of 
the mixturelZb; in others, the separate peaks are not 
clearly seen. We are inclined to think that all the 
spectra are compatible with there being individual 
absorption frequencies for both constituents of each 
mixed crystal. Since this is not obvious, some ex- 
planation of our reading of the data is required. 

The presence of a neighboring cation in the crystal 
appears to shift the peaks of a given ion to some ex- 
tent. The following generalizations can be made from 
Fig. 3-7 (and from other such spectra taken in the course 
of this work1) : (1) In the Pt-Ni mixture, the lowest- 
energy peak of Pt(DMG)2 is shifted toward the blue 
while that of Ni(DMG)2 moves toward the red. (2) 

(13) Id, Newman and D. N. Hume, J .  Am. Chem. SOL,  79, 4581 (1967); 
see also T. G. Spiro and D. N. Hume, i b i d . ,  88, 4305 (1961). 
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Fig. 6.-Transmission curves of NaCl pellets. The mixed crys- 
tals were not all identical; the ratio of Ni:Cu in them probably 
covers a large range. 

In Pt-Pd mixtures, the lowest-energy peak of Pt- 
(DMG)2 is shifted toward the blue while that of Pd- 
(DMG)2 moves toward the red. (3) In Ni-Pd mix- 
tures, the lowest-lying peak of Ni(DMG)2 undergoes 
a blue shift, but it is difficult to determine the effect 
upon the Pd(DMG)2 peak. (We also find the position 
of a Ni(DMG)2 double peak-24.7 and 25.25 kK.- 
remaining essentially unchanged, but the components 
merge a t  high Pd concentrations. These will not be 
discussed.) 

It is interesting to inquire whether the observed 
spectra could be explained using very simple ground 
rules. That which follows is a purely speculative and 
phenomenological attempt. 

Suppose that each chelate molecule, j ,  shifts the 
lowest frequency of its neighbor by an amount -vj/2, 
regardless of the identity of that neighbor. Suppose 
further that there is a solution peak corresponding to 
the salt-pellet peak. Then V N ~  is given as v[Ni- 
(DMG)2 solution] - v [Ni(DMG)2]; the correspond- 
ing expressions are used for Pt and Pd. Having simpli- 
fied this far, let us further try correlating the lowest 
observed band in each solution spectrum with the cor- 
responding peak in the salt pellet. This yields V N ~  = 

4.95 kK., V P d  = 4.50 kK., v p t  = 7.70 kK. Considering 
each mixed crystal to be randomly arranged, one would 
predict six lowest-lying absorption bands corresponding 
to sites having differing concentrations as shown in 
Table I. 

The process just described is drastically oversimpli- 
fied and naive. Nevertheless, it describes the ob- 
served spectra amazingly well. For example, one can 
easily see how the Pd and Pt peaks, well-defined and 
well-separated in the mechanical mixture, can produce 
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Fig. 7.-Transmission curves of NaCl pellets. The Ni :P t  ratio 
in the mechanical mixture is 1.3 : 1 ; in the mixed crystal, not well 
determined. 

Pt(DMG)z 
bands, 
kK. 

16.0 
17.6 
19.2 

Pt(DMG)z 
bands, 
kK. 

16 0 
17.375 
18.750 

Pd (D M G) z 
bands, 
kK. 

21.55 
21.775 
22.00 

TABLE I 
Pt-Pd Mixtures (Pd fraction f )  

Pd( DMG)? 
bands, 

Concn. kK. 

(1 - f ) 3  18.8 
2(1 -f ly 20 .4  

Pt-Ni Mixtures (Ni  fraction f )  
(1 - f)f2 22.0 

Ni(DMG)z 
bands, 

Concn. kK. 
(1 - f ) 8  16.0 
2(1 - f)ZS 17.375 
(1  -f) f '  18.750 
Pd-Ni Mixtures (Ni  fraction f )  

Ni(DMG)r 
bands, 

Concn. kK. 
fY1 - f )  18.750 
2f( l  - f ) Z  18.975 
(1 - f )3  19.200 

a broad intermediate peak in the corresponding mixed 
crystal (Fig. 9). Also, one can see how the Ni and Pd 
peaks (Fig. 8), while much less separated and no better 
defined than the Pt and Pd peaks, still are separately 
recognizable in mixed Pd, Ni crystals. 

In fairness, we must point out that considerable 
delocalization of the transition is consistent with 
observation of peaks corresponding to both ion types 
in a mixed crystal. For example, if the transition 
involves electron transfer from one molecule to a 
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Fig. 8.-Transmission curves of NaCl pellets. M.M. is a 
mechanical mixture, Ni : Pd : : 0.635 : 1. The others are true, uni- 
form mixed crystals, the Ni : Pd ratio being (by two different 
methods of determination) as follows: 13 .0 ,  2.09; I1 1.0, 0.89; 
I11 0.33, 0.33; IV 0.11, 0.14. 

neighboring molecule or molecules, then behavior 
similar to our phenomenological analysis of the mixed- 
crystal spectra might well be expected. For example, 
this kind of transition has been postulated by Robin14 
to explain some bands in the spectrum of Prussian 
blue; he supposes an electron transfer from one iron 
ion to another. Here, too, we might have crystal 
transitions involving electron transfers such as the 
following: -Ni t2-Ni +2-Ni +2- A -Ni +2-r\’i t3L.Ni +-, 
-Ni +Z-l\ii +2-Ni +2- -Ni +1L_ITi+3-&5 +LL, etc, 
For example, suppose the process involved electron 
transfer of kind 2 ;  then in a mixed crystal of molecules 
a and b there would be six excited states: a-‘/’-a+- 

b -‘/Z-b -kFa-‘/2 . The six transitions would be expected 
to follow a pattern such as that given in our nai‘ve 
analysis if a fixed ionization energy and “electron 
affinity” were assigned to each atom. (Here there 
might be some difficulty in correlating solution with 
crystal transitions, but this is not really a vital feature 
of the analysis.) The example just given is but one 
of many possible assignments which would involve 
some electron delocalization and yet be compatible with 
the experimental observations. However, we believe 

a -‘/2 a -1/2-a +-b -‘/z b +-b -‘ /Z, b -‘/tub +-b - ‘ / 2  
> > , 

(14) M. B. Robin, Inoug. Chem.,  1, 337 (1962) 
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Fig. 9.-Transmission curves for KaC1 pellets of mechaiiical 
mixture (M.M.) and two batches of true rriixed crystals ( I  and 
11). The ratio of Pd to Pt is as follows: M.M., 1.96; 11, -1.93; 
I, -0.76. 

that all such assignments should take a t  least one (prob- 
ably the ground) state to be largely localized, 

Single Crystal Spectra and Absolute Intensities.- 
The extinction coefficients reported in Fig. 2 have the 
right order of magnitude ( e  -lo2 l./mole cm.) for usual 
ligand field d-electron spectra of strongly bound 
chelates. They also have the right magnitude for 
several other partially-forbidden types of transition 
including some charge transfers. It seems rather 
unlikely that their magnitude is compatible with the 
suggestion4 that they are d-to-p electron promotions, 
which are highly allowed and should display enormous 
extinction coefficients. 

Observed Polarization vs.  d-p Predictions.-The d-p 
assignment seems not to fit the observed polarization of 
the red tail, which is stronger in the direction perpen- 
dicular to the molecular planes. If the loosest elec- 
trons reside in the R d-like molecular orbitals xz and yz ,  
then in group DZh the transitions to the p,-orbital 
would be in-plane polarized, while the transitions to 
pz and pu would be z-polarized. Now, the arguments 
for a drastic lowering of the energy of a p-orbital on 
account of stabilization by neighboring metal ions 
would require that the p-orbital in question be pz. 
Therefore, the observed polarization (always z for the 
lowest energy portion of the visible absorption) is 
in disagreement with the d, 4 p2 assignment. On the 
other hand, if the electron jumped from the AI, orbital 
resembling 3z2 - P ,  then strong z-polarization would be 
indicated, but the experimental fact that the in-plane 
component is also fairly strong would be unexplained. 

Infrared Spectrum.-As shown in Fig. 4, we observed 
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Fig. 1O.--CHC13 solution spectra. 

a broad, asymmetric, low-intensity infrared absorption 
in a large single crystal of Ni(DMG)Z peaking a t  about 
10.3 kK. The asymmetry is quite pronounced and 
hints at a structure. However, we could resolve 
no structure by cooling the crystal to  80’K. It is 
reasonable to suppose that this band, stretching be- 
tween 7 and 11.5 kK., contains one or more of the ex- 
pected d-like nickel ion transitions, which have been 
hitherto undetected in the nickel bisdioximates. The 
visible absorption, then, probably consists of the higher- 
energy d-like transitions and some -of the partially- 
allowed charge-transfer bands; since there are probably 
several n and T ligand orbitals crowded into a fairly 
small energy range, the broad nearly featureless char- 
acter of the visible absorption would be easy to under- 
stand. 

The Metal-Metal Bond.-There does not seem to 
be any spectroscapic feature of crystalline Ni(DMG)2 
Pd(DM-G)2, or Pt(DMG)2 which requires the existence 
of an actual metal-metal bond (as opposed to the 
obvious electrostatic interaction), though there has 
been some controversy about the possibility that the 
low solubility of Ni(DMG)* is caused by such a bond.g 
Such bonding can perhaps occur incidental to  an 
accident of crystal packing, but evidence for its being 
an important primary effect is as yet very sparse. 
For example, the so-called “abnormal)’ dichroism6! l5 

(16) C. M. Harris and S. E. Livingstone, Rev. Puve Appl.  Chem. l a ,  27 
(1962). 
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Fig. 11.-Solution spectra. 

(c f .  Fig. 2 )  can be a result of the normal vibronic selec- 
tion rules in a centric molecule and does not-at our 
current stage of knowledge16-tell us anything about 
metal-metal bonding. Yet this seems to have been 
corssidered a principal piece of evidence in support of 
the metal-metal bond theory. l5 Rundle’s17 and 
Miller’sls qualitative suggestions involve (in essence) 
metal chain orbitals formed from the metal 3d(3z2 - r 2 )  
and 4p(z) orbitals-Rundle favoring a net bonding, 
Miller, a net antibonding. Certainly, orbitals of this 
kind can be presumed to form. The question is whether 
there is very much resulting delocation of the electrons. 
It seems just as probable that the crystal structure of 
these solid compounds is determined more by packing 
than by covalent intermolecular bonding and that 
their peculiarities might be explained by largely 
electrostatic interactions between neighboring mole- 
cules. (Such an approach was favored by Zahner 
and Dr i~kamer ,~  who assumed the Ni(DMG)z molecule 
to have its usual description modified in the crystal by 
a differential movement of all the energy levels owing 
to the presence of neighboring charges along the molecu- 
lar axis, and who assumed the visible band to be a 
Ni(DMG)s molecular transition from the ground state 
to an excited state that is lowered greatly in energy 
by the electrostatic interaction .) 

Until recently, the only clear-cut cases of stacking 
of neighboring metal ions have also been crystals in 
which the lowest-energy visible band showed polari- 
zation perpendicular to the molecular planes. This 
has been cited as evidence both that a special kind of 

(16) J. Ferguson, R. L. Belford, and T. S. Piper, J .  Chem. Phys  , 37, 1569 
(1962). 

(17) R.  E. Rundle, J .  Phys. Chem., 61, 45 (1957). 
(18) J. R. Miller, J .  Chem. Soc,, 4452 (1961). 
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metal-metal bond exists and that the lowest-energy 
visible band is a special transition associated with the 
metal chain.16 However, the case of orthorhombic 
nickel bis(N-methylsalicylaldiminate) [Ni(Me ~ a l i m ) ~ ]  
demonstrates the failure of this assumption. In 
Ni(Me salim)2, the Ni atoms are lined up in exactly 
the same way as in Xi(Dh/TG)p, with almost identical 
spacing.lg However, the single crystal spectra taken 
by FergusonZ0 and more recently by us (unpublished) 
show that the lowest-energy visible band is in-plane 
polarized, unlike that of Ni(DMG)*. Thus, so- 
called “abnormal” dichroism is not a necessary com- 
panion to the nickel ion chain structure found in Ni- 
(Dh1G)z. Also, inspection of the single-crystal spec- 
tra of Ni(DMG)2 shows that the out-of-plane dichroism 
is really very slight, being caused merely by a slightly 
broader red tail of the visible absorption in the out- 
of-plane direction. Therefore, the apparent striking 
dichroism is not much more than a consequence of the 
fact that the eye is responding only to light in the fre- 

DON S. MARTIN, JR., AND CHARLES A. LENHARDT Inorganic Chemistry 

(19) E. C. Lingafelter, G. L. Simmons, B. B. Morosin, C. Scheringer, and 

(20) J. Ferguson, J. Chem. Phys. ,  34, 611 (1961). 
C. Freiburg, Acta Cvyst., 19, 1222 (1961). 

quency region of the red tail, as the absorption of light 
by the crystal is practically total in the regions of the 
shoulder or maximum. Finally, there is nothing ab- 
normal in out-of-plane band polarization for a planar 
molecule. The “abnormal” designation arises from 
the fact that T-T transitions of planar organic mole- 
cules are, to a good approximation, symmetry forbidden 
in out-of-plane polarization. However, when other 
types of transitions can occur (particularly where a 
transition metal ion is involved) many will be out-of- 
plane permitted. 

The temperature effect on the single-crystal absorp- 
tion spectrum of Ni(DMG)z (Fig. 3)  is very small. 
This fact hints a t  one of two alternatives: (1) the 
transition probability is not caused by the vibronic 
mechanism and (2) the transition probability is produced 
by vibronic coupling to very high-frequency modes. 
One cannot yet choose between these alternatives. 
There is a small red shift as the temperature is de- 
creased; i t  is evident both in the single crystal (Fig. 3 )  
and in polycrystalline samp1es.l We presume that this 
shift is caused by sample contraction and is merely 
another manifestation of the red pressure shift.4 
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The absorption spectrum from 550 to 270 mp for a single crystal of K2PtC14, with light polarized parallel and normal to the 
symmetry axis of the PtC14-2 ion, is reported. Absorption peaks are well resolved so that a shift in maxima between alterna- 
tive polarizations is apparent. A consideration of the vibronic interactions permits the assignment of the ‘A1, .-f 1Asg transi- 
tion. An assignment of other transitions is proposed on the basis of the shift of maxima which orders the d-orbitals dzz > 
dxa, > d,,,,,. The influence of Jahn-Teller splitting of the excited E, state is discussed. 

Introduction 
The absorption spectrum of the square-planar ion, 

PtC14-2, in aqueous solution contains four peaks which 
can be attributed to transitions between d-electron 
states. However, various authors have proposed dif- 
ferent transition assignments for these observed 

The spectrum of a freshly prepared KZPtCh solution 
in dilute HCI is shown in Fig. 1. The intense absorp- 
tion above 36,000 cm.-l is presumably due to a charge- 
transfer p r o ~ e s s . ~  Below 36,000 mi.- two strong 
peaks, labeled 3 and 4, and a weaker peak, 2, are 
clearly evident. The zima,, emax, and oscillator strengths 

(1) Contribution KO. 1452. 

(2) J. Chatt ,  G. A Gamlen, and L. E. Orgel, J. Chem. SOC., 486 (1958). 
(3) R. F. Fenske, D. 5 .  Martin, Jr., and K. liuedenberg, Inovg.  Cheni., 

(4) H. B. Gray and C. J. Ballhausen, J. Am. Chem. Soc., 86, 260 (1963). 

Work was performed in the Ames Labora- 
tory of the U. S. Atomic Energy Commission. 

1, 441 (1962). 

from a Gaussian analysis for the spectrum are in Table 
I. As a consequence of the Gaussian analysis a very 
weak absorption (l), of perhaps questionable exist- 
ence, appears at about 17,000 cm.-l. As shown in 
Fig. 1, the sum of the Gaussian components deviates by 
a similar amount in the region of 23,000 cm.-’. 

Crystals of K2PtC14 are ideally suited for the study of 
polarized spectra for this ion since each PtC14-2 oc- 
cupies a site in the unit cell with the full D4h symmetry 
and with one ion per unit cell.5 Therefore the fourfold 
symmetry axis (z-axis) is aligned with the crystallo- 
graphic c-axis. The ions lie directly over one another 
with an eclipsed arrangement of chlorides and with 
platinum atoms separated along the z-axis by 4.13 A. 
With the inversion symmetry and the exact alignment 
of the symmetry axes in the crystals, their polarized 

( 5 )  R. G. Dickinson, i b i d . ,  44, 2404 (1922). 


