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The Physical Properties of Linear Chain Systems 
I. The Optical Spectra of [(CH,),N]NiCl,, Cs(Mg,Ni)Cl,, CsNiCl,, RbNiCl, 
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The single crystal spectra of pure CsNiCls, CsNiBrJ, RbNiCls, and [(CH3).,]NiClJ, and the single crystal 
spectrum of CsNiCl, diluted in CsMgCls have been measured to 5°K. The spectra of the magnetically 
concentrated materials show a number of anomalously intense maxima. These are interpreted in terms 
of cooperative interactions. 

Introduction 

A major area of interest in our laboratories 
has centered around the elucidation of the 
electronic structures of first row transition metal 
ions. These investigations have dealt with ions 
in high oxidation states (I), ions in trigonal and 
lower symmetry environments (2), and ions in 
cubic host lattices (3). Our more recent efforts 
have been directed toward the elucidation of the 
physical properties of compounds in which the 
metal ions are antiferromagnetically coupled. 
These studies have involved species such as 
LiCrOz (4) and NiCl, (5), which are coupled in 
three dimensions [3] and those in which the 
coupling is primarily in one dimension [1] 
only (6-8). 

Measurements of the magnetic susceptibility 
(6) and neutron diffraction spectrum (7, 8) of 
[(CH,),N]MnCl, (TMMC) have shown that it 
is a [I] linear chain antiferromagnet to 0.84”K. 
This behavior differs somewhat from that 
reported for the members of the group M’M”X, 
(M’ = Rb+ or Cs+; M” = Ti*+, V*+, Cr*+, 
Fez+, Co*+, Ni*+, or Cu2+; X = Cl- or Br-) (9) 
even though these latter compounds possess 
structures quite similar to TMMC. This structure 
consists of parallel linear chains of face sharing 
M’U, octahedra (10, II) separated by the M’ 
cations. For TMMC the (CH&N+ cation is 
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sufficiently bulky to provide complete magnetic 
insulation between adjacent chains. For the 
compounds containing the less bulky Rb+ and 
Cs+ cations, the magnetic insulation is less 
complete, allowing [3] order to set in in some 
instances at temperatures considerably in excess 
of 4°K. 

Optical spectroscopy has played an important 
role in the study of exchange coupled systems 
(22). In such systems it has been found that 
well-defined spin-wave excitations exist for 
temperatures up to and, in certain cases, beyond 
TN (7, 8, 23-U). This phenomenon is of import- 
ance optically because of the manifestation of 
spin-wave (magnon) side bands under suitable 
conditions. These magnon side bands occur when 
two neighboring magnetic ions undergo a 
simultaneous transition. One of the ions under- 
goes a normal d-d or f-f transition while the 
second ion undergoes a spin deviation such that 
the total spin is conserved. This leads to the 
observation of relatively sharp maxima which are 
not observed in magnetically dilute systems. 
While such transitions have been studied in 
detail for two and three dimensional systems, 
little is known about the optical manifestation 
of magnons for systems in which the spin corre- 
lation is one dimensional [I]. Dingle et al. (6) 
have investigated the optical properties of 
TMMC to 1.2”K without observing magnon 
side bands even though it has been shown that 
short range spin correlations exist in TMMC at 
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temperatures significantly above TN (7, 8). It is 
uncertain as to whether this absence of magnon 
side bands is due to the [I] nature of the spin 
correlations in TMMC or merely the result of 
measurements being made at temperatures too 
much in excess of TN for the phenomena of spin- 
wave side bands to be observed. 

In an attempt to ascertain the relative 
importance of interchain vs intrachain inter- 
actions and to elucidate the electronic structure 
of some magnetically coupled Ni2+ systems, 
we have measured the absorption spectra of 
[(CH,)4N]NiCl,, RbNiCl,, CsNiCl,, CsNiBr,, 
and Cs(Ni,Mg)Cl, to 5°K. 

Asmussen and Solig (16), Day (17), Hatfield 
and Piper (28), Goodgame et al. (19), and 
McPherson and Stucky (20) have conducted the 
only previous studies of the optical properties of 
CsNiCl,, CsNiBr,, RbNiC&, and [(CH,),N]- 
NiCI,. These measurements, however, were made 
either on polycrystalline samples or at tempera- 
tures considerably in excess of those at which our 
measurements have been made and do not 
reveal many of the features which we report 
here. 

Crystal Structures 

CsNiCl, and RbNiCl, are isomorphous with 
CsMgCl, (10, II). All three of these compounds 
belong to space group P6,/mmc with CsNiCl, 
and RbNiCl, having cell dimensions (II) of a = 

7.18 A, c = 5.93 A and a = 6.95 A, c = 5.90 A, 
respectively, and CsMgCl, displaying the di- 
mensions (20) a = 7.269 + 0.006 8, c = 6.187 f 
0.005 A. The principal structural feature consists 
of parallel linear arrays of face sharing [MCI,] 
octahedra. The M2+ ion lies on a site of D,, 
symmetry. 

The [(CH,),N]NiCl, compound possesses a 
similar linear chain structure but belongs to 
space group P6,/m or P63 (22). The cell dimen- 
sions are a = 9.019 and c = 6.109 A. 

Experimental 

Single crystals of CsNiCl, were prepared by 
mixing equimolar ratios of reagent grade CsCl 
and NiCl, (made by dehydrating NiC&* 6H2O 
at 110°C in a stream of HCI gas), placing the 
mixture in an evacuated quartz ampoule, and 
zone refining it. Single crystals of CsNiBr,, 
RbNiCl,, and of CsMgCl, containing small 
amounts of Ni2+ were prepared in the same way. 
Single crystals of [(CH,),N]NiCl, were prepared 
by slow evaporation of an equimolar mixture 
of [(CH,),N]Cl and NiCl, *6H,O which were 
mixed in 10% HCl, 90% H,O. 

Crystals suitable for rr and n optical measure- 
ments were cleaved parallel to the c crystallo- 
graphic axis, polished where necessary, and 
checked for proper alignment using Weissenberg 
and precession photography. 
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FIG. 1. The 5°K spectrum of [(CH&N]NiCl,, IIZ. 
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FIG. 2. The 5°K spectrum of [(Ci-&&N[NiC13, j-2. 

Optical measurements were made at 300, 80, Results 
and 5°K with a Cary 14R recording spectro- 
photometer using techniques previously des- The polarized spectra of ._ _ ._ ~. 
cribed (I, 2). 

Great difficulty was encountered while attempt- 
ing to prepare crystals suitable for optical 
measurements with the direction of the propaga- 
tion along the unique axis as the material tends 
to spbntaneously cleave parallel to the c axis. 
After numerous attempts it was found possible 
by csneful polishing, to obtain crystals suitable 
for axial spectra. 

Cs(Mg,Ni)Cl,, CsNiCl,, RbNiCl,, and CsNiBr, 
taken at 5°K are shown in Figs. l-9. Figures 
lo-15 display the temperature dependence of 
the absorption spectra of CsNiCl,, RbNiCl,, 
and CsNiBr, in the 500&20000 cm-l region. 
Tables I-V contain a tabulation of the energies 
of the various components of the absorption 
manifolds and their assignments. In Table VI 
may be found the best-fit calculated energies 

FIG. 3. The 5°K spectrum of CsMgC13:Ni, IlZ. 
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CsMgCl3:Ni 
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FIG. 4. The 5°K spectrum of CsMgCl, : Ni, J-Z. 

CsNiCI3 

26 22 I8 14 IO 6 
ENERGY cm’X ID’ 

FIG. 5. The 5’K spectrum of CsNiClp, IlZ. 
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FIG. 6. The 5°K spectrum of CsNiCl,, IZ. 

RbNiCI3 
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FIG. 7. The 5°K spectrum of RbNiC13, I/Z. 
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RbNiCIs 

FIG. 8. The 5°K spectrum of RbNiCL, J-Z. 
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FIG. 9. The 5°K spectrum of CsNiBr,. 

FIG. 11. The temperature dependence of the spectrum 
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FIG. 10. The temperature dependence of the spectrum: 
of CsNiC13,ll.Z 
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FIG. 12. The temperature dependence of the spectruw 
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FIG. 13. The temperature dependence of the spectrum 
.of RbNG, LZ. 

FIG. 15. The temperature dependence of the spectrum 
of CsNiBr,, 12. 
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TABLE I 

THE ABSORPTION SPECTRUM OF Cs(Mg,Ni)CI, AT 5°K 

E, cm-’ AE Assignment 

-~- 

6623 
7380 

7605 

7849 
11236 

11396 

11561 

11737 

11905 
12077 

12285 

12500 
12987 

13287 

13587 

13889 
17857 
19231 
21834 
23585 
24038 
25707 

26042 

26233 

26455 

225 

244 

160 

165 

176 

168 

208 

215 

300 

300 

302 

335 

191 

222 

TABLE I-continued 

E, cm-’ AE Assignment 

6667 
7143 

7605 

7819 
11173 
11429 

11628 
12077 

12270 
12953 

13263 

13578 

13889 
17857 
19048 
19417 
21834 
24096 
26247 

237 

225 

244 

198 

193 

310 

31.5 

311 

LI All first components are pseudo-origins (the Ni atom 
in these compounds sits on a center of inversion) and 
should have the upper state written as the sum of the 
electronic state plus the allowing phonon mode. In certain 
cases, however, there is only one component negating 
the possibility of deciding which vibrational frequency is 
important. Therefore, for the sake of consistency we have 
chosen to write all first components as if they were origins 
keeping in mind that they are pseudo-origins. 

b Superscript A indicates vibration is a molecular mode 
and B indicates a lattice mode. 

11 
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TABLE II 

THE ABSORPTION SPECTRUM OF [(CH,),N]NiCI, AT 5°K 

E, cm-l AE Assignment 

5613 3Az, + 3A~, + 2(A& + E&) 

5722 

5822 

5926 

109 

loo 

103 

113 

‘Aze + 3A~, + 3(A;” + E&g) 

6006 
6039 
6410 
6887 

106 
6993 
7220 

7463 

7722 

243 

259 

246 
7968 
8621 

11364 
12870 

323 
13193 

321 
13514 
18957 
19685 
21008 
21834 
23529 
25974 

- 
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TABLE II-continued 

E, cm-’ AE Assignment 

5394 

5495 

5602 
5674 
5722 
5807 
5865 
5924 
5988 
6033 
6410 
6873 

7143 

7380 

7634 

7874 
8547 

10638 
11561 
12821 

13123 

13423 
11699 
18692 
19608 
21390 
24096 
25641 
28571 

111 

107 

120 

143 

123 

270 

231 

254 

240 

302 

300 
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TABLE III 

THE ABSORPTION SPECTRUM OF CsNiCl, AT 5°K 

E, cm-’ AE 

Ellz 

Assignment 

6667 
7299 

7547 

7800 

8071 
10336 

10549 

10811 
10949 

11173 

11402 

11628 

11848 

12077 

12315 

12531 
12920 

13245 

13550 

13870 
17857 
18939 
21978 

22252 

22523 

22805 
23697 
25773 

25974 

248 

253 

271 

213 

262 

232 

229 

226 

220 

229 

238 

216 

325 

305 

320 

274 

271 

282 

TABLE III-continued 

E, cm-’ AE Assignment 

Ellxy 

6645 3& + 3A~, 

6897 

7168 

7429 

3A2, + 3A1, + 2E;4: 

3Azs + 3A1, + 3Ef; 

7680 

252 

271 

261 

251 

257 
3A2, + 3A1, + 4E;‘: 

7937 3Azs --, 3A,, + 5E$ 
11223 =Aze + 3Eg 

208 
11344 3Azg + “Eg + (E1” + A&) 
11431 3Az, + “Eg + l(E;‘: + A&) 

197 
11570 

11628 3Azs --f 3Eg + 2(E;l: + A&) 

11840 3A2, + “Eg + 3(E;l: + A&) 

12055 

12285 

212 

215 

230 

231 

3A2, + 3Eg + 4(E$ + A;“) 

12516 3A~s + 3Eg + 6(E:‘. + A;“) 
12719 r1 + r5 
12920 3A2, + ‘E, 

13245 

13550 

325 

305 

320 

3Azs + ‘Eg + l(E;‘: + A;“‘.) 

3Aze + ‘E, + 2(E;L: + A&) 

13870 
18248 

18399 
151 

154 
18553 
18939 
19305 
21692 
24067 
26042 
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TABLE IV TABLE IV-continued 

THEABSORPTIONSPECTRUMOF RbNiCI, AT 5°K 

-~ 
E, cm-’ AE Assignment 

- 

E, cm-’ AE Assignment 

6849 
7246 

7463 

7692 
11331 

11494 

11655 

11813 

12034 

12277 

12500 

12739 
13012 

13333 

13643 

13947 

14245 
22222 
23810 
26178 

217 

229 

163 

161 

158 

221 

243 

223 

239 

321 

310 

304 

298 

3&, + 3Az, + 3(A$ - A’&) 

3A2g --f 3Eg 

3Azg + 3E, + l(E;f: + A$) 

‘AZP + 3Eg + 2(E;‘.2 + A:“) 

‘AZ, += 3Eg + 3(E;‘,2 + A&) 
3A2, + ‘E, 

6849 
7042 
7092 
7231 
7326 

7570 

7813 
11312 

11507 

11696 

12070 

12270 

12469 
12821 

13029 

13333 

13633 

13937 
19048 
21834 
24038 
26247 

Ellxy 

3& + 3A~, 
243 jAzg += ? 

284 3Azs + 3A,, + l(E$ f E&j 
234 3Azr --f 3Eg 

3Azr + 3A1, + 2(Ef: + E&g) 
244 

“Azo + 3A1, + 3(Ef.3 + E&) 
243 

3A2, + ‘Azs + 2Ef; 
374=2x 187 

3A2g --f 3A2, + 4E;q: 
200 

3A2, + 3AZs + 5E;(.2 
199 

3A2, + 3AZ, + 6E;L.2 
r1 --i’ r5 

208 
3A2g + ‘Eg 

304 
3Azs --i’ ‘Eg + 1 (E;‘.’ + A$‘“) 

300 
3Azg + ‘E, f 2(E;L: + A&) 

304 
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TABLE V 

THE ABSORPTION SPECTRUM OF CsNiBrs AT 5°K 

E, cm-’ AE 

Ellz 

Assignment 

6369 
6826 
6897 

7052 

7220 

7391 

7564 

7752 
10515 

10616 

10870 

11038 

11236 

11494 

11751 

11976 

12158 

12346 

12531 
16529 
16667 
16978 

17241 
17606 
20408 

155 

168 

171 

173 

188 

101 

254 

168 

198 

258 

257 

225 

182 

188 

185 

263 

TABLE V-continued 

E, cm-l AE Assignment 

EIIxY 

6369 3Azg -+ 3A~, 
6821 3A2, + 3Eg 

167 
6988 3Az, + ‘Eg + E;‘.’ 

332s 2 x 166 
7220 3Azs + 3Eg + 3E;43 

171 
7391 3Azs --f ‘Eg + 4E;q: 

10309 3A2&J + 3Az, 
11614 3AZ, + 3Eg 

165 
11779 I-1 + r5 

197 
11976 3AZs + ‘Eg 

219 
12195 3A,, + ‘Eg + A& 

212 
12407 3Azs +- ‘Eg + 2A;: 

172 
12579 3Azs + ‘E, -I- 2A$ + E$ 

209 
12788 3Azs --f ‘Eg -I- 3A;: -I- E$; 
13500 3Azs + “Eg V,g) + “.% (Tza) 
16529 3A2, + ‘E, + lAzg (ITzg, ‘D) 
17699 ‘4s 4 ‘AI, 
20408 3& --z 3Az, f “I$ 
21834 ‘Azg + l&v ‘Eg (‘TI,) 
23669 3& + ‘Ey (‘E,) 
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TABLE VI 

CALCULATED ENERGIES FOR TRANSITIONS IN M1NiX3 IN cm-’ (21) 

Cs(Mg,Ni)Cl, a [(CH&N]NiC13 b CsNiCl,’ RbNiC& d CsNiBr3 e 

7053 
11811 
13826 
19039 
20554 
22565 
23585 
28603 

6052 6855 7288 6535 
10549 11315 12139 10840 
13341 13661 13857 11860 
18199 18816 19342 18786 
20170 20442 20587 19600 
20674 22297 22880 20205 
22641 23386 23800 21630 
27279 28219 29044 26820 

a D, = -700, Fz = 1300, F4 = 90,1= -225, 
b D, = -600, Fz = 1300, F4 = 100,1= -225. 
’ D, = -680, F2 = 1300, F4 = 90, I = -225. 
’ D, = -725, Fz = 1300, F4 = 90,1= -175. 
eD,=-650,F,=1200,F,=85,1=-175. 

TABLE VII 

OSCILLATOR STRENGTHS FOR SELECTED TRANSITION IN M’NiX3 

Compound Polarization Transition fx lo5 (300°K) fx lo5 (77°K) fx lo5 (4°K) 

CsNiCl, 

RbNiCl, 

CsNIBr3 

1.1 
1.5 

1.6 1.5 
2.4 2.1 

1.8 
4.7 

1.1 
4.1 
6.4 

0.4 
1.8 
5.5 

1.2 2.2 
4.2 2.5 
6.0 3.3 

0.9 0.9 
3.0 1.9 
8.1 4.4 

3.7 5.4 
6.9 2.4 

11.7 5.2 

1.9 3.6 

0.9 
1.3 

1.1 
1.8 
0.2 
1.7 
1.9 
2.9 
0.4 
0.7 
1.5 
2.7 

0.9 
1.2 

.L 

.3 
1.4 
2.0 
0.2 
0.6 
1.4 
1.8 
0.4 
2.5 
2.0 
3.0 
0.6 
0.8 
1.5 
2.2 
0.3 
2.5 
2.1 
2.6 
0.5 
1.0 
1.8 
5.4 
1.4 
8.5 
2.8 
4.8 
0.7 
4.8 
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for the transitions in the various compounds. 
Table VII contains a tabulation of oscillator 
strengths vs temperature for the pure M’NiCl, 
and CsNiBr3. 

Measurements of the axial spectra agree in 
all cases with the o(x,y) spectra, indicating all 
bands are allowed by an electric dipole process. 

Discussion 

General Features. Ni2+ is a d* system. In 
octahedral symmetry its electronic ground state 
is 3A2,. Transitions are possible to three spin 
triplets. In order of increasing energy these are 
3T2s, 3TI,(F), and 3TI,(P). Transitions are also 
possible to a variety of spin singlets. The order in 
which these transitions occur is somewhat 
dependent upon the strength of the crystal 
field. In D3d symmetry the following correlations 
exist: AI, --f AI,, A,, + Azg, E, --f E,, T,, + E, 
+ Azs and Tzg -+ E, + AI,. 

Transition energies derived from the matrices 
of Liehr and Ballhausen (22) for 0, d2e8 ions, 
Table VI, account for the general features of the 
spectra recorded in this work. An apparent 
trend in D,, [(CH,),N]NiCI, < CsNiCl, < 
RbNiCl,, exists as a function of decreasing 
cation size. While too much emphasis should not 
be placed upon this trend due to the difficulty 
of assigning a reasonable center of gravity of 
of envelopes (occasioned by the complexity of 
the data) it would appear that this is a genuine 
effect and is most likely related to increasing 
intrachain compression rather than transverse 
next nearest neighbor interaction. 

Utilizing the polarization behavior and taking 
into account the available phonon modes, the 
ordering of the transitions in D3d symmetry can 
be ascertained. This is shown in Tables I-V. 
In all cases for the lowest energy manifold 
we find two pseudo-origins present. The least 
energetic of these is the 3A2s --f 3A2,(3T2,) 
transition. This trigonal splitting ranges from 
-1600 cm-’ in [(CH,),N]NiCI, to -400 cm-’ in 
RbNiCl,. 

The next highest manifold, in the 11 000 
cm-l region, contains three origins rather than 
the two predicted for a D3d split T,,(F) state. 
One of these origins is of Azs y s mmetry while 
the other two are of E, symmetry. Since it is 
known that the 3A2s --f ‘E, transition lies in this 
region we may account for the two lowest 
energy origins by assigning them to components 
of the 3TI,(F) state while the higher E, state is 

assigned as the 3Azs --f ‘E, transition. This 
assignment is based both upon the results of the 
calculations, Table VI, and the fact that the band 
shape of the highest energy origin is consistent 
with this assignment. 

Turning our attention to Cs(Mg,Ni)Cl, and 
[(CH,),N]NiCl, we note maxima at -18 000 
cm-l and -19 000 cm-’ in both compounds. 
The small intensity of these bands is indicative 
of transitions of a spin forbidden nature. Based 
upon our calculations we assign these bands to 
transitions of 3A2, --f ‘T2, and IA,, parentage. 
The relatively sharp maximum occurring at 
-19 600 cm-’ in the spectrum of [(CH,),N]- 
NiCl, will be discussed later. By analogy the 
excitations in the 18 000-20 000 cm-i range of 
CsNiCl, and RbNiCl, and 16 000-18 000 cm-’ 
region in CsNiBr,, while anomalously intense, 
must be related to the 3Azs -+ ‘Tzg and ‘AI, 
transitions. 

The next highest energy band in all spectra is 
the 3A2s -+ 3TI,(P) transition. Beyond this 
maximum are further maxima which may be 
assigned to various high energy spin forbidden 
transitions. These assignments are tabulated in 
Tables I-V. 

Intensity of 3A2g + ‘X. Upon inspection of 
Table VII and Figs. 1-15 several outstanding 
features are apparent : (1) All the spin forbidden 
bands in CsNiCl,, RbNiCl,, and CsNiBr, are 
anomalously intense both with respect to 
Cs(Mg, Ni)CI, and [(CH3)4N]NiC13 and to 
more common magnetically dilute Ni2+ com- 
pounds. (2) For the spin forbidden transitions, 
e.g., 3A2s --f ‘AI, in CsNiCl,, RbNiCl,, and 
CsNiBr, the lZ polarization is always the 
most intense polarization. This is not necessarily 
true for the spin allowed transitions. (3) There is 
no significant difference in the intensities of 
spin forbidden transitions in going from the 
Rb+ to the Cs+ salt, i.e., increasing the interchain 
distances. (4) Replacement of chlorine with 
bromine in these systems enhances the intensity 
of the 3A2, --f IX transitions. It also enhances the 
intensity of the 3A2s -+ 3 Y transitions. (4) There 
is a marked increase in the intensity of the 
3A2, --f ‘X transitions in going from 300°K to 
80°K. There is also a large increase in intensity 
when the temperature is reduced from 80°K 
to 4°K. This effect appears to be greater for 
the bromide than for the chlorides. (6) There is 
no significant shift of the absorption maxima 
of the 3A2, + ‘X transitions as the temperature 
decreases. 
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From the above we can conclude several 
things: (1) The major contribution to the intensity 
of the 3A2, --f ‘X transition arises from a co- 
operative phenomenon. (2) The dominant inten- 
sity giving mechanism arises from an intrachain 
rather than an interchain process. This is evi- 
denced by the facts that the more intense polar- 
ization is perpendicular to the chain axis and that 
there is no significant difference in the intensities 
of analogous 3Azs --t ‘X transitions in CsNiCl, 
and RbNiCI,. (3) There is no discernible 
Ni-Ni bonding occurring else the chlorides 
which have shorter Ni-Ni distances than the 
bromide would exhibit more intense spin forbid- 
den transitions than the bromide. (4) Ligdnd 
spin orbit coupling may be important in the 
exchange mechanism, however little can be said 
about this as while the spin forbidden transitions 
are more intense in the bromide than in the 
chlorides so are the spin allowed transitions. 
This suggests that covalency is at least in part 
responsible for the phenomenon. 

Lohr and McClure (23) have suggested that 
analogous intensity enhancement, in magnetic- 
ally concentrated Mn”’ systems, can occur via 
an exchange interaction between pairs of 
magnetically coupled ions. In the case where the 
interaction is pairwise the intensity of an absorp- 
tion band is seen to vary but little above the 
Neel temperature. This is consistent with the 
idea that in pair interactions we are dealing with 
an exchange process which is dependent only 
upon a concerted two-ion transition in which 
spin deviation and clcctronic transition can occur 
simultaneously and are thus not dependent 
upon an antiferromagnetically ordered system. 
McPherson and Stucky (20) have suggested that 
it is the mechanism of Lohr and McClure which 
is operative in CsNiCI, and RbNiCI,. 

Druzhinin et al. (24) have taken a somewhat 
more sophisticated approach and have applied 
the two-spin cluster model of Oguchi (25) to 
antiferromagnetic KNiF,. Their results, which 
fit the observed experimental behavior remark- 
ably well, predict a major shift to higher energy 
of the maxima of the ‘AZ,, --, ‘X transitions near 
the Necl temperature. In addition the intensities 
of the various ‘AZ4 > ‘X should be relatively 
inscnsitivc to temperature changes above T,. 

Scrutiny of our experimental results leads us 
to the conclusion that the mechanism of Lohr 
and McClure is not adequate to explain the 
entire range of behavior observed here; un- 
fortunately neither is that of Druzhinin et al. 

While it is logical to invoke an exchange 
mechanism of the Lohr-McClure type to 
explain the anomalous intensity of the 3A24 --t ‘X 
at room temperature it would appear that the 
increase in intensity with decreasing temperature 
parallels somewhat the increase in numbers and 
chain length of antiferromagnetically coupled 
aggregates with decreasing temperature. Little 
more can be said in regard, however, without 
detailed measurements of T vs f throughout the 
entire temperature range. 

Mugnon Sidle Bands. In the I polarization of 
the spectrum of CsNiCI, there is a well defined 
band located 200 cm-’ to lower energy than the 
‘E,, transition. It is also observed in the axial 
spectrum indicating that it is electric dipole in 
nature. It does not correlate with any available 
phonon mode. Upon dilution with CsMgCI, 
this maximum disappears entirely suggesting that 
it is not a single ion excitation. The presence of 
this maximum is best rationalized in terms of a 
magnon side band. For such concentrated- 
system-transitions to occur the product of the 
excited-state and the dipole moment of the 
exciting photon must transform as the totally 
symmetric representation of the space group. 
We may omit the ground-state in this product 
since it must transform as a totally symmetric 
state in the absence of electric and magnetic 
flux differences. Thus, as the (x.v) dipole trans- 
forms as Ts, Ts x frXFi,ed-*t.,e = f ,. 

The magnon states which result from the 
3A 2,, ground state are f, and r4 (P6,:mnzc) 
and those of the excitons associated with the 
‘E, excited state are Ts and To. The states which 
describe magnon side bands may be formed 
from linear combinations of these magnon and 
exciton states. Since this crystal group does not 
contain the inversion operation, these linear 
combinations do not have to have negative parity; 
however, wave-vector conservation must be 
preserved. Thus the states which must be tested 
areoftheform (K,-K). Ifthisstateis(T,K, I-,-K) 
the total symmetry is Ts and our absorption 
intensity product is f, giving an allowed transi- 
tion which has state density at the Brillouin 
zone boundary points AHKLMP and vanishes 
elsewhere. 

Of the three other concentrated systems of this 
study, RbNiCI, and CsNiBr, also exhibit an 
(xv) polarized electric dipole transition near the 
‘E,, manifold which may be attributed to the 
same magnon side band state as that in CsNiCI, 
since these compounds arc crystallographi- 



tally isomorphous and magnetically similar. References 
[(CH,)N]NiCl, does not contain this sharp band 
due to its different crystal structure. Stucky has 1. 

reported that [(CH,)N]NiCI, belongs to the 
space group P6,lm which contains the inversion. 
operator. Recently, Gerstein et al. have shown 
that TMANiCl, is ferromagnetic. Thus there are 
restrictions upon the magnon side band state 2. 
which do not allow it to exist, i.e., negative 
parity and wave vector conservation in a single 
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Double Ion Excitation. In the lZ polarized 
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is a broad band at 13500 cm-l which cannot 
be explained in terms of a single ion excitation. 3. 

From an analysis of previously assigned transi- 
tions we suggest that this maximum conforms to 
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an assignment as a simultaneous excitation of a 
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temperatures there will be present exchange 12. 
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is not important in the intensity-giving mechan- 14. 

ism. As the temperature is decreased to 80°K 15. 

the number of antiferromagnetically coupled 
pairs is increased and the intensity of the double 
ion excitation increases. With a further reduction 
in temperature the correlation length is increased 
and the double ion excitation appears to decrease 
in intensity in CsNiBr, and disappears in 
RbNiCl,. This suggests that the transition is 
indeed dependent upon a pairwise interaction 
and that a long correlation length hampers the 
intensity giving mechanism. Why the effect 
should be more marked in RbNiC13 than in 
CsNiBr, is unclear at this time. 
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