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ABSTRACT 
A new class of  non-oxide glasses w i th  the general composi t ion CsAXY 2 
(A = AI, Ga ; X = S, Se ; Y = CI, Br) has been isolated and character ized.  
Raman spectroscopy, invest igat ions of  the I.R. mul t iphonon edge, D i f fe -  
rent ia l  Thermal  Analysis measurements show that  these glasses contain 
a giant po lymer ic  te t rahedra-based anion and have a good s tab i l i t y  towards 
dev i t r i f i ca t i on .  Their  chemical  du rab i l i t y  in normal atmosphere is very 
poor and a f fec ts  severely the i r  opt ica l  propert ies,  special ly  in the I.R. 
mul t iphonon region. 

MATERIALS  INDEX:  t h i o h a l i d e ,  g a l l i u m ,  ces ium,  a luminum 

I ntroduct iQn 

Halide and chalcogenide glasses have received special a t ten t ion  as potent ia l  
candidate for  in f rared transmission (1, 2). Glass fo rma t ion  in mixed chalcohal ide systems 
has been essent ia l ly  invest igated in adding meta l  hal ides or halogens such as Br 2 or 
12 to weIIknown glass fo rming  mater ia ls  l ike As2S 3, GeS 2 and so on (3). Very recent ly ,  
new or ig inal  glasses have been discovered in the b inary system Te-CI (4). These new 
vi t reous mater ia ls  contain ing po lymer ic  chains have modi f ied  composi t ions i f  CI is 
replaced by Br or I and Te pa r t l y  by Se and exh ib i t  in terest ing I.R. t ransmission 
proper t ies due to the shif t  o f  the mul t iphonon edge. 

One of us, R.W. Berg (5), when invest igat ing the solubi l i t ies of  sulfur and sulf ides 
in ch loroa luminate  mel ts  remarked the fo rmat ion  of  a po lymer ic  mate r ia l  of the 
composi t ion CsAISCI 2. 

This c~ass compound was assumed to contain the po lymer ic  te t rahedra  based 
anion iAISCI21n-. The same phenomenon was observed when AI was replaced by Ga 
(6). In both cases, the me l t  fo rmed a stable fu l l y  t ransparent  glass when cooled at 
room tempera tu re .  It was also observed that  these v i t reous mater ia ls  were highly 
corroded by atmospher ic  mois ture.  

In this cont r ibut ion,  we describe new glassy mater ia ls  of  the same fami ly ,  
extended to Se and Br, and we give some comp lementa ry  features on the i r  thermal  
and spectroscopical  proper t ies.  
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Method of  preparation and new glass compositions 

The glass CsAISCI 2 selected as a pro to type composi t ion is prepared according 
to the equat ion : 

CsCI + 2/3 AI + S+ 1/3 AICI 3 ÷ CsAISCI 2 

The s tar t ing mater ia ls  are : 
CsCI 99.5 % suprapur MERCK, dehydrated under a HCI gas stream at 200 ° C fo r  

two  hours 
AI 99.999 ~ gold label ALDRICH,  t rea ted  in a 8M NaOH aqueous solution, then in 

a m ix tu re  12:10:3 v / v / v  of  98 % H3PO4, concent ra ted H2SO 4 and HNO 3 and f ina l ly  
conserved in CCI 4 
- Sulfur is a sub l imated MERCK product .  
- AICI 3 was prepared f rom a lumin ium meta l  and HCI gas and then pur i f ied tw ice  by 
d i s t i l l a t i on  in a closed glass ar,~poule. 

Because of the ex t reme mois ture sensi t iv i ty ,  weighings and t ransfer  operat ions 
of  the s to i ch iomet r i c  m ix tu re  were done in a N 2 contain ing dry  box having less than 
10 ppm of mois ture.  The m ix tu re  is int roduced in a si l ica tube which is evacuated, 
sealed and then heated to 600 ° C in a rocking furnace. The me l t  i n i t i a l l y  ye l low,  becomes 
dark,  green, blue, l ight  green and then colourless and viscous a f te r  24 hours. The 
sequence of  the reac t ion  is considered as the fo l low ing  : 

2/3 AI + S + 1/3 AI2S 3 

Then 1/3 AI2S 3 + I /3  AICI 3 + CsCI * CsAISCI 2 

The glassy t ransparent  ma te r ia l  is obta ined by cool ing to room tempera tu re .  The 
re la t i ve l y  high tendency to v i t r i f i ca t i on  is expla ined by the strong po lymer iza t ion  
process of  the me l t  g iv ing a highly viscous l iquid. Sometimes, the glass contains some 
black par t ic les  whose or ig in ~.,1~ come f rom a par t ia l  reduct ion of  SiO 2 by a small  
amount  of  AI (see Ref. 28 of  (5)). 

Other glass compositions 

As previously ment ioned (6), the glass CsGaSCI 2 has also been prepared in 
the same condi t ions as the a lumin ium der iva t ive ,  and also shows a very poor chemical  
du rab i l i t y  in normal atmosphere.  

In order  to extend the series of  glasses belonging to this f am i l y  and to t r y  
to improve the i r  resistance to corrosion by moisture,  many other  composi t ions have 
been t r ied,  in rep lac ing a lumin ium by indium, sulfur by selenium, chlor ine by bromine 
or iodine, and cesium by tha l l ium or potassium. 

The same procedure as previously described is used for  glass preparat ion.  In 
the case of the bromine der ivat ives,  for  instance for  the CsAISeBr 2 glass, the method 
of preparat ion has been s l ight ly  mod i f ied  in using Br 2 as s tar t ing mater ia l  instead 
of  AIBr 3 and fo l low ing  the equat ion : 

CsBr + AI + Se + 1/2 Br 2 ÷ CsAlSeBr 2 

The sealed tube, a f te r  being evacuated at N 2 l iquid tempera tu re  is heated in boi l ing 
water  in order  f i rs t  to react  AI and Br 2 unt i l  the brown vapors of  Br 2 have disappeared ; 
then the tube is int roduced in the furnace and heated to 600 ° C. A to ta l  o f  six new 
composi t ions have been proved to lead to v i t reous mater ia ls  in just cool ing the sealed 
si l ica tube at room tempera tu re .  The Table I gives the d i f fe ren t  a t temp ts  w i th  the 
results leading e i ther  to v i t reous mater ia ls  or to crys ta l l ine compounds. 
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TABLE I 

Experiments on glass formation 

F o r m u l a  Glass f o rma t i on  

Cs AI  S CI 2 (5)  yes 
Cs AI  S CI Br yes 
Cs AI  S Br 2 (5) yes 
Cs AI  Se CI 2 (5) yes 
Cs AI  Se CI Br yes 
Cs AI  Se Br 2 yes 
Cs AI  S 12 no* 
Cs AI  Se 12 no* 
Cs AI  Te CI 2 no 
Cs A I Te Br 2 no 
Cs In Te CI 2 no 
K AI  S CI 2 no* 
K A I S Br 2 no* 
K In S C 1 2 no* 
TI AI  S Br 2 no* 
Cs A I 0 ,  8 Se Br 2 no 
Cs AI  S C12, 5 no 
Cs A l l / 2  In1/2 Se CI 2 no* 
Cs A l l / 2  In1/2 S Br 2 no 
Cs AI S1/2 T e l / 2  CI 2 no 
Cs AI  S1/2 T e l / 2  Br 2 no 
Cs A l l / 2  In1/2 S1/2 T e l / 2  C l  2 no 
Cs Ga S CI 2 (6)  yes 

* Sample  quenched in c o l d  wa te r .  

FIG. 1 

Sample's of CsAXY 2 type glasses kept in vacuo. 

The Fig. 1 
represents some samples 
o f  a lumin ium th ioha l ide  
glasses which must 
be kept  in s i l ica sealed 
tube because of  a 
ve ry  fast corros ion 
by a tmospher ic  hum id i t y  
w i th  HCI and H2S 
vapor  f o rma t i on ,  



1520 M. LE TOULLEC, et al. Vol. 22, No. 11 

Thermal properties- Characteristic temperatures 

Due to their  very poor chemical durab i l i ty  in air  and corrosive propert ies of  
the melt ,  these glasses have not been analysed by D i f fe rent ia l  Scanning Ca lor imet ry  
using sealed anodized aluminium capsules. The best results have been obtained in sealing 
small pieces of  glass in thin cooled plat inum tubes and examined then by D.T.A. The 
Table II gives the results for  six glass compositions, including also the density of  the 
d i f fe rent  glasses measured by the hydrostat ic method using dry CCI 4. 

Table II 
Table II 

Characteristic temperatures : Tg, Tc, TI respectively glass, crystallization, liquidus 
temperatures (melting points) for some aluminium thiohalide glasses. 

Also the density is given. 

G lass composit ion Tg ( °C)  Tc ( °C)  TI ( °C)  Densi ty(gem -3) 

CsAISC 12 193 2.34 
CsAISC IBr 174 2.89 
CsAISBr 2 167 3.31 
CsAISeC 12 208 262 400 2.88 
CsAISeC IBr 192 266 380 3.26 
CsA I SeBr 2 180 265 370 3.59 
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FIG. 2 

D.T.A. curves for CsAISeCl 2 
and CsAISCI 2. Heating rate 
is I0 ° C/min. 
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It is c lear  tha t  the  sul fur  con ta in ing  compounds are the best glass f o r m i n g  
ma te r i a l s  and no c r y s t a l l i z a t i o n  has been d e t e c t e d  w i th  a heat ing  ra te  of  10 ° C / m i n u t e .  
As also i nd i ca ted  on Table  II, the Se d e r i v a t i v e s  have a poor  res is tance towards  
c r y s t a l l i z a t i o n  which occurs around 265 ° C. The Fig. 2 represents  a t yp i ca l  D.T.Ao 
curve  fo r  the 91asses CsAISeCI 2 and CsAISCI2:  fo r  CsAISeCI2,  d i s t i nc t  peaks o f  
c r y s t a l l i z a t i o n  and m e l t i n g  are seen. 

S p e c t r ~ i c a l  i n v e s t i g a t i o n s  

Prev ious Raman studies 
o f  the glass CsAISCI 2 by Berg 
(5, 6) showed, as ind ica ted  in 
Fig. 3, a s t rong band at 325 cm - I  
a t t r i b u t e d  to the v ib ra t i ona l  
mode of  the e l e m e n t a r y  "AIS2C12" 
t e t r a h e d r a  or at 315 c m - "  fo r  
GaS2CI 2. The p o l y m e r i z a t i o n  
of  these t e t r a h e d r a  by sharing 
the corners occup ied  by S a toms 
leads to  a p o l y m e r i c  anion 
(AISCI2)n n responsib le  o f  the 
high v i scos i t y  o f  the me l t  and 
consequen t l y  the easy v i t r i f i c a t i o n .  
These i n f i n i t e  chains represented  
in Fig. 4 can loose ve ry  eas i l y  
t he i r  p e r i o d i c i t y  by r o t a t i o n  
and bending a long the A I - S - A I - S  
bond ;: th is g iant  anion is coun te r -  
ba lanced by large Cs + cat ions 
which keep these chains separa ted  
f rom each o ther .  It must be 
no ted  tha t  the size of  the a lka l i  
ca t ion  is c r i t i c a l  and tha t  it 
has not  been possible to synthes ize 
the  equ iva len t  K + or Na+con ta in ing  
glasses ; however,n the chain 
anions (AISCI2) n are f o rmed  
in me l t s  d i l u t ed  w i th  K AIC b4 
or N a A I C i q  and such me l t s  when 
not too d i l u ted  also tend to f o rm 
glasses. 
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R e p r e s e n t a t i o n  o f  the 
chain (A ISCI2 )n- 
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FIG. 5 

I.R. transmission spectra for CsAXY 2 type glasses 
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With such a prominent  Raman f requency at 325 cm -1, the associated v ibra t iona l  
mode of the CsAISCI 2 glass must correspond to a mul t iphonon absorpt ion edge located 
in the 10 ~m region ; this to be compared to the ZrF4-based glasses w i th  a f requency 
v = 550 cm -1 and an I.R. edge at about 7 ~=m (1) and ZnCI 2 glass w i th  v 230 c m - "  
and I.R. edge at 13 ]Jm (2), 

The I.R. transmission spectra of  several glasses have been recorded in using 
a special technique because of the very strong corrosive behaviour of these mater ia ls  
in a tmospher ic  condit ions. 

The pieces of glass roughly polished are handled in a dry box and introduced 
in a closed sample holder equipped wi th  two  KBr windows. This system al lows for  the 
record ing of  the glass spectrum under atmospher ic  condit ions, but a small corrosion 
of surface is impossible to avoid. 

The Fig. 5 represents the I.R. transmission spectra of the four glasses, CsAISCI2, 
CsAISBr 2, CsAISeCI 2 and CsAISeBr 2. The examinat ion  of  these spectra indicates c lear ly  
that  the samples have been s l ight ly  corroded by humid i ty .  The presence of OH peak 
in the 3 t:m region and H20 v ibrat ions at 6.2 um shows that  some oxygen is present 
in the glass, leading to the fo rmat ion  of  AI-OH or AI-O paras i t ic  bonds which mod i f ied  
st rongly  the mul t iphonon absorpt ion region. The I.R. c u t t o f f  in the 7-8 um region 
is not corresponding to the Raman frequency of 320 cm -1 measured on samples, which 
have been kept in sealed si l ica tube and are not corroded. 

The i l l -de f ined I.R. edge observed here on the samples examined for  I.R. spectra 
could be a t t r i bu ted  to water  a t tack  of  the samples dur ing the d i f fe ren t  manipulat ions.  

Conclusion 

This new fam i l y  of  non-oxide glasses has been demonst ra ted to be a new or ig inal  
class of  chain l ibre v i t reous mater ia ls  : the pro to type CsAISCI 2 glass w i th  AI-S or 
AI-CI bonds was a potent ia l  candidate as I.R. t ransmi t t i ng  mater ia l  because of an 
expected I.R. edge in the 10 um region and a good s tab i l i t y  versus dev i t r i f i ca t i on .  
Unfor tunate ly  because of  a poor chemical  du rab i l i t y  towards humid i ty ,  the opt ica l  
proper t ies  of  such mater ia ls  are st rongly a f fec ted  and they wi l l  need some special 
wa te rp ro f f  coat ing to keep the i r  t ransparency. 
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