
438 Journal of Alloys and Compounds, 183 (1992) 438-443 
JALCOM 7039 

Quaternary pseudo-intercalation phases Tx [Nb2S2C] (T-V, 
Cr, Mn, Fe, Co, Ni, Cu) and metastable Nb2S2C formed by 
topochemical synthesis* 

H. Boller 
Institut f i ir  Chemie der Johannes-Kepler Universit~t Linz, A-4040 Linz-Auhof (Austria) 

K. Hiebl 
Institut f i ir  Physikalische Chemie der Universitdt Wien, A-1090 Wien, Wdhringerstr. 42 
(Austria) 

(Received October 16, 1991) 

A b s t r a c t  

The title phases are prepared by topochemical reaction starting with Nb2SC. They are 
isotypic with the corresponding intercalation compounds of Ta2S2C. Nb~S2C is formed 
by deintercalation of CUo.7[Nb2S2C]. It is isotypic to 1T-Ta2S2C. The magnetic properties 
are determined. 

1 .  I n t r o d u c t i o n  

Ta2S2C and Ta2Se2C are interesting layer compounds [1, 2]. However 
an analogous phase with niobium cannot be prepared by direct synthesis. 
The H-phase Nb2SCI_~ [3, 4] is the only ternary compound in the Nb-S-C 
systeM. Ta2S2C is a versatile host  lattice for intercalation [ 5 -7  ], the intercalation 
phases with the first row transition metals titanium to copper being the most 
stable. This observation prompted us to try the synthesis of the analogous 
quaternary compounds with niobium. 

2 .  S y n t h e s e s  

As it is very difficult to equilibrate multicomponent samples of the heavier 
transition elements at temperatures around 1000 °C, mixtures of Nb2SCo.gs 
with sulfur and the respective transition metal powder were chosen as starting 
materials. The crystal structure of  Nb2SC is built up by a close packed 
stacking of hexagonal layers with sequence ..NbCNbSNbC... while the pres- 
umptive structure of  T~ [Nb2S2C] should have the stacking sequence 
..NbCNbSTSNbC... The synthesis of the quaternary phases can thus be 

*Dedicated to Professor W. Bronger and Professor Ch. J. Raub on the occasions of their 
60th birthdays. 
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Fig. 1. Topochemical reaction scheme of the formation of T= [NbeS2C] phases and Nb2S2C 
((110) sections through the unit cells). 

visualized by insertion of an additional sulfur layer and the transition metal 
into the lattice of the H-phases (Fig. 1). 

The phases were formed by heating the reaction mixtures to 1000- 
1200 °C for 48 h in sealed silica tubes. The phases with chromium, iron 
metals and copper form most readily. In the case of vanadium and manganese 
a second heat treatment was necessary. With titanium no synthesis was 
successful. 

The products were fine, polycrystalUne, black-gray powders in all cases. 
They were stable in air, with the exception of the copper compound which 
was partially deintercalated by slow oxidation (vide infra). 

3. Phase  analyses  and crystal  s tructures  

All materials were investigated by Guinier photographs. The lattice 
parameters were refined by the computer program GITTER [8]. 

It was difficult to determine exactly the ranges of existence with respect 
to the T element because of the very small dependence of the lattice parameters 
on x. An average range of 0.35~<x<0.7 is estimated for T = V  to Ni, while 
x is about 0.7 for Cu= [NbeS2C], prepared by high temperature synthesis. 

The powder diagrams of the phases with T--V to Ni could be indexed 
with a triple primitive hexagonal unit cell indicating a 3R stacking of the 
Nb2SeC partial lattice with the T-metal situated in octahedral sites of the 
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Van  d e r  W a a l s  g a p .  H o w e v e r ,  Cux [NbeS2C] h a s  a p r i m i t i v e  h e x a g o n a l  ce l l  

c o r r e s p o n d i n g  t o  a 1T s t a c k i n g ,  c o p p e r  b e i n g  t e t r a h e d r a l l y  c o o r d i n a t e d  b y  

su l fu r .  T h e  t w o  c r y s t a l  s t r u c t u r e s  o b s e r v e d  a r e  a n a l o g o u s  t o  t h o s e  o f  t h e  

Tx [Ta2S2C] p h a s e s .  In  T a b l e  1 t h e  l a t t i c e  p a r a m e t e r s  a r e  c o m p i l e d ;  in  T a b l e s  

2 a n d  3 i n t e n s i t y  c a l c u l a t i o n s  f o r  Cro.~ [Nb2S~C] a n d  Cuo.~ [Nb2S2C] a r e  
p r e s e n t e d .  

TABLE 1 

Lattice parameters and magnetic data of Tx [Nb2S2C] phases 

a (/~) c (~) ~°~ ( ~ B )  x~x iO  -~ ~ (K) 
(cm 3 mo1-1) 

V0.6 [Nb2SzC] 3.294 25.76 1.0 1.8 3 
Cro.B [Nb2S2C] 3.306 25.62 2.4 6.2 - 4 5  
Mno.5 [Nb2S2C] 3.306 25.97 5.3 2.7 - 4 0  
Fe0.5 [Nb2S2C] 3.303 25.83 4.9 0 33 
Coo.5 [Nb2SaC] 3.305 25.11 1.7 1.0 30 
Ni0.5 [Nb2SaC] 3.303 25.33 0.8 5.2 33 
Cuo.7 [Nb2S2C] 3.310 9.03 0 1.R - 
NbzS2C 3.27 8.56 0 0 - 

XT~, temperature independent peremepnelism; Op, peremepnetic 

TABLE 2 

Powder diagram of 3R-V0. 5 [Nb2S2C] (Cu Kal) 

Curie temperature. 

h k I dob, Iob6 Ic~¢ h k l do~, Io~, I~c 

(003) 8.5692 vst 100 (119) ~ 1.4306 mw 1 4 ~  
(006) (4.2883)* -- 0 (00.18) J 1.4301 4 J 
(009) 2.8598 w 12 (021) 1.4282 w 12 
(101) 2.8421 st 74 (202) (1.4215)* - 0 
(012) (2.7923)* - 2 (10.16) 1.4030 mw 15 
(104) 2.6160 m 35 (024) 1.3955 w 8 
(015) 2.4996 st 92 (205) 1.3783 mw 18 
(107) 2.2578 st 85 (01.17) 1.3396 w 17 

(00.12) 2.1430 mw 23 (027) 1.3334 mw 21 
(018) 2.1380 vst 95 (11.12) ~ 1.3077 st 40 

(10.10) 1.9129 w 8 (208) J 26 J 
(01.11) (1.8108)* - 2 (02.10) (1.2501)* - 3 
(00.15) 1.7177 vw 7 (00.21) (1.2252)* - 2 

(110) 1.6534 rest 74 (10.19) (1.2240)* - 5 
(10.13) 1.6285 m 28 (20.11) (1.2202)* - 1 

(113) 1.6226 w 11 (11.15) 1.1886 mw 17 
(01.14) (1.5462)* - 2 (01.20) 1.1727 mw 17 

(116) (1.5412)* - 0 (02.13) 1.1589 w 13 

*Unobserved, d-value calculated. 
m, medium; row, medium weak; rest, medium strong; st, strong; vst, very strong; w, weak; 
vw, very weak. 
R3m, V in 3b; Nb in 6c, z~ffi0.377; S in 6c, Zs=0.220; C in 3a. 



TABLE 3 

Powder diagram of 1T-Cu0.7 [Nb2S2C] (Cu Kal) 
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h k I dob, Iob~ I~1¢ h k I dob~ lob~ I¢~¢ 

(001) 8.9596 st 59 (105) 1.5287 mw 10 
(002) (4.5150)* - 0 (006) 1.4970 vw 0.4 
(003) 3.0070 m 6 (113) 1.4509 w d** 7 
(100) 2.8726 st 49 (200) 1.4359 m 8 
(101) 2.7338 mst 30 (201) 1.4175 w d 6 
(102) 2.4213 vst 100 (202) 1.3690 st 22 
(004) 2.2565 m 15 (114) 1.3350 st d 22 
(103) 2.0758 st 64 (106) 18 
(005) 1.8064 mw 6 (203) 1.2950 m 18 
(104) 1.7753 m 30 (007) 1.2940 vw 4 
(110) 1.6572 vst 53 (115) 1.2202 m 13 
(111) 1.6302 mw 6 (204) 1.2100 mw 11 
(112) (1.5539)* - 0 (107) 1.1760 m 14 

*Unobserved,  d-value calculated. 
**diffuse. 
Abbreviat ions as defined in Table 2. 
P3ml ,  all atoms in 2d: Zcu=0.440; ZNb=0.127; ZS=0.682- 

4. Metastable  Nb2S2C 

C o p p e r  can be deintercala ted  by  t rea t ing Cux [Nb2S2C] either with 
concen t r a t ed  hydroch lor ic  acid o r  with iodine in acetonitrile.  A two-step 
t r ea tmen t  is neces sa ry  to  comple te ly  r emove  the copper .  The deintercalat ion 
is indica ted  by  a dramat ic  decrease  o f  the  c axis (Table 1) a c c o m p a n i e d  by 
a line b roaden ing  in the  p o w d e r  d iagrams  indicat ing s tacking disorder.  We 
did no t  succeed  in deintercala t ing the 3R-phases.  

5. Magnetic  propert ies  

The magne t i c  susceptibil i t ies were  measu red  with the SUS 10 Faraday  
Magne tome te r  [9] in the range  8 0 - 5 5 0  K. At r o o m  tempera tu re  all samples  
are pa ramagne t ic .  The t empe ra tu r e  d e p e n d e n c e  of  the susceptibili t ies obeys  
a Cur i e -Wei s s  law a u g m e n t e d  by  a t empera tu re  independen t  term. The 
magne t i c  pa rame te r s  are given in Table 1. Fe~ [Nb2S2C] samples  show a 
m o r e  c o m p l e x  behavior ,  with a N6el-point  like m a x i m u m  be tween  190 and 
346  K ( x =  0.4 and  0.6 respect ively) .  The concen t ra t ion  d e p e n d e n c e  o f  this 
m a x i m u m  allows us to  loca te  the  iron r ich phase  bounda ry  close to x =  0.6 
(Fig. 2). 

The magne t i c  susceptibil i t ies o f  Cuo.7 [Nb2S2C] are  ve ry  small 
( X g = 4 × 1 0 - 7  cm a g - l )  and  a lmos t  t empera tu re  independent .  On deinter- 
cala t ion o f  c o p p e r  the susceptibil i t ies are r educed  to values  of  +5 )<  10 - s  
cm a g - 1  ( = 0 ) .  
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Fig. 2. Temperature dependence of the magnetic susceptibilities of Fe= [Nb2S~C ] phases. 

6. D i s c u s s i o n  

The structural features of the above described phases are very similar 
to those of the T~ [Ta2S2C] intercalation compounds.  The maximum degree 
of  intercalation, however, is about  twice in the 3R-T~ [Nb2S2C] phases. 

The interlayer distance in the Van der Waals gap of  the Nb2S2C host 
lattice in 1T-Cuo.~ [Nb2S2C] is --0.5 /~ larger than in the 3R-phases. This 
fact explains why the 1T-phase can be  deintercalated by soft chemical methods 
and the 3R-phases cannot. 

The magnetic moments  vary in a smooth fashion from vanadium to 
copper  with a maximum for manganese and iron. The values of the moments,  
however, are smaller than the appropriate spin-only moments.  This observation, 
together  with the relatively high temperature  independent  paramagnetism 
XTn~ of the 3R-phases, suggests a partially delocalized, metallic type of 
bonding. The main contribution to paramagnetism, including the temperature 
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independen t  part ,  c o m e s  f rom the 3d t ransi t ion elements.  This is indicated 
by the ra ther  low p a r a m a g n e t i s m  of  1T-Cu0.7 [Nb2S2C], compat ib le  with 
Cu(I), and  the  even  lower  one  o f  de in terca la ted  Nb2S2C (Xg ~ 0). 

The Fex [Nb2S2C] phases  show an interest ing magne t ic  behavior  (Fig. 
2) which  migh t  indicate an t i fe r romagnet i sm.  In this case, however ,  magnet ic  
order ing  would  o c c u r  be tween  i ron-bear ing layers separa ted  by 8.6 /~. A 
neu t ron  diffraction s tudy  is in progress .  

We  sugges t  the t e r m  "pseudo- in te rca la t ion"  phase  for  te rnary  or  higher-  
c o m p o n e n t  c o m p o u n d s  be ing  s t ructural ly  or  chemical ly  closely related to 
intercalat ion phases ,  a l though  the  hos t  lattice alone does  no t  exist  as a 
t he rmodynamica l ly  stable c o m p o u n d .  Apar t  f rom the crystal  s t ructure  typical  
chemical  p roper t i e s  o f  in tercala t ion phases  are non-s to ich iomet ry  with respec t  
to the intercalate,  and  in m a n y  cases  mobil i ty  and  reactivi ty o f  the intercalate 
species,  of ten a c c o m p a n i e d  by r e d o x  p h e n o m e n a  of  the hos t  lattice. Besides 
the title c o m p o u n d s  several  o ther  cha lcogen ide  phases  of  this kind are known,  
e.g.  layered phases  MxVS2 [10], M~CrS2 [11, 12] o r  Chevel phases.  In some 
cases  the metas tab le  hos t  lattice can  be isolated by soft  chemical  deinter- 
calation, e.g.  Nb2S2C, VS2 [13], CrSe2 [14] or  Mo~S4 [15]. 
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