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NEUTRON DIFFRACTION STUDY OF N2-CsC24 
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Figure 1 : Logarithmic intensity plot of the experimental scan of p m  Csq4 at mom 
temperature (dotted line). 'Ihe continuous line is the result of a model with a parhal 
pfd orien~on W o n  [6] : Gl+(l-Gl)exp(c2*(es,>2> [G1=0.54, G2=0.012, 
and e,,=26°]. 101 lines belonging to the mte netwok are indexed (100, and 
1043. 
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Figure 2 : Ratio of the sorbed molecules at equilibrium to the number of inWated 
alkali atom "2/C$&] as a function of the temperature. 
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Figure 3 : Vatiation of the identity period I, of the 2nd stage Cs(N&Cn (1~24)  with 
the amount of SOM N2 p-JCG4] (Circle); with the temperature [in Kelvin] 
(m@ 
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102 L. DUCLAUX e r d .  

'The 001 lines of the 2nd stage Cs(N& (1~24)  were well reproduced at 220 K 
(Fig. 4) talung N&k+O.5 and an 44.5 1 A in agreement with the experimental 
values of sorbed amount of nitmgen at this ternperatwe (Fig. 2). The propohon of 
first stage CSC, is very weak as co- to the 2nd stage c~(Nh,~~C&(Fig. 4). 
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Figcrre 4 : Logarithmic intensity plot of the experimental scan of C G 4  saturated 
with Nz (,N;JCG4=0.S) at 220 K (dotted line). The Continuous line is the result of a 
model of the oo[ lines with 93% of 2nd stage Cs(N&,,C, partly interstx&ied with 
pure first stage CsCs (undhed 001 indexes). 

The identity period I, of the 2nd stage C$N&C, (1~24)  increases k l y  
with the N,mntent until 170 K corresponding to a rate of 0.8 N,/CsC;, (Fig 3). At 
T<170 K, there is a change of the slope (Fig. 3)  and I, of the 2nd stage i n c m  
more slowly with increasing N;JCG4 content. Actually below 170 K, the 2nd 
stage N2Cs layers are progressively saturated by additional N2 molecules so that a 
fkst stage N2€s ternary gaphitide is formed. An example of neutron diffraction 
pattern at 150 K is shown in fip 5. The 001 peak of this new structure 
interstratified with the previous CsC8 and Cs(NJ,C, phases is visible but the 002 
line is included in the 003 line of the 2nd stage phase, explaining that this peak is 
larger than the othm of the same f d y  (Fig 5). According to a simple model in 
which the N2 molecules would be padel  to the graphite planes, the identity period 
I, of the first stage N,-Cs ternary can be estimated to be 2rN2%==6.45 8, (where rN2 

and respectively the Van der Vaals mbi of Nitrogen : 1.55 A and the distance 
between two graphite layers : 3.35 A) in good agreement with the experimental 
d u e  of 6.4 A. However, the measuTed value of 2r, was found to be 2.86 A [2] 
yielding 2r,+&=6.21 A so that the measturd identity period (6.4 A) could be 
explained by the tilt of the nitrogen molecules in relation to the pphite planes. 

At lo0 K, complete physisorption is achieved. Indeed. horn T= 100 K to 10 
K the 001 intensities  main unchanged, and only the identity period of the 2nd stage 
slowly decreases with decming temperatiue (Fig 3). Due to the &zing of the 
cesium atoms at low tempemtuut [a] the motion ofthe cesiuni atoms cannot occur 
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NEUTRON DIFFRACTION STUDY OF N ~ - C S C ~ ~  - 103 

anymo~, and as awnsequence the system remains a m k m  ofthe three sttuctures 
previously Qescribed However changes were observed in the hk. lines (Fig. 5 )  
appearing at T460 K, attri%uted to the 2D order ofnitrogen and cesium. 
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Figure 5 : Experimental scan of CSC, saanated withN, at 150 K. The pattan 
coIlsists of 001 lines of a k a  stage WE (underlined indexes) and a fixst stage 
Cs(N&C,,,(bold indexes) with the lines belonging to the 2nd stage Cs(NJ$,, 
(normal indexes). 
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Figure 6 : Logarithmic intensity plot of an experimental scan of Csq, saturated 
with Ni at 160 K (dotted line). The continuous line is the result of a model of the 001 
lines with a mixtutz of 25% lint stage CS(NL)~.~C~~ (44 .37  A, bold indexes) and 
17% of the binary first stage CsCE (Ic=5.98 A underlined indexes) intershatifid in 
the 2nd stage Cs(N&,, ,C32 Kq.7 1 4 normal indexes). 

Intercalation at higher pressure 
When high pressute (>2.7 bar) was applied on the system cooled at 70 K, 

part of the nitrogen was physisorbed in the 2nd stage layers and liquid nitrogen was 
also formed. When loweMg temperahue, reversible liquid-solid transition of 
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I04 L. DUCLAUX el ( I /  

nilmgen was observed. Upon heating, the nitmgen pressure applied to the system 
incmse dramatically leadmg above T=l50 K to the f d o n  of a first stage N2€s 
temary -tide K4.37 A) together with 2nd stage Cs(N&C,, (1~24) and pure 
stage one C G .  When the system is submitted to more than 9 bar at T=165 K, the 
content of first stage derivative was found about seven times higher than at 1.3 bar. 
This result indicates that the pportion of this first stage N,€s temary graphitide is 
related to the pressure and as a consapme, the rate of N2 increases 
with inmasing pressure applied to the system. Fitting the 001 lines intensities (Fig. 
6), it can be deduced that the compound at 160 K is a mixture of 25% sepgated 
fkt stage Cs(N3, &, (44.37 A) and 17% binary first stage CsCs (Ic=5.98 A) 
in-ed with the 2nd stage CS(TJA,C,~ (44.71 A). The fkt stage temary 
gmphitide structure revemibly at 170 K and only 2nd stage Cs(N&2,, 
( ~ 2 4 )  and pure CsCs remain stable above this temperature. 

CONCLUSION 
In agreement with previous results, it was found that due to its larger interlayer 
distance, CsC,,, is a best sovtive agent than R K 4  and KC;, [ 1 -21. As decming 
the temperatme, the N, molecules firstly interdates in the 2nd stage Cs@JXC, 
(rP24) and at T470 K a first stage ternary CS-N, graphitide is formed. The 
sorption phenomena is enhanced by applying high p m s m  and it is completely 
achieved at T=lo0 K. Upon deem the temperatme, the N, molecules M y  
intercalates in the cesium layers. Pressure eff'ect leads to the redistribution of cesium 
giving a mixture of 2nd stage Cs(N&C,, (1~24) and 1st stage CsCs. Below 170 K, 
increasing the amount of inkdated nitrogen leads to transfming a part of the 2nd 
stage Cs(N&C, into 1 st stage Cs(N&C,,,. At lo0 K, the mobitity of the cesium 
atoms becomes so low that Mer inkmilation cannot proceed. Applying high 
nitrogen pressure enhances drastically the amount of 1st stage temary graphitide 
which is obviously the ultimate step of nitrogen intemhtion. 
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