
STUDIES ON THE CRYSTALS SEPARATING FROtM AQUEOUS LITHIUM 
NITRATE SOLUTION 
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Syst~ti~iltit: stutlies (I, 2 ,  ::, 1) on 1ithil1111 ~ l i t r . ~ t e - ~ . ~ t ~ r  S ~ S ~ C I I I S  hi~ve cst;lblishiul the 
existence of LiNOa.3H20. I n  fact Can~pbell ;~ntl B,liley (36) have I I O ~  only isolated this 
salt hut have succccdetl it1 recording its X-ray po\rder dii~gr;~tii. During the course of 
some investigatior~s 011 I.iSOrHzO systcn~s i l l  this Institute (5) very g m l  single 
crystals of LiNOn.3H20 were obtained. This note r e p ~ r t s  the deternlination of its space 
group as well its some morphological studies of anhydrous LiKOJ crystals separating 
from aqueous solution a t  various temperatures. 

When an aqueous I.iNO.I sblutio~i corrcspo~~dit\g to the con~position of the trihydrate 
(56.11% LiNOa by weight) is cooled to -5' (1 s1wntalteous crystallization wrurs  with 
the deptmitio~~ of n nxlss of I,iNO3.3fI20 rryst;ils. If one of these tiny crystals is used 
to inoculate a more dilute solutiorl (50% LiSOa) n~itl the ten~pril ture maintained con- 
stant (say a t  25' C), extreniely well defined erlliedral crystiils, sotnetinles as large a s  
6 cm X 2 c ~ n  X 1.5 cni, roultl Ije growl1 t lu r i~~g  the course of 2 d;iys. 

The crysti~ls ap1w;tretl to I~elo~ig to the orthorho~iibic syste~n ,111~1 the peculi;lr distri- 
bution of the faces suggestccl ,L hetniniorphic for111 lacki~ig n retiter of sy~nnletry (point 
group mm2). The a .1nd b faces were well develolml wltile the c face (perpendicular 
to the axis of elongatio~l) coultl be recognizcvl o~lly in r;tre cases. Two prominent faces 
which m;ltle respec-tivcly 28' and 46O with the b fa(-c werc later identified as the (110) 
and (120) planes. Thesc angles werc nle;tsuretl with contact gonionieter because of the 
inherent difficulty of n~oi~c~titrg these excessively hygroscopic, low-melting crystals on 
a two-circle goniometer. 

Using a few flawless cryst;\ls the density \\.;IS detcrniiniul by the flotation 111ethod 
(brornoforn~ + xylenc rnixturc) to be 1.55. 

Rotation ;ttitl Weisseriberg ~)liotogral~hs . \ h u t  the r ;\xis were taken with n single 
crystal ericlosetl i l l  ;I I , ~ I I ( ~ ~ I I I ; I I ~ I I  gI;iss tube. The cryst;ll txlotigs to the orthorhoillbic 
symmetry with unit cell tli~nensiolis a = 6.82 L\, b = 12.78 ,A, and c = 6.05 .A. The 
observed density gave four nlolecules in the unit cell. . 

From hkO, hk l ,  and hk2 Weisseriberg photogr:tphs it was fou~ld that the constraining 
corlditio~~ for the appe;tr;ulce of hkl reflections was h+k = 2n,  while that for the hOl 
reflections was ( h  = 2n), 1 = 2n. All the other reflections like hRO, Okl, hOO, OM, and 
001 were also governed by these two conditions. The only sp;1re groups consistent with 
these conditions are (6) : 

centrosy~nn~etric space group C r n ~ r n - D ~ ~ ~  (No. 63) 
or 

non-ceiltrosytnmetric space groul~s C ~ n c 2 - C ~ ~ ~  (NO. 40) 

CrncZ1-C*'* (No. 36). 
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If any weight could be given to the cursory morphological examination mentioned 
earlier, the crystal should belong to one of the latter two noncentrosymmetric space 
groups. The crystal structure analysis of this substance is in progress. 

A powder photograph of LiN01.3H20 was taken using a 9-cm Unicam powder camera. 
Since the specimen diameter was nearly 0.6 mm, high resolution could not be attained. 
Table I gives an approximate visual estimate of the intensity of each line, its spacing, 

TABLE I 
Powder data of LiNOI.3H,0 

d,  
No. Intensity observed 

1 VW 6.40 
2 W 6.01 
3 S 4.31 

Index 
d. 

calculated 
d, Campbell . 
and Bailey 

6.13 

its i.ndex, and spacing co~nputed from the Weissenberg data as also the values reported 
by Campbell and Bailey. The present measurements are accurate to lyo only. 

The work of Campbell and his co-workers has definitely disproved the existence of 
lithium nitrate hemihydrate (LiN03.$H20) which Donnan and Burt (1) reported. 
-4ccording to these authors the anhydrous salt separating at higher temperatures (70 
to 90°C) had a different crystal form from the "hemihydrate" crystals which they 
claimed were formed in  their experiments at about 40' C. However, this suggested that 
the morphological study of crystals grown from concentrated aqueous solution by 
evaporation or by cooling at various temperatures from O°C to  !lOO C would be of 
interest. These crystals were most carefully examined optically and goniometrically. A 
simple plastic attachment was made to the Unicam two-circle goniometer to conipletely 
prevent moist air from coming in contact with the hygroscopic crystals. Although the 
measurement of the angles were neceswily inaccurate (due to the intervening thin 
plastic cover) there was no doubt from the stereographic projections that all the crystals 
obtained were definitely the anhydrous rhornbohedral LiN03. The crystals, however, 
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exhibited a profusion of faces and forms, the most prominent being c(0001), m(10io). 
r(1Of 1) ,  0(0221), e(0112). and ~ ( 2 1 3 1 ) .  Measurement of the rhombohedra1 angle gave 
a value 72'30' well in agreenlent with that computed from X-ray data (7) (72" 42')~ 
for anhydrous LiNOs. 

I t  is perhaps worth while mentioning that it was impossible to separate out the tri- 
hydrate crystals from concentrated solutions of lithium nitrate even at temperatures is 
low as 0' C. Neither do these crystals form on the slow removal of water from saturated 
solution above -5' C. This is due to the strong tendency of LiNOJ.3H20 to supercool 
and it is precisely for this reason that seeding of the solutioil has to be resorted to for 
preparing the trihydrate crystals at ambient temperature (25' C). 

The authors wish to thank Professor K. R. Krishnaswamy and Professor R. S. Krishnan 
for their kind interest in this work. 
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