
214 

Acta Cryst. (1984). B40, 214-218 

The Low-Temperature Phase of Sodium Azide 

BY S. R. AGHDAEE* AND A. I. M. RAE 

Department of Physics, University of  Birmingham, Birmingham B 15 2 T'I', England 

(Received 1 September 1983; accepted 3 January 1984) 

Abstract 

The low-temperature phase  of  sodium azide has been 
studied at a number  of  temperatures between 12 and 
293 K using a combina t ion  of  single-crystal and pow- 
der X-ray techniques.  The structure is monocl in ic  
with space group C2/m. The unit cell undergoes a 
d iscont inuous  shear  of  0.5 ° in the ac plane from the 
rhombohedra l  (R3m) structure at the transit ion tem- 
perature (292.2 K), and this is followed by a con- 
t inuous change amount ing  to a total shear  of  5-3 ° at 
12 K. The unit-cell d imensions  at 12 K are a =  
6.1654(5),  b = 3 . 6 3 5 0 ( 3 ) ,  c = 5 . 2 6 3 4 ( 6 )  A, /3= 
107.543 (5) °, and Rwp = 14.7. It is concluded that the 
transit ion is of  the ferroelastic type and is nearly, but 
not exactly, second order. 

Introduction 

Sodium azide crystallizes in the rhombohedra l  space 
group R3m at high temperatures and undergoes a 
transi t ion to a low-temperature monocl in ic  phase at 
a round 290 K (Pringle & Noakes,  1968). The crystal 
structure of  the high-temperature  phase has been 
accurately studied using both X-ray and neutron 
diffraction data (Stevens & Hope, 1977; Choi & 
Prince, 1976) and the phase transit ion has been sub- 
ject to considerable  exper imental  and theoretical 
investigation by other techniques (Iqbal,  1973; 
Simonis  & Hathaway,  1974; Jeffrey, 1977, Carl ing & 
Westrum, 1976; Raich & Gillis, 1976; Raich & Hiiller, 
1979), but  there is little structural informat ion  on the 
low-temperature phase.  The present work was carried 
out with the aim of  determining the monocl in ic  struc- 
ture as a funct ion of  temperature over a wide tem- 
perature range below the transition, paying part icular  
attention to structural changes in the vicinity of  the 
transi t ion temperature.  

Experimental 

The investigation was carried out using single-crystal 
X-ray diffraction techniques in the temperature  range 
160 to 282 K and powder  X-ray data in the range 12 
to 286 K. Single crystals of  sodium azide were grown 
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by slow evaporat ion of  a solution in ethanol.  A suit- 
able crystal of  approximate  d imensions  0-1 x 0.15 x 
0.5 mm was enclosed in a thin-walled capil lary tube, 
to prevent subl imat ion,  and rotated about  its long 
axis in a Weissenberg camera. This turned out to be 
the a axis of  the high-temperature  rhombohedra l  cell 
(referred to hexagonal  axes). Using Cu Ka radiat ion,  
zero- and first-layer data were collected at a number  
of  temperatures  between 160 and 282 K, the low tem- 
peratures being produced by a stream of  cold nitrogen 
gas. The photographs  showed the crystals to be triply 
twinned,  as is expected from the nature of  the phase 
transit ion (Fig. 1). The intensities of  the reflections 
from each of  the three fragments were measured and 
placed on the same soale by compar ison of  the 
intensities of  reflections common to two or more 
fragments.  In this way 112 independent  reflections 
were measured,  the use of  data from more than one 
fragment  resulting in a reasonably even distr ibution 
of  measured  points in reciprocal space, despite the 

Fig. 1. The crystal structure of the fl phase of sodium azide. The 
filled circles represent Na ÷ ions and the triplets of open circles 
azide ions. The structure is shown referred to both rhombohedral 
and monoclinic unit cells: in the low-temperature phase the 
latter distorts by a shear in the ac plane, and a rotation of the 
azide ions about axes parallel to b. It follows from the rhombohe- 
dral symmetry that the structural phase change can occur in any 
one of three equivalent directions, leading to a triple twinning 
of the crystals in the low-temperature phase. Understanding of 
the phase transition is assisted by referring the monoclinic struc- 
ture to a non-reduced cell of dimensions a, b and c' where, in 
the high-temperature phase, c' is perpendicular to the ab plane 
and has magnitude 3c sin fl (cf. Table l). 
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Table 1. The cell constants of sodium azide from single-crystal data 

T(K)  a (A) b (A) c (A)  /3 (o) c ' (A)* /3,(0), el 3 e2 z _ el l 

160 6.2233(42) 3-6510(27) 5-3359(25) 108.444(37) 15.230(20) 85.636(10) 0.03816(9) 0-0161 (12) 
210 6.2467 (40) 3.6573 (25) 5.3642 (25) 109.092 (40) 15-239 (20) 86.301 (9) 0.03232 (8) 0.0141 (12) 
228 6.2614 (58) 3-6579 (39) 5-3842 (25) 109.522 (55) 15.248 (27) 86.752 (10) 0.02837 (9) 0.0119 (17) 
253 6.2764 (31 ) 3-6558 (25) 5.4178 (I 6) l I o- 108 (23) 15.278 (13) 87-417 (3) 0,02256 (3) 0.0088 (9) 
272 6.3043 (40) 3.6613 (35) 5.4285 (27) I 10.802 (37) 15-233 (19) 88-041 (4) 0.01710 (3) 0.0059 (12) 
280 6.3016 (43) 3-6566 (43) 5.4265 (29) I 11-106 (35) 15-194 (19) 88-343 (3) 0.01446 (3) 0.0050 (14) 
282 6.3105 (40) 3-6578 (20) 5.4830 (20) I 11-212 (30) 15-339 (16) 88.658 (2) 0.01171 (2) 0.0039 (I I) 
295 6.3264 (48) 3.6525 (28) 5.4902 (41) 112.593 (43) 15.206 (23) 90 0 0 

* The quant i t ies  c' and /3' refer to a non- reduced  cell that is rectangular  ( f l ' = 9 0  °) in the high-temperature  phase: c ' = ( a  2 +9c  2 +6ac cos/3)1/2; 
f l ' =  cot -I  [cot fl +(a/3c  sin/3)]  (see Fig. l). The low-temperature  cell is obta ined from the high-temperature  cell by apply ing  the strains el3 and  e22-  ell  
where el3 = ~ cot /3 '  and  e22 - ell  = (~/3b - a)/a. 

Table 2. The final results of the single-crystal structure refinement 

T(K)  x z BI I (A  2 ) B22(A 2 ) B33(A 2 ) BI3(A 2 ) niso (j~ 2 ) 0(°) R 

Na 0 0 0.8(2) 1-2(2) 0-1 (2) -0.2(2) 0.7(1))  
160 N(2) 0 0.5 2.3 (6) 0.6 (6) 2.4 (6) 0.7 (5) 1.9 (2) ~ 9.40 (21) 0.09 

N(I) 0-0939 (19) 0.7313 (21) 3.1 (5) 2.1 (5) 3-1 (5) 1.0 (4) 2-9(2).1 
Na 0 0 1.0(2) 1.7(3) 0.2(2) -0.2(I)  0 .9 ( I ) )  

210 N(2) 0 0.5 2.4(6) l-I (6) 3.0(6) 0.8(5) 2-3 (2) ~ 9.03(19) 0.09 
N(I) 0.0951 (18) 0.7320 (21) 2.9 (5) 2.8 (6) 3-0 (5) 0-7 (4) 3. I (2) J 
Na 0 0 1.6(2) 1.7(2) 0-7(2) 0.0(I) I-4(I) / 

228 N(2) 0 0"5 2-3 (5) 1"3 (5) 3"3 (6) 0'8 (4) 2"4 (2) ~ 7"78 (14) 0.08 
N(I) 0"0914(15) 0"7297(18) 3"4 (4) 3"5(6) 3"7(4) 0"9(4) 3"8 (2) J 
Na 0 0 1.4(2) 1.5(3) 0.6(2) 0.1(2) 0.1 (I))  

253 N(2) 0 0.5 2.4(6) 1-8(6) 3.1 (6) 1-1 (5) 2.5 (3)~ 5.77(14) 0.09 
N(I) 0.0882 (19) 0.7329 (23) 3.8 (5) 3.2 (6) 4.4 (5) 1.5 (5) 3.8 (3)) 
Na 0 0 1.6(4) 1.8(7) 1.3(4) 0.0(3) 1.6(2)) 

272 N(2) 0 0-5 3.1 (9) 1.0(8) 3.0(10) 1.3(9) 2.6 (5)~ 4.72(20) 0.10 
N(I) 0.0854 (34) 0.7294 (33) 4-5 (9) 2-0 (10) 3.5 (9) 0.9 (7) 3.7 (5)) 
Na 0 0 1.3(4) 2.0(7) 0-5(3) 0.1 (3) I-1 (2)) 

280 N(2) 0 0.5 3.0(10) 0-0(10) 3-5(9) 1.0(9) 2-6(5)~ 4.32(18) 0.11 
N(I) 0-0855(34) 0.7306(35) 4-0(10) 2.0(1) 4.0(9) 1.1 (8) 3.7(5),1 
Na 0 0 2.1 (3) 3.2(6) 2.0(3) 0.4(3) 2-0(3) 1 

282 N(2) 0 0.5 1.7(6) 3-0(10) I-9(6) 0.8(5) I-6(6)~ 3.53(11) 0-08 
N(I) 0.0836 (20) 0-7295 (21) 3-0 (6) 3.9 (8) 3.0 (5) I. I (4) 2.8 (6)) 

fact that only two layers of data were collected. The 
intensities were corrected for Lorentz and polariz- 
ation factors, but no allowance was made for 
absorption. 

Powder specimens of sodium azide were mounted 
in a flat specimen holder which was cooled by conduc- 
tion to a reservoir of liquid nitrogen and whose tem- 
perature could be adjusted by means of a heater 
(Young, 1966). This apparatus was placed on a Picker 
X-ray powder dittractometer and, using monochro- 
mated Cu Kal X radiation (A = 1..54056 A,), intensity 
data were collected by the step-scan method over the 
20 range 16 to 100 ° using a step length of ~ or 3~ °, 
depending on the time available, and an exposure 
time of 20 or 30 s. 

Structure refinement 

(i) Single-crystal data 
The unit-cell dimensions were obtained from the 

single-crystal data by least-squares refinement using 
values of  the Bragg angles of the hOl and hhl reflec- 
tions measured in the zero-layer Weissenberg photo- 
graph. No corrections were made for systematic errors 
and the results are given in Table 1 along with their 
calculated standard deviations. 

The only positional parameters not fixed by sym- 
metry are the x and z coordinates of the end atom 
of the azide ion. These were refined along with 
anisotropic temperature factors for each atom and an 
overall scale factor using the SHELX76 (Sheldrick, 
1976) computer package. The Na ÷ scattering factor 
was that of Cromer & Mann (1968) while those for 
the central and end N atoms in the azide ion were as 
determined by Stevens & Hope (1977) from a fit of 
spherical charge distributions to the calculated 
molecular electron density of an azide ion. Unit 
weights were used. The final values of the parameters 
and the corresponding R factors (defined as 
Y IIFoI-IFclI/Y~IFol) are given in Table 2. 

At temperatures very close to the transition, most 
of the twinned reflections could not be resolved so a 
full analysis of the structure was not possible. 
However, it was clear from the lower-temperature 
results that the unit-cell changes associated with the 
phase transition are primarily a shear strain (el3) in 
the ac plane along with a strain (e22-e11) = 
( x / 3 b - a ) / a  which removes the rhombohedral  rela- 
tion a =x/3b. If it is assumed that other relevant 
functions of the cell dimensions are independent  of 
temperature, the two strains can be calculated from 
the Bragg-angle splittings between the twin com- 
ponents of two reflections. Accordingly, an experi- 



216 THE L O W - T E M P E R A T U R E  PHASE OF S O D I U M  A Z I D E  

Table 3. The strain components relating the low- 
temperature to the high-temperature structure as 
measured from the splitting of  high-angle reflections 

060(~ 033.~ 
-- 0333 -- 0602 

T ( K )  (°) (o) el 3 e22 _ el r 

288.2 2.94 2.16 0-0101 0.0050 
288,6 2.86 2-07 0.0097 0.0051 
289-0 2.80 2.00 0.0096 0-005 I 
289.4 2.75 1.95 0-0093 0.005 I 
289-8 2-55 1-82 0.0087 0.0047 
290.2 2.52 I '82 0'0087 0.0044 
290.6 2.31 1 '58 0.0077 0.0047 
291-0 2.23 1.53 0-0075 0-0045 
291-4 2.12 1 '45 0.0071 0.0043 
291 "8 1-70 I '34 0"0061 0"0023 
292-2 1.20 1-01 0-0041 0-0012 

>292.2 0 0 0 0 

The strain components were calculated from the splittings (60) between lines 
of Miller indices hlkll I and h2k212 where 

sin 60 = [(h 22 - h ~)A(e22 - et= ) - (h 2 l~ - h~/'~) Be~ 3]A 2/4 sin 2 0. 
0 is the average value of the Bragg angle and is effectively constant over 
the temperature range as are the quantities A and B which are given by 

A = (x/3b + a sin [3')/(3a2b 2 sin fl') and B = 4/ac' sin/3'. 
c' and/3' are defined in the note to Table I and l'=31+h. 

ment was set up in which the high-angle reflection 
pairs (606; 333) and (602; 335) were recorded in a 
small osci l lat ion range; the temperature  was changed,  
the Weissenberg camera was translated a short dis- 
tance and another  exposure was made. In this way 
the splittings were recorded at temperature  intervals 
of  0-4 K between 288-2 and 293.0 K. The results are 
set out in Table 3 and Fig. 2.* 

(ii) Powder data 

The powder  data were refined by profile refinement 
(Rietveld, 1969) using the program of  Wiles & Young 
(1981). The fiat specimen geometry gives rise to 
absorpt ion  corrections to the peak posit ions and 
intensities, and the program was modified to allow 
for these, assuming a very thick specimen and using 

* Lists of structure factors (single-crystal data) and powder data 
at the various temperatures have been deposited with the British 
Library Lending Division as Supplementary Publication No. SUP 
39118 (36pp.). Copies may be obtained through The Executive 
Secretary, International Union of Crystallography, 5 Abbey 
Square, Chester CH1 2HU, England. 
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Fig. 2. The temperature dependence of the shear strain el3. The 
lines are guides to the eye. 

the formulae  of  Langford & Wilson (1962). The peak- 
shape funct ion used was a modified Lorentzian of  
the form P(20)=(O.8194/H)[I  +1 .6569(20 -20o)2 /  
H2] ~/2, where 200 is the peak posi t ion and H is the ha l f  
width. The unit-cell dimensions,  a tomic coordinates  
and isotropic temperature  factors were refined along 
with an overall scale factor, the zero error in 20, the 
s tandard u, v, w parameters  describing the angular  
dependence  of  the ha l f  width, and the background,  
represented as a fifth-order po lynomia l  in 20. The final 
values of  the structural parameters  are given in Table 4 
and Fig. 3 shows the final observed and calculated 
profiles at 82 K. The corresponding profiles at other  
temperatures  are quite similar to this one.* 

Results and discussion 

The final results of  the refinements along with their  
est imated s tandard deviat ions are set out in the tables. 
The s tandard  deviat ions almost certainly underesti-  
mate the precision of  some of  the results for a number  
of  reasons. Because of  the design of  the specimen 
holder,  it was not possible to centre the powder  speci- 
men by the s tandard method of  bisecting the straight- 
through X-ray beam, and a comparat ively imprecise 
method based on adjust ing for maximum Bragg 
intensity had to be used. The resulting centring errors 
change the apparen t  peak posit ions by an amount  
that is propor t ional  to cos 0 and, given that  the useful 
data span the 20 range 30 to 100 °, this gives rise to 
a scan-zero error and a systematic error in the 
apparen t  cell size. This effect is part icularly not iceable 
in the two refinements at 179 K where the two sets 
of  l inear  cell d imensions  are related by a factor of  
1.0035 and the scan zeros differ by nearly ha l f  a 
degree. As the scan-zero error associated with the first 

* See deposition footnote. 
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Fig. 3. The powder data at 82 K. The upper curve compares the 
final calculated profile with the observed data points and the 
lower curve shows the difference between the observed and 
calculated profiles. 



S. R. A G H D A E E  AND A. I. M. RAE 217 

Table 4. The final results of  structure refinement at different temperatures using the Rietveld method 

T (K) a (•) b (/~) c (/~) fl (°) el 3 e22 - ell x[N(l)]  
12 6" 1654 (5) 3"6350 (3) 5.2634 (6) 107.543 (5) 0.0467 (1) 0.0212 (1) 0-0984 (3) 

i 6-1898 (5) 3.6448 (3) 5.2907 (5) 107-735 (4) 0.0447 (I) 0.0199 (I) 0.0992 (3) 
82 2 6.1823 (6) 3-6429 (4) 5.2868 (6) 107.777 (6) 0.0443 (I) 0.0206 (2) 0.0980 (4) 

,f I 6.1972 (4) 3.6429 (3) 5.3015 (4) 108.165 (4) 0-0410 (1) 0.0182 (1) 0.0961 (3) 130 t 2 6- ! 970 (6) 3.6435 (4) 5.3006 (6) 108.168 (6) 0-0410 (1) 0-0 ! 84 (2) 0-0972 (4) 
179,1"1 6.2013(6) 3-6352(4) 5~'3114 (6) 108.823(5) 0-0352(1) 0.0153(2) 0-0951 (3) 

t2 6.2218 (6) 3-6485 (4) 5.3295 (6) 108.789 (5) 0.0354 (i) 0.0156 (2) 0-0935 (3) 
227 6.2520 (5) 3.6543 (3) 5.3647 (5) 109.584 (5) 0.0283 (1) 0-0121 (I) 0.0909 (4) 
275 6.2971 (5) 3.6593 (3) 5.4369 (6) I 10.832 (5) 0.0163 (I) 0.0065 (I) 0.0883 (4) 
286 6.2850 (12) 3.6436 (7) 5.4379 (14) 1 I1 "396 (I 1) 0-0111 (3) 0-0041 (3) 0.0786 (8) 

Scan 
z[N(l)] 0( ° ) B(Na)(/~2 ) B[N(2)](/~2 ) B[N(I)](/~ z ) zero( ° ) R~,.p* 

12 0-7271 (4) 12-20 (5) 1.01 (6) 1.31 (1 l) 0-81 (8) -0.111 (3) 14.7 
82 ,f _1 0.7300 (4) il-85 (4) 1.77 (5) 0-52 (9) 2.26 (7) -0" 170 (2) 20.5 

t 2 0.7278 (5) 1 i.75 (5) 1.82 (7) 1.26 (13) 1.77 (9) -0.078 (3) 17.4 
130 { ~ 0.7283 (3) 10.74 (4) 1-64 (3) 0"59 (9) 1-37 (7) -0.186 (2) 19.7 

0.7270 (4) 11.23 (5) 2.09 (6) 1.19 (12) 1.97 (9) -0 .040 (3) 16.9 
I 0.7249 (4) 10-24 (4) 2. I 1 (7) I. 14 (12) 1.53 (8) -0-405 (3) 22.8 

179 2 0-7263 (4) 9.61 (4) !.69 (7) 0.92 (! 1) 1.77 (8) 0.044 (3) 16.2 
227 0.7293 (4) 7.68 (3) 3.04 (6) 2-26 (11) 3"33 (7) -0.204 (2) 19-7 
275 0.7380 (4) 4.53(2) 5"88 (8) 1-96 (12) 5"60 (9) -0" 197 (1) 21-8 
286 0.7201 (9) 2.95 (3) 3.12 (9) 2.50 (I 6) 2.23 (I 1) -0.108 (6) 20-7 

* Rwp = I00 × {~. wi[yi(obs. ) -yi(calc.)]2/Z wo, Z(obs.)} j/2. 

data set at 179 K is the largest of all those recorded 
it can be confidently concluded that the precision of 
the linear cell dimensions obtained from the powder 
refinement is better than 0.4%, and it is also noted 
that the powder and single-crystal results are in agree- 
ment to about this accuracy. Centring errors have a 
much weaker effect on parameters that are a function 
of cell shape rather than overall size and, as a result, 
independent measurements of the strains el3 and 
(e22-el ~) generally agree within the estimated stan- 
dard deviations. 

Turning to the structural parameters (in particular 
the atomic positions and temperature factors) it is 
well known that their precision is correctly estimated 
by the calculated standard deviation only if there are 
no systematic errors in the model. However, it is clear 
from the final powder profile (Fig. 3) that there are 
residual model errors which are probably primarily 
associated with inadequacies in the peak-shape func- 
tion: a more detailed study of the data shows that 
there is an anisotropic variation of peak widths in 
reciprocal space, the 001 peaks being significantly 
narrower than others at similar Bragg angles. The 
significance of such model errors has been the subject 
of much discussion (e.g. Sakata & Cooper, 1979; 
Pawley, 1980; Prince, 1981 ; Scott, 1983) and there is 
no generally agreed method for assessing the pre- 
cision in such circumstances. In the present case, a 
comparison of the results of different powder runs at 
the same temperature and a comparison between the 
powder and single-crystal results indicate that the 
errors in the powder parameters are probably of the 
same order as the estimated standard deviations in 
the single-crystal case and are therefore around five 

times larger than the standard deviations estimated 
in the powder refinement. It is noted that the applica- 
tion of the procedure suggested by Pawley (1980) 
(where the precision is estimated by calculating a 
standard deviation in the usual way, but with the 
data-point number reduced by a factor equal to the 
number of data points contained in the full width 
at half height of a typical peak) leads to estimated 
errors about four times the calculated standard 
deviations. 

The phase transition is typified by the two strains 
ela and (e22-e~l) along with the angle 0 through 
which the azide ion is rotated from its symmetric 
orientation parallel to the c axis. Tables l to 4 show 
these quantities as functions of temperature and it is 
seen that, within experimental error, they are mutually 
proportional throughout the temperature range. Their 
temperature variation is therefore typified by that of 
the strain el3 which is shown in Fig. 2. Of particular 
interest is the behaviour at 292.2 K where the strain 
undergoes a small discontinuity, below which tem- 
perature it increases continuously. It is concluded 
that the transition temperature is 292-2 K, that the 
phase transition is of the ferroelastic type where one 
or more strain components form the order parameter 
(Wadhawan, 1983) and that it is nearly, but not quite, 
second order. A detailed theoretical analysis of the 
transition, using the data reported here and those 
from other relevant experiments, has been carried out 
and is reported elsewhere (Aghdaee & Rae, 1983). 

The authors gratefully acknowledge advice and 
assistance obtained from Dr J. I. Langford and Mr R. 
Pflaumer. 
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Abstract 
Epsomite, MgSO4.7H20, Mr=246.5,  is orthorhom- 
bic, space group P2~212t. To establish its absolute 
configuration, a slab was cut from a laevorotatory 
crystal, grown under controlled conditions, and used 
for diffractometer measurements with graphite- 
monochromatized Cu Ka radiation (A = 1.54178 ~):  
a = 11.876 (2), b = 12.002 (2), c = 6.859 (1) A (param- 
eters obtained and refined from 17 reflexions, 87 °< - 
20<-113°), V=  977.7 (2) A 3, Z = 4 ,  F(000)=520, 
Dx= 1-67 M g m  -3, /z(Cu Ka)=4 .01  mm -I, room 
temperature. Refinement based on 1602 reflexions, 
1292 of which were Friedel pairs. Final R for the 
correct and incorrect enantiomorphs were 0.0797 and 
0.0836 respectively, which, taken with the relative Fo, 
Fc values of the Friedel pairs and with the results 
from a test proposed by Rogers [Acta Cryst. (1981), 
A37, 734-741], allow the correct configuration to be 
assigned at a very high confidence level. To have an 
accurate, room-temperature, determination, a second 
refinement was completed with a second crystal and 
graphite-monochromatized Mo Ka radiation (A = 
0-71069 ,~): a = 11.887 (2), b = 12.013 (2), c = 
6.861 ( I ) A  (parameters from 25 reflexions, 23°<- 
20-<55°), V = 9 7 9 . 8 ( 1 ) ~  3, Dx = 1.67 M g m  -3, 
/z(Mo Ka)  = 0.42 mm -~. R for the correct and incor- 
rect configurations 0-0300, 0.0307 for 2848 indepen- 
dent reflexions. The absolute configuration has been 
correlated with crystal morphology and the relative 
growth rates of the complementary { 111 } and { 111 } 
forms within the field of low supersaturations. The 
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surface features account for the predominance of 
{Ill}.  

Introduction 
One of the problems to be faced when studying the 
growth from solution of noncentrosymmetric crystals 
is the determination of the difference (APhkt- AParT), 
where AP stands for the variation of P_..(polarization 
energy of the crystal surfaces hkl, hkl)  due to the 
adsorption of crystal building units coming from the 
mother phase. AP is strictly related to the surface of 
the crystal faces and, therefore, in the case of noncen- 
trosymmetric crystals, A Phkl # APr, F.r. A p does 
influence the orthogonal-growth rate (Rhkl) of a given 
form. The mean free-path of a building unit on an 
(hkl) face, X~hkt, is a function of the total activation 
energy for the surface diffusion AGs.din = U~ + AP, Us 
being the activation energy for a building unit to 
diffuse between two adjacent and equivalent surface 
sites assumed as undeformed, that is as if they 
belonged to the crystal bulk structure. Monier & 
Kern's (1956, and references therein) theory leads to 
the following growth-rate ratio for two complemen- 
tary forms, within the field of low supersaturation 
values: 

s ( A Phkl -- APr, rd.~ Rhkl - -  Xhk- - - - - !  - -  exp 
Rff, r x~,~r ~-ff.~ ] (1) 

Equation (1) implies that when APhkt > APart, X~hkt< 
s 

xr, r,r, that is, to a greater polarization of one form 
corresponds a shorter mean free-path, and therefore 
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