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arrangement consists of chains of coordination octa- 
hedra and tetrahedra running along the c axes with a 
similar configuration. Calcium ions in fairfieldite and 
sodium ions in kr/Shnkite exhibit the same role: they 
occupy the interstices left vacant by the chains con- 
necting them to form a three-dimensional framework 
and are each surrounded by six oxygen atoms and one 
water molecule. From Fig. 2, where the structure of 
fairfieldite and a part of the atomic arrangement oc- 
curring in kr/Shnkite are schematically projected along 
the b* axis, the resemblance of the chain motif is 
evident and explains the good agreement between the 
lattice constants in the two minerals. In fact the c trans- 
lation vector represents the period in the chain and 
a sin fl the distance between two parallel chains in the 
ac plane. 

The most remarkable difference in the two struc- 
tures occurs in the reciprocal array of chains in the 
be planes: in krShnkite two parallel chains are shifted 
one half period along e, as is clear if one considers the 
presence of the glide plane at ¼ b. This fact may account 
for the approximate doubling of the b parameter. 

We are indebted to W. A. Henderson who kindly 
supplied us with the sample employed in the present 
investigation. 
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Crystal Structure of an Orthorhombie Modification of Methyl Stearate 
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A new orthorhombic modification of methyl stearate has been found. The cell parameters are a = 5"61, 
b = 7.35, c = 95.15 A and the space group is Pnab; the unit-cell contains 8 molecules. The carbon chains 
are arranged in the orthorhombic packing 03_. The molecules form the same double sheets as have 
been found in the monoclinic modification. However, chains in neighbouring sheets are inclined with 
respect to each other. 

Introduction 

During melting and freezing of methyl stearate, phe- 
nomena such as pre-melting and 'after-melting' (Smit, 
1946; Simonelli & Higuchi, 1962) occur, which make 
the interpretation of melting curves and dilatometric 
measurements difficult. In order to study these pheno- 
mena, crystals of methyl stearate (purity > 99.8%) were 
grown from a CS2 solution at - 1 5  °C to - 1 2  °C and 
from a melt at 37-38 °C. Two crystal forms were ob- 
tained from CS2 solution: 

(a) a monoclinic form MI, described by Aleby &von 
Sydow (1960) with unit-cell parameters a=5.61, 
b=7-33, c=  106.6 A, fl= 116°47 ', d001 =95.2/k;  

(b) an orthorhombic form, which will be described 
in this paper. 

The crystals obtained from the melt were of poor 
quality. A second monoclinic form M2 was found with 
the a and b dimensions about the same as those of the 
monoclinic and orthorhombic modifications from CSz, 
but the c dimension was 47.9/k. Some crystals from the 
melt appeared to be intergrowths of the orthorhombic 
form from the CS2 solution and a twin of the monocli- 
nic form from the melt. The form Mz was not studied 
further in this investigation. 

Experimental 

The unit-cell parameters and space group were 
determined by taking rotation and Weissenberg 
photographs calibrated with A1 lines using Cu Ka radia- 
tion: 
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M e t h y l  s tearate  • C19H3802 
Molecu la r  weight :  298.49 
U n i t  cell • o r t h o r h o m b i c  
a =  5.613 + 0.005 A 
b = 7.354 + 0.005 
c = 95.147 + 0.004 
Eigh t  molecules  per  un i t  cell. 

Ca lcu la ted  dens i ty :  1.010 g.cm -3 
Absen t  reflexions • hkO when  k is odd  

hOl w h e n  h is odd  
Okl when  k + 1 is odd.  

Space g roup :  Pnab. 

Three -d imens iona l  in tens i ty  da ta  were ob t a ined  f r o m  
re t ig raph  d iag rams  (Ni-fi l tered Cu- rad ia t ion ,  mul t ip le-  
f i lm technique) .  Two  series were t aken  at  r o o m  tem- 
pera ture ,  a b o u t  [100] wi th  levels h = 0 ,  1 . . . 5 ,  a n d  
a b o u t  [010] wi th  levels k = 0 , 1 , 2 .  737 i n d e p e n d e n t  
reflexions were measu red  pho tome t r i ca l ly  and  correc-  
ted for  the Lp factor .  N o  abso rp t ion  cor rec t ion  was 
appl ied.  

D e t e r m i n a t i o n  o f  t h e  s t r u c t u r e  

The Okl p h o t o g r a p h s  o f  the o r t h o r h o m b i c  fo rm and  
monoc l in i c  fo rm Mx showed  a s t r ik ing resemblance ,  

Table  1. Final atomic parameters and estimated standard deviations 
(a) Positional parameters (x 10 4) 

x a(x) y a(y) z 
C(Me) 261 41 2585 42 111 
O(1) 8189 25 2198 25 207 
0(2) -9674 23 3320 24 383 
C(1) 8510 31 2557 31 346 
C(2) 6410 30 2018 36 435 
C(3) 6687 30 2851 31 583 
C(4) 4495 32 2093 30 672 
C(5) 4548 32 2859 30 822 
C(6) 2594 29 2119 32 915 
C(7) 2474 30 2889 33 1061 
C(8) 496 32 2116 28 1155 
C(9) 586 31 2900 29 1298 
C(10) 8459 30 2129 30 1391 
C(l l )  8352 31 2902 32 1544 
C(12) 6444 27 2085 31 1628 
C(13) 6416 36 2864 33 1782 
C(14) 4311 30 2088 33 1865 
C(15) 4356 32 2933 30 2021 
C(16) 2389 32 2139 29 2103 
C(17) 2333 35 2904 31 2261 
C(18) 318 36 2103 37 2345 
H(1) 4765 2499 386 
H(2) 6327 552 445 
H(3) 6466 4340 575 
H(4) 8345 2468 628 
H(5) 2855 2383 623 
H(6) 4728 609 681 
H(7) 4304 4349 813 
H(8) 6285 2668 868 
H(9) 901 2205 864 
H(10) 2909 633 927 
H( l l )  2145 4384 1050 
H(12) 4181 2819 1112 
H(13) - 1215 2290 1108 
H(14) 817 646 1166 
H(15) 1765 4382 1290 
H(16) -510  2163 1372 
H(17) 9561 2932 1325 
H ( 1 8 )  8876 658 1403 
H(19) 7950 4398 1535 
H(20) 35 2822 1598 
H(21) 4717 2256 1579 
H(22) 6810 610 1638 
H(23) 6081 4365 1772 
H(24) 8046 2651 1833 
H(25) 2657 2357 1815 
H(26) 4611 609 1873 
H(27) 4066 4373 2013 
H(28) 6029 2638 2070 
H(29) 723 2366 2052 
H(30) 2645 646 2106 
H(31) 2206 4363 2258 
H(32) 3983 2595 2314 

~(z) 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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T a b l e  1 (cont.)  

(b) Thermal parameters ( x  104). Temperature factor: 

exp [ -  2nZ(h2a .2 U11 + k 2b.2 U22 -~" 12C'2 U33 Jr hka*b*2 U] 2 + klb*c*2 U23 Jr hla*c*2 U] 3)] • 

UII a(UI1) U22 ~(U22) U33 E(U33) 2U12 E(2UI2) 2U23 a(2 U23) 2U31 
C(me) 752 153 1986 383 485 119 - 2 1 8  452 148 348 375 
O(1) 777 89 1656 198 329 64 - 4 0 0  261 - 2 0 2  210 68 
0(2) 640 83 1148 140 520 72 - 2 1 4  231 - 2 1 6  187 38 
C(I) 473 102 998 262 273 90 2 265 - 55 226 - 1 3 0  
C(2) 389 105 1201 223 430 101 - 3 0 8  321 - 1 9 7  281 188 
C(3) 479 103 725 166 290 86 181 280 138 230 224 
C(4) 577 115 554 155 507 104 47 300 - 202 245 38 
C(5) 469 108 487 151 646 118 13 283 - 222 252 171 
C(6) 388 100 693 174 472 104 51 281 76 255 492 
C(7) 417 111 757 196 541 109 97 313 17 263 - 1 6 1  
C(8) 551 108 493 133 418 92 41 304 - 3 4 6  234 - 1 6 4  
C(9) 489 107 525 138 386 96 - 1 9 6  297 176 218 - 7 8  
C(10) 439 100 633 154 329 86 - 9 0  285 238 226 228 
C(I I )  545 111 738 176 433 97 2 309 - 211 261 350 
C(12) 312 91 728 167 337 91 53 278 106 232 - 24 
C(13) 830 137 709 183 352 94 - 88 337 - 354 239 17 
C(14) 425 109 891 180 318 88 - 65 296 - 3 6 0  239 - 85 
C(15) 631 120 600 156 280 83 8 305 - 283 226 260 
C(16) 619 115 439 136 338 96 - 54 287 - 291 210 147 
C(17) 651 122 960 207 152 81 - 58 336 - 3 4 4  246 177 
C(18) 576 126 1608 280 352 96 - 2 9 7  405 - 5 6  311 488 

0(2 U31) 
229 
136 
151 
164 
175 
173 
208 
202 
173 
188 
196 
176 
168 
195 
159 
209 
165 
188 
173 
156 
181 

110.0115.7 

0(1) ) , C12) C(41 C(6) C(8) C(10) C(121 C(14) C(1G1 C(18) 

1.21 
0(2) C(3) C(S) C(7) C(9) C(11) C(13) C(15) C(17) 

Fig. I. Intramolecular distances and angles of or thorhombic methyl stearate. 

¢ 

Fig.2. Projection of  a number of methyl stearate molecules along the a axis. 
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Fig. 3. Projection of a number of methyl stearate molecules along the b axis. 
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Fig.4. Intermolecular contacts in the ester group region of 
orthorhombic methyl stearate. , 

indicating that both structures, as seen along the a axes, 
are the same. The coordinates of the molecule were 
transformed from the monoclinic cell to the ortho- 
rhombic cell. This affects only the x coordinates. 

The 131 Okl structure factors were calculated with 
these coordinates, giving an R=EIIFoI-IFclI/EIFcl of 
0"34. From the Fourier projection calculated with the 
most reliable reflexions it appeared that the position of 
the molecule was about right and a three-dimensional 
refinement with all 737 observed reflexions was started. 

After some cycles of least-squares refinement of co- 
ordinates and individual isotropic temperature factors 
the R index decreased to 0.21. A difference Fourier 
Synthesis showed anisotropic temperature movement 
of the C and O atoms. Two more cycles refining co- 
ordinates and anisotropic temperature factors lowered 
the R index to 0.18. At this point the H atoms were in- 
eluded at calculated positions. A distance of  1.07 A 
and angle of 109.5 ° was used, and Brt=3.0  /~2. R 
became 0.13 after two final cycles of refining only the 
positions and the temperature factors of the heavy 
atoms. The final atomic parameters and their e.s.d.'s 

Fig. 5. Packing of the end methyl groups of methyl stearate 
seen along the b axis of the (a) monoclinic modification, 
(b) orthorhombic modification. 

are given in Table 1. For the numbering of the atoms 
see Fig. 1. 

Discussion 

The intramolecular distances and angles are shown 
in Fig. 1. The mean value of the carbon-carbon bond 
lengths is 1.54 A and that of the angles between these 
bonds, 111 °. The C-O distances appear to be normal. 
Projections of a number of unit-cells along the a and b 
axes are shown in Figs. 2 and 3. The methyl stearate 
molecules form the same double sheets as have been 
found in the monoclinic modification. The hydrocar- 
bon chains are arranged in the orthorhombic packing 
O, with the subcell dimensions as=5.02, bs=7-35, 
cs = 2.54, fls = 89.4 °. The intermolecular contacts in the 
ester group region shown in Fig. 4 are again the same as 
found by Aleby & yon Sydow (1960). Chains in neigh- 
bouring sheets, however, are inclined with respect to 
each other. The packing of the end methyl groups of 
both modifications can be seen in Fig. 5. 

Thanks are due to Mr A. Kreuger for growing the 
crystals and taking the photographs. The calculations 
were carried out on the X1 Electrologica computer of 
the Mathematical Centre in Amsterdam. The various 
programs were written by Mrs E. Rutten-Keulemans, 
Mr W. Rutten, Mr B. Hesper and Mr H. Geise, all of 
the University of Leiden and Mr J. van Loenen of the 
Mathematical Centre, Amsterdam. 
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