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The Crystal Structure of Myo-Inositol 
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(Received 28 January 1963) 

The crystal structure of myo-inositol has been determined by three-dimensional Patterson super- 
position methods, and refined by full-matrix and block-diagonal least-squares computations. 
The final R index is 5.5% for 2968 reflections with measurable intensities. The space group is P21/c, 
with unit cell dimensions a = 6.640, b = 12.084, c = 19.681 J~ and fl = 105 ° 50'. There are two molecules 
per asymmetric unit. All twenty-four hydrogen atoms have been located and their parameters 
refined. 

Both molecules are found in the expected chair form with one hydroxyl group axial, but small 
measurable distortions from the perfect chair conformation are observed. The two molecules of the 
asymmetric unit are almost identical, to the extent that these small distortions appear to occur in 
the same way in both. :No unusual bond lengths or angles are present. 

Introduction 

Among biologically important compounds, myo-inosi- 
tel has been known for a relatively long time, having 
been first isolated from meat extracts by Scherer as 
early as 1850 (Bartow & Walker, 1938). Since it is 
without optical activity, Scherer originally named the 
compound meso-inositol. However six other inositols 
are also in the meso form, and this particular member 
of the family is now more commonly known as myo- 
iuositol, following the suggestion by Fletcher, Ander- 
son & Lardy (1951). 

The inositols are hexahydroxycyclohexanes, of 
which there are eight possible cis-trans isomers. Seven 
are meso forms, and one is a DL pair, giving a total of 
nine stereoisomers (Eliel, 1962, p. 183). Four of these, 
scyllo-, myo-, D- and L-inositol are found to occur 
naturally; the others have been synthesized in the 
laboratory. Myo-inositol is the isomer with a single 
axial hydroxyl group. I t  is therefore somewhat higher 
in energy than scyllo-inositol in which all the hydroxyl 
groups are equatorial. Nevertheless, of the three 
naturally occurring cis-trans isomers, myo-inositol is 
by far the most abundant, having been found in all 
plant or animal tissues which have been assayed for 
its presence (Angyal & Anderson, 1959). 

The chemical structure of myo-inositol has been 
known since 1887, and excellent reviews of the chemis- 
t ry  of the inositols can be found in articles by Lohmar 
(1957) and by Angyal & Anderson (1959). The confor- 
mation, on the other hand, has presented a somewhat 
more difficult problem. Various lines of evidence have 
pointed to a chair conformation with a single axial 
hydroxyl group, in full accord with the X-ray diffrac- 
tion results presented here. I t  is interesting that  
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Magasanick (1956) was able to arrive at the correct 
conformation through enzyme specificity studies. The 
stereochemistry of six-membered rings in general has 
been reviewed by Orloff (1954), and quite recently by 
Eliel (1962). A discussion of some aspects of the bio- 
logical role of myo-inositol can be found in the review 
by Angyal & Anderson (1959). 

During the final stages of this work we learned that  
the crystal structure of myo-inosito] hydrate had re- 
cently been solved by Beevers (1962) and coworkers. 
At the time this manuscript was being prepared the 
details of the hydrate structure were not yet avail- 
able to us for comparison. 

Experimental 

The myo-inositol sample used in this study was ob- 
tained from the California Corporation for Biochem- 
ical Research, who prepared the material according to 
the method of Bartow & Walker (1938). The commer- 
cial product was recrystallized from water-ethanol 
solutions. Large well formed flattened monoclinic 
prisms were readily obtained. They were elongated 
in the a direction and displayed prominent ((010)) 
faces. Unit-cell parameters, as measured with a G.E. 
XRD 5 single-crystal diffractometer, were 

a-- 6.640 _+ 0.005, b -- 12-084 _+ 0.005, 
c = 19.681 _+ 0.005/~; fl = 105 ° 50' + 2 ' .  

The indicated uncertainties are estimated standard 
deviations. A weighted mean wavelength for Cu K a l  
and CuKa2 was taken to be 2=1-5418 •. These 
parameters are in good agreement with those reported 
by White (1931). 

The crystal density, determined by the method of 
free flotation with a mixture of carbon tetrachloride 
and xylene, was 1.57 g.cm-3, with an estimated stan- 
dard deviation of 0.01 g.em -a. The calculated density 
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for eight molecules of myo-inositol per unit cell is 
1.575 g.cm -8. 

Reflections observed to be systematically absent 
were hO1 with 1 odd and 0k0 with k odd, confirming 
the space group P21/c reported by White (1931). The 
density indicates that  there are two molecules of myo- 
inositol per asymmetric unit, with no water of crystal- 
lization. 

Copper K~  intensity data were collected on the 
diffractometer by a 20-scanning technique in which 
the background correction was made by considera- 
tion of the mean background on either side of the 
peak. Goniostat settings were calculated using U.W. 
program 0014. A total of 3344 intensities were meas- 
u_red, accounting for all reflections within the range 
of the instrument (20 < 161°). No absorption correc- 
tions were applied, but a small crystal fragment of 
approximate dimensions 0.10 by 0.07 by 0-08 mm 
was used to minimize the resultant errors. The number 
of reflections which proved too weak to measure was 
1376 or 41% of the total. This large proportion of 
unobserved reflections was due to the small size of 
the crystal and to the application of a rather conserva- 
tive criterion for the acceptance of a reflection in- 
tensity as significantly different from background. 

During data reduction with U.W. program 0029 the 
customary Lorenz and polarization corrections were 
made, and an estimate of the standard deviation for 
each reflection intensity was arrived at on the basis 
of counting statistics. The criterion that  I/~r should 
be greater than 2 was used to decide whether or not 
an intensity was significantly different from back- 
ground. The quantity I is understood to be the net 
relative intensity above background, and (r is its es- 
t imated standard deviation. The relative average 
standard deviation of the reflection amplitudes for 
the reflections satisfying this criterion, as calculated 
by the formula Rv=Za(F) /ZF ,  was 4-7%. This fig- 
ure may, for the want of an established expression, be 
referred to as the 'Poisson R'; it represents something 
in the nature of a minimum meaningful R index for 
the data in hand. When reflection amplitudes were not 
significantly above background, the estimated mini- 
mum observable amplitude was stored by the data 
reduction program in the location reserved for the 
observed amplitude, and the reflection suitably flag- 
ged. At data-reduction time the atomic scattering 
factors were also interpolated from tables given by 
]~erghuls, Haanappel, Potters, Loopstra, ~acC~illavry 
& Veenendaal (1955) for carbon and oxygen, and 
McWeeny (1951) for hydrogen. 

Determinat ion  of the s tructure  

The structure was solved by machine vector-coinci- 
dence methods applied to a sharpenecl, origin-removed 
Patterson function, with the use of a generalization of 
the scheme applied to the solution of the structures of 
2-aminoethanol phosphate (Kraut, 1961), thiamine hy- 

drochloride (Kraut & Reed, 1962) and adenosine-5'- 
phosphate (Kraut & Jensen, 1963). In this case, how- 
ever, we were dealing with a 24-light-atom structure 
consisting of a pair of molecules in unknown relative 
orientations. I t  was thus felt that  myo-inositol pre- 
sented a fairly stringent challenge to the method. 

As before, the first step was the at tempt to identify 
some Patterson peak as arising from the interaction 
of a pair of atoms. In a centrosymmetric structure 
containing heavy atoms the natural procedure is to 
look for a heavy-atom to heavy-atom interaction 
across a center of symmetry. I t  is well known that  
correct identification of such an interaction and use 
of the corresponding vector as the basis of a super- 
position function may well provided the solution of 
a structure almost at once in favorable cases. Where 
no heavy atoms are present however, it is obviously 
necessary to settle for a piecemeal approach to the 
problem. In the first place, even if a vector between 
a pair of centrosymmetrically related atoms could be 
found, the resulting superposition map would cer- 
tainly not be expected to contain the entire structure 
since there is now no dominant set of heavy-atom to 
light-atom Patterson peaks to image the structure. 
Secondly, it is unlikely in the general case that  such 
vectors would be represented by readily identifiable 
peaks in the Patterson map since they are of half- 
weight compared with the other types of vectors and 
greatly outnumbered by them. In fact, the invisibil- 
i ty of these 'centric vectors' leads to an ambiguity in 
the interpretation of sets of Patterson peaks which 
initially caused us to make a disappointing and pro- 
tracted false start, as will be described below. 

In view of these considerations the procedure fol- 
lowed was this. Reasoning that  any prominent Pat- 
terson peak was likely to be the locus of at least one 
vector between a pair of atoms, we selected such peaks 
essentially at random and then inspected the Patterson 
map for additional peaks associated with vectors be- 
tween atoms related by symmetry to the original pair. 
When such a self-consistent set of vectors was found, 
the locations of the corresponding possible pair of 
atoms were used to calculate a multiple superposition 
function in the usual way. The qualifier 'possible' is 
used here advisedly. I t  is very easy, owing to the 
invisibility of the centric vectors belonging to the given 
set (alluded to above) mistakenly to identify a peak 
as belonging to the set which in actuality is related 
to the correct peak by the mirror plane of the Patterson 
space group P2/m. This error leads to an exchange of 
the y coordinates of the corresponding atom pair and, 
in our case, to a superposition map based on these 
false coordinates which contained convincing images 
of inositol rings, but which ultimately could not be 
interpreted as a stereochemieally satisfying overall 
structure. 

When finally a correct pair of atom coordinates, 
derived from a different set of Patterson peaks, were 
used in an eightfold minimum-function superposi- 
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Fig. 1. Orthographic projection along the a axis of the unit cell of rnyo-inositol. 
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tion, eighteen of the twenty-four atoms of the asym- 
metric unit  could be picked out without great dif- 
ficulty. The coordinates of these eighteen atoms were 
then used to calculate a 72-fold minimum-(9)-function 
which yielded all twenty-four atoms of the asymmetric 
unit  and incidentally revealed our original mistake in 
interchanging the y coordinates of the first pair of 
atoms. The minimum-(9)-function refers to the fact 
tha t  the smallest 9 out of the 72 Patterson points contri- 
buting to each point of the superposition function were 
added to obtain the value of the superposition func- 
tion at  tha t  point. The correctly identified pair of 
atoms used in the successful eightfold minimum 
function turned out to be those labeled 23 and 25 in 
:Fig. 1. 

A preliminary round of structure factor calcula- 
tions for the inner half of the data  (sin 0/2 _< 0.51) 
based on atom coordinates from the final superposi- 
t ion map gave an R index of 0.35. 

Ref inement  

Refinement was carried out entirely by the method of 
least-squares and proceeded in a fairly routine mauner. 
A weighting scheme similar to Hughes's (1941) was 
applied, with the weight assigned to a particular re- 
flection taken as the smaller of the two quantities 
[a(F)] -~" or (0.05F) -9, where a(F) was estimated from 
counting statistics. Reflections flagged during data  
reduction as not having intensities significantly above 

the background level were given zero weight when- 
ever the calculated amplitude dropped below the in- 
serted minimum observable value. A single overall 
scale factor was carried through all refinement com- 
putations as an adjustable parameter. 

The first stages of the calculations were made with 
the Busing & Levy (1959) program ORXLS adapted 
for the IBM 709. Two cycles of refinement on atomic 
positional parameters and the overall isotropic tem- 
perature factor brought the R index down to 0.21. 
This was followed by three more cycles in which refine- 
ment  of both positional parameters and individual 
anisotropic temperature factors for the twelve oxygen 
atoms was al ternated with the same calculations for 
the twelve carbon atoms. R was now 0.11 for the 
observed reflections. 

A difference-Fourier synthesis calculated at  this 
point revealed all twenty-four hydrogen atoms with 
peak heights ranging from 0.3 e./~ -3 to 0.8 e./~ -3. 

Refinement was continued after introduction of the 
hydrogen atom positions. A modified version of the 
UCLA block-diagonal least-squares program (Gantzel, 
Sparks & Trueblood, 1961) was used henceforth, with 
the important  convenience tha t  all parameters could 
be refined simultaneously. In  the final cycles of cal- 
culations all parameters,  including coordinates and 
isotropic temperature  factors for hydrogen atoms, 
were simultaneously adjusted until  the last shift in 
any parameter  was less than or comparable to its 
est imated s tandard deviation. 
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The mean  las t  shift  in non-hydrogen a tom coordi- 
nates,  in te rms of their  s t anda rd  deviations,  was 0.2 a, 
with the  m a x i m u m  shift  equal  to 0.83. For  hydrogen 
a tom coordinates, the  corresponding mean  and maxi-  
m u m  were 0-43 and 1.63. For  the rmal  pa ramete rs  
the  mean  and  m a x i m u m  last  changes were 0.43, 1.43 
for the  non-hydrogen a tom fl~/s, and 0.23, 0.53 for the  
hydrogen a tom B's.  The final  R index for 2968 reflec- 

tions with amplitudes significantly above background 
was 0.055, if contributing reflections are considered 
to have equal weight. 

A final difference-Fourier synthesis calculated from 
structure factors for non-hydrogen atoms only showed 

Table 3. Positional parameters of hydrogen atoms, in 
fractional coordinates x 103, and their estimated standard 
deviations; isotropic temperature factors for these atoms 

Table 1. Positional parameters of non-hydrogen atoms, and their estimated standard deviations 
in fractional coordinates x 104, and their estimated stan- 

dard deviations Isotropie 
temperature 

Atom x/a y/b z/c Atom x/a y/b z/c factor (/~2) 
C(1) 3948_+4 4 0 7 7 _ + 3  2435_+2 II(61) 4 7 3 _ + 6  3 6 0 _ + 3  289-+2 2"7-+0-8 
C(2) 2320 _+ 4 4768 _+ 2 2663 _+ 1 tt(62) 305 _+ 5 522 _+ 3 307 _+ 2 1.5 _+ 0-7 
C(3) 796_+4 4 0 0 9 _ + 2  2902_+1 I-I(63) 1 6 8 _ + 6  3 4 6 _ + 3  3 3 8 _ + 2  3"5_+0.9 
C ( 4 )  -316_+4 3 2 5 1 _ + 2  2297_+1 tt(64) -115_+5 3 7 4 _ + 3  1 8 7 _ + 2  1"8_+0.7 
C(5) 1297_+5 2569_+2 2059_+ 1 tt(65) 2 1 4 _ + 5  1 9 9 _ + 3  2 4 6 _ + 2  2-9_+0.8 
C(6) 2879_+4 3301 _+2 1844_+ 1 H(66) 2 1 5 _ + 6  370-+3 1 4 5 _ + 2  2-5_+0.8 
0(7) -656_+3 4 6 5 3 _ + 2  3159_+1 I-I(67) --189_+6 4 6 5 _ + 3  2 7 9 _ + 2  4-4_+1.0 
0(8) -1713_+3 2 5 5 2 _ + 2  2529_+1 ]ff(68) -310_+6 2 5 8 _ + 3  2 2 8 _ + 2  3"3-+0.9 
0(9) 272_+3 1 8 9 5 _ + 2  1470_+1 I-I(69) 3 5 0 _ + 7  1 1 4 _ + 4  1 6 1 _ + 2  5-2_+1.1 
O(10) 4 4 4 4 _ + 3  2 6 3 1 _ + 2  1673_+1 It(70) 3 7 0 _ + 7  223-+4 1 1 3 _ + 3  6"4-+1.3 
O(11) 5 4 7 9 _ + 3  4 7 6 2 _ + 2  2267_+1 It(71) 508-+6 5 0 8 _ + 3  1 8 9 _ + 2  3"9+_1-0 
O(12) 1204_+3 5 4 5 1 _ + 2  2093_+1 I-I(72) 1 3 8 _ + 7  6 1 3 _ + 4  2 2 3 _ + 2  6"1_+1-3 
C(21) 1226_+4 7934_+2 251_+1 I-I(81) 34_+6 760_+3 --19_+2 2.7_+0-8 
C ( 2 2 )  2 9 3 5 _ + 4  8664_+2 113_+1 H(82) 221_+ 6 924_+3 --29_+2 3-8_+1-0 
C ( 2 3 )  4 3 5 2 _ + 4  7 9 6 8 _ + 2  --217_+ 1 tt(83) 348-+5 765_+3 --66_+2 1.6_+0-7 
C ( 2 4 )  5 3 3 5 _ + 4  7012_+2 262_+1 I=I(84) 6 3 3 _ + 4  733+2 75_+1 0"7_+0.6 
C ( 2 5 )  3 6 2 1 _ + 4  6304_+2 410_+1 tt(85) 2 6 9 _ + 5  5 9 1 _ + 3  --5_+2 2-2_+0.8 
C ( 2 6 )  2 1 2 6 _ + 4  6946_+3 716_+ 1 I-I(86) 2 9 5 _ + 5  7 2 0 _ + 2  1 3 0 _ + 2  1"6_+0-7 
0(27) 5 9 0 9 _ + 3  8 6 3 5 _ + 2  --404_+1 ]=I(87) 703-+6 8 6 1 _ + 3  --6_+2 3"7_+1.0 
0(28) 6 5 7 4 _ + 3  6 3 7 5 _ + 2  --79_+1 ti(88) 7 9 9 _ + 5  629_+3 17_+2 2.0_+0-7 
0(29) 4 5 2 7 _ + 4  5424_+2 887_+1 It(89) 4 1 6 _ + 8  470_+4 51_+3 8"3_+1-6 
0(30) 424_+3 6253_+2 764_+1 ]=I(90) 71_+8 5 8 9 _ + 4  1 2 2 _ + 3  7-2_+1.4 
O(31) --183_+3 8567_+2 528_+1 It(91) 51_+8 908_+4 91_+2 6"7_+1-3 
O(32) 4 1 2 8 _ + 3  9127_+2 772_+1 ti(92) 4 4 0 _ + 6  981_+3 73_+2 3"4_+0.9 

Table 2. Thermal parameters of non-hydrogen atoms and their estimated standard deviations 

fl as given here is defined by: 

T = exp {10-5(firth ~ + flg.gk 9. + ~33/~. + 2fla2hk + 2fllahl + 2fl~.akl) } 

C ( 1 )  1 6 2 1 _ + 6 8  583_+22 233_+8 --70_+32 184_+20 42_+11 
C ( 2 )  1 7 8 6 _ + 6 7  546_+21 189_+8 2_+32 184_+18 33_+10 
C ( 3 )  1 5 4 3 _ + 6 3  490_+20 222_+8 -31_+29 276_+18 20_+10 
C ( 4 )  1 5 4 1 _ + 6 4  457_+19 231_+8 --45_+29 225_+19 30_+ 10 
C ( 5 )  1 9 9 8 _ + 7 2  536_+20 191_+8 113_+33 195_+19 --1_+11 
C ( 6 )  1 7 8 4 _ + 7 0  595_+22 221_+8 118_+ 33 286_+20 7-+11 
0(7) 1 8 9 1 _ + 5 1  486_+14 254_+6 110_+23 306_+15 --29_+ 8 
0(8) 1 7 2 6 _ + 5 1  504_+15 301_+7 --109_+23 291_+15 30_+ 8 
0(9) 2 5 3 3 _ + 6 0  519_+15 222_+6 --60_+27 156_+16 --42_+ 8 
O(10)  1 7 6 0 _ + 5 2  846_+20 286_+7 200±27 285±16 -148_+10 
0(11) 1 6 8 6 _ + 5 1  712+18 261_+7 -214_+25 285-+15 32-+ 9 
O(12)  2290_+56 451-+ 14 223_+6 14_+24 159_+15 81_+ 8 
C(21)  1648___65 530_+21 214_+8 20__+31 214+19 --33-+10 
C(22)  1 8 4 1 - + 7 1  501_+20 208_+8 70_+31 143-+19 --8-+11 
C(23)  1 7 3 4 _ + 6 5  490_+20 192_+8 --71_+30 216_+18 29-+10 
C(24)  1 5 9 9 _ + 6 5  456_+19 222_+8 24_+30 2 1 0 _ + 1 9  --16+10 
C(25)  1 8 5 2 _ + 6 9  446_+19 222_+8 --28_+30 235_+19 9_+10 
C(26)  1 7 4 0 _ + 6 7  587_+21 197_+8 --72_+33 209_+19 34_+11 
0(27) 1 8 2 5 _ + 5 2  528_+15 252_+6 --91+23 285-+15 31-+ 8 
0(28) 1759-+50 549-+15 275-+7 116_+24 277_+15 --53_+ 9 
0(29) 2715-+63 442_+14 247_+7 --14_+26 211_+16 62_+ 8 
O(30)  1 6 7 1 _ + 5 3  781_+19 289_+7 --327_+26 216_+16 100_+ 10 
O(31)  1716_+50 726_+ 17 250_+6 155_+25 286_+15 --41_+ 9 
0(32) 2 2 0 8 _ + 5 7  503_+15 223-+6 --67_+24 145_+15 --3-+ 8 
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Table 4 .  Ob~erve~ refection amplit~e~ a~c~ c~lculated ~tructure factors 
W i t h i n  e a c h  g r o u p  of  c o n s t a n t  h a n d  ~, t h o  e o l u m n ~  c o n t a i n ,  f r o m  l e f t  t o  r i g h t :  l ,  lOFo a n d  l O F c .  

A n  a s t e r i s k  i n d i c a t e s  t h e  e s t i m a t e d  m i n i m u m  observable lOFo for reflections which were too weak to be measured. 

O.O*L 

3 7 -  - 1 ,  
1703 1896 

6 268 - 2 7 "  
i~ 3~ -3.9_88 
12 26O 2 , 5  1, 1.1o !~ 
16 72 
18 1~8 - 1 5 3  
2O 88 -81 
22 ~7o - 2 ~  
2 "  29 ° 

O,~,L 

3O 2 ,  
38 39 
85 79 

1282 1383 
65 8O 

285 292 
283 281 
370 - 3 8 0  

- 1 7 6  111)~ - , ,  
12 36o -23 
1 3 2 O O  - 1 8 7  
l~ 85 -66 

17 , , •  3~ 
18  , , *  
19 , 1 "  - ~ 3  
2O , 2 *  15 
21 33o 
22 80 -66 
23 , lO  - 3 5  
2 ,  3O° - 2 5  

O . 2 . L  

566 - 6 1 0  
5 3 ,  572 
6S1 -700 
9 2 ,  - 1 0 0 5  

- 1 6 ,  

~ 2~ - ~  
l~  87 - 9 0  

, ~ 1  , 3 6  
11 3 7 *  - 2 3  
12 68 -53 
13 109 112 
1 ,  122 1 1 ,  
15 92 -B3  
16  , 6o  - o  

2O o 
21 58 6, 
22 125 128 
23 85 92 
2~ 26• 2 ,  

O . 3 * L  

i 1~ -218 1 1 , ,  
2O7 - 2 3 1  
287 - 2 9 3  
119 110 
378 i 95 38O -9O 
38O - 3 8 1  

l ~  5o - 5 6  
366 --35b 11 3~  3,1 

12 * - 2 2  
13 32 , ~  
l ,  , 3 *  - ,2 .  1, 

156 1 6 ,  
399 203 

21 ~ , *  16 
2322 )). :)~ 

O,,~L 

1,9 - 1 5 6  
226 225 

1332 - 1 , o o  
191 2 0 ,  
l l  - I07 
13~ 137 

72 - 7 0  
3 2 *  9 

~ 119 123 
218 212 

lO  59 6O 
11 210 - 1 9 5  
12 66 68 
13 , o o  - o  
14 i l l  -115 
15 , , o  41 
16 85 - 8 0  
17 lOO 112 
18 , 2 *  - 5 2  
19 , 0 -  - 9  
20 63 -69 
21 ~,o -19 
22 52 - 6 1  
23 " 6  - 3 6  

0*StL 

116 
218 - 2 3 0  
358 2 ,  
35*  27 

519 ,97 
191 - 1 8 ~  

9 35 - 
IO ~2 32 
11 , ,  -35 
12 137 133 
13 , 3 o  - 2 8  
1 ,  8O 75 
15 , o o  - 4 9  
17~6 ~ :  )~ 
18 53* 
19 ,~ -,I 
20 127 - 1 1 9  
21  88 8O 
22 3 3 *  18 

O*6~L 

301 306 

38. ;~ 
9 37 

lO 63 -58 
11 1,3 - 1 3 3  

I !  15 2,2 -2;~ 
J6 k2o - 1 3  
17 113 - 1 1 8  
18 60 62 
19 3 6 °  - 1 ,  

. . . .  39 

O~7 ,L  

i # . - 1 o ~  
t lO7 -97 

39*  -26 
9 106 - l O ,  

10 106 - i11 
I i  I09 - I l l  

,~:  :)o 
15 , 7  I 3 ,  
16 37o - 1 3  
17 "5 , 9  

95 8 '  

3O° 

O*8,L 

2 , 1  23O ,o. ;~ 
81 

113 - l  o 
3O2 3~1 

, 0 o  - 3 5  

• 1 , 2  lo' I L "  68 - 6  ~, 
I] ,IO 29 
12 ,0. 
13 55 ,1 

8 ,  - 7 9  
16 86 8 "  
17 , 6  , b  
i 8  93 8O 
19 l l b  122 
20 76 78 

O~9~L 

1 , 2  ~ ~0 

-8O 
U ,3 - 6 8  

125 - 1 3 2  

193 182 
lO  "3" -193 
11 , , *  
l Z  , 2 .  - , 3  !~ ~: "~ 

4 7 "  - - 19  
16 5 "  - -5 '  

18 , 1  ° 
19 , 0 "  - 2 2  

OelO~L 

32 113 102 
170 -193 
5, -57 

1~o -136 

85 91 
112 112 

lO 6, - 7 8  
11 538 
l~ 5,.  ) 5 2 *  17 
1~ " 7 *  58 
15 36e 25 
16 53 - , 8  
17 

O * I I * L  

I 9 
85 -1~3 

i ''~ -3o -7O 
160 lb~.  

7 , , •  - , o  
5 0 •  - 1 1  

19 63 65 
" 2 *  - 3 4  

!! ,676 
88 91 

! ! 6 6  87 
3 , *  22 

139 - 1 , 1  

0 ~ 1 2 ~ .  

0 192 - 1 9 7  

273 • - 2 8 9  
13] - / 3 8  
, 9 *  - 5 2  
86 9 ~, 

1 1 ,  - 1 1 8  
82 - 8 2  
67e 22 
, 7  - , 9  

tb -~ 
~.6 57 
, o *  -19 
3 7 *  - 
37 - 3 7  

0 . 1 3 . L  

I b ~ 65 -66 
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Table 4 (cont.) 
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p strive re,ions other than hydrogen peaks ex- 
nc:edi°g 0.3 e .~  ~-a. Hydrogen atom peak heights ranged 
from 0.3 e.~ --~ to 0.7 e.A -a- A final difference-Fourier 
synthesis based on structure factors for all atoms 
showed no positive or negative regions with absolute 
electron density exceeding 0-3 e. • 

Atomic parameters resulting from the last round of 
block-diagonal least-squares refinement are given in 
Tables 1, 2 and 3. The estimated standard deviations 
~re those culculated from the diugonal elements of the 
inverse block-diagonal matrix. Observed reflection 
amplitudes versus structure factors calculated from 
these parameters are listed in Table 4. 

Results and discussion 

The crystal structure of myo-inositol as viewed in 
orthographic proj ecti°n ~long the a axis is illustrated 
in Fig. 1. The numbering of atoms is ~rbitrary and is 
simply a carryover from the system used for atom 
identification during the computations. Note that 
atoms in molecule 2 have identification numbers 
which are obtained by adding 20 to the identification 
numbers of corresponding atoms in molecule 1, and 
that hydrogen atom identification numbers are ob- 
tained by adding 60 to the identification numbers of 
the atoms to which they are covalently bonded. The 
labeling does, however, provide for the carbon atom 
carrying an axial hydroxyl group to be numbered 2 

6 9  c 

l~g. 2. Orthographic projection of the asymmetric unit of 
myo-inosi~ol. The projection direction is parallel to the 
vector [0-550, --0.024, 0.226]. 
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(or 22) in deference to the two most commonly used 
myo-inositol ring numbering systems. 

In Fig. 2 a single asymmetric unit is shown in 

Table 5. Bond lengths of covalent bonds and 
their estimated standard deviations 

Bond Length (~) Bond Length (A) 

c(1)-c(2) 1.527 + 0.005 
C(2)-C(3) 1.532 +_ 0.004 
C(3)-C(4) 1"524 + 0.004 
C(4)-C(5) 1.523 4- 0.005 
C(5)-C(6) 1.518 4- 0.005 
C(6)-C(1) 1.512 + 0.004 
C(1)-O(ll) 1.419+__0"004 
C(2)-O(12) 1.426+0.003 
C(3)-0(7) 1.435 4- 0.004 
C(4)-O(8) 1.4214- 0.004 
C(5)-O(9) 1.428 4- 0.003 
C(6)-0(10) 1.428_+0.004 
C(1)-tt(61) 1.06 +0.03 
C(2)-H(62) 0-99 4-0"03 
C(3)-I-I(63) 1.17 --+0-03 
0(4)-H(64) 1.05 _0"03 
C(5)-H(65) 1.09 ±0"03 
C(6)-I:I(66) 0.93 4_0.03 
O(7)-I-I(67) 0.93 -+0.03 
O(8)-ti(68) 0.92 +0.03 
O(9)-I-I(69) 0.95 4_0.04 

O(10)-t~(70) 1"15 +_0"05 
O(ll)-H(71) 0.81 ±0.04 
O(12)-H(72) 0.86 -+0"05 

c(21)-c(22) 
C(22)-C(23) 
C(23)-C(24) 
C(24)-C(25) 
C(25)-C(26) 
C(26)-C(21) 
C(21)-O(31) 
C(22)-O(32) 
C(23)-O(27) 
C(24)-O(28) 
c(25)-o(29) 

1.519-+0"004 
1.533 4_ 0.004 
1-521 +_ 0.004 
1.514+0"004 
1.508 4- 0.005 
1.523 4- 0.004 
1.427 + 0-004 
1.436 + 0.003 
1.436 -+ 0.004 
1.421 + 0.004 
1.438 + 0.003 

C(26)-O(30) 1.430-+0"004 
C(21)-tt(81) 0.98 _+0.03 
C(22)-I4(82) 1.07 -+0"04 
C(23)-H(83) 0.98 +0"03 
C(24)-I-I(84) 1.08 4_0.02 
C(25)-H(85) 1.06 -+0"03 
C(26)-H(86) 1.17 +_0.03 
O(27)-H(87) 0.85 4-0.03 
O(28)-H(88) 0.94 4-0"03 
O(29)-H(89) 1.14 4-0.05 
O(30)-tt(90) 0.97 4-0"05 
O(31)-I-I(91) 0.98 4_0.05 
O(32)-I-I(92) 0.85 -+0.04 

Table 6. Bond angles for covalent bonds 
not including hydrogen atoms 

The estimated standard deviation is 0"3 ° 
for all angles in the table 

A n g l e  Angle 
C(6)-C(1)-C(2) ll0"l° C(26)-C(21)-C(22) I11"9° 
C(I)-C(2)-C(3) I I 0 . 0  C(21)-C(22)-C(23) 109.4 
C(2)-C(3)-C(4) 109"8 C(22)-C(23)-C(24) 111.3 
C(3)-C(4)-C(5) 109-5 C(23)-C(24)-C(25) 109.3 
0(4)-C(5)-C(6) 1 1 1 . 6  C(24)-C(25)-C(26) 113.4 
C(5)-C(6)-C(I) Ill-2 C(25)-C(26)-C(21) ll0-9 
C(6)-C(1)-O(ll) 113-4 C(26)-C(21)-O(31) I12.4 
C(1)-C(2)-O(12) ll0.1 C(21)-C(22)-O(32) 108-6 
C(2)-C(3)-O(7) ll0.3 C(22)-C(23)-O(27) Ill.6 
C(3)-C(4)-O(8) 109-0  C(23)-C(24)-O(28) 108.9 
C(4)-C(5)-O(9) 109-8  C(24)-C(25)-O(29) 109.9 
C(5)-C(6)-O(I0) 109 .8  C(25)-C(26)-O(30) II0.I 
C(2)-C(1)-0(ll) 111 .0  C(22)-C(21)-O(31) 110.9 
C(I)-C(6)-O(I0) 108.3  C(21)-C(26)-O(30) I08.1 
C(6)-C(5)-0(9) 1 0 8 . 6  C(26)-C(25)-0(29) 108.8 
C(5)-C(4)-O(8) I 1 0 . 7  C(25)-C(24)-O(28) 110-3 
C(4)-C(3)-O(7) ii1.9 C(24)-C(23)-O(27) II1.6 
C(3)-C(2)-O(12) I I 0 . I  C(23)-C(22)-O(32) 110.3 
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orthographic projection parallel the vector direction 
[0.550, -0.024, 0.226]. Portions of both molecules of 
the asymmetric unit translated along the a axis are 
also shown, allowing the hydrogen bonds between 
O(8)-0(10), O(7)-O(11), 0(28)-0(30)and O(27)-0(31) 
to be displayed. These hydrogen bonds cannot be 
seen in Fig. 1. 

Bond lengths and angles for covalent bonds are 
given in Tables 5 and 6. Hydrogen bond lengths are 
given in Table 7. The estimated standard deviations 
are calculated from the standard deviations in posi- 
tional parameters listed in Tables 1 and 3, with due 
allowance for error in the unit-cell parameters. Cor- 
rections have not been made in bond lengths to allow 
for the effects of rotational oscillations of the mole- 

Table 7. Hydrogen bond lengths 
The estimated standard deviation is 0.003 /k 

for all bond lengths in the table 

Bond Length 
O(7)-O(11) 2.688 
O(8)-O(10) 2-648 
0(9)-0(7) 2.800 

O(10)-O(27) 2.884 
O(11)-O(29) 2.734 
O(12)-O(8) 2-641 
0(27)-0(31) 2-739 
0(28)-0(30) 2.645 
0(29)-0(28) 2-675 
O(30)-O(12) 2.704 
O(31)-O(7) 2.814 
0(32)-0(27) 2"799 

eules (Cruickshank 1956, 1961); these would probably 
result in increases of a few thousandths of an _~mg- 
str6m unit at most. 

Qualitatively it is apparent that  these results com- 
pletely corroborate the conclusion, drawn from more 
indirect evidence, that  myo-inositol exists in the chair 
form with a single axial hydroxyl group. Bond lengths 
are almost normal, although perhaps the C-C bonds 
are slightly short; the mean C-C bond length is 
1.521 +_0.007 ~, and the mean C-O bond length is 
1.429___0.006 J~. The uncertainties here are r.m.s. 
deviations from the mean among the 12 bonds of 
each type. I t  is noteworthy that  they are only about 
1½ times the rather surprisingly small individual 
bond-length standard deviations calculated from the 
le~st-squ~res result, lending a degree of credibility to 
the latter. The mean of twelve C-C-C bond-angles 
within the rings is 110.7+-1.2 ° , and the mean of 
twenty-four C-C-O bond angles is 110.2 + 1.3 °. As 
might be expected, the r.m.s, deviations from the 
mean among the observed bond angles is about four 
times as large as their individual estimated standard 
deviations, indicating small but real distortions from 
the perfect chair conformation. Such distortions of the 
bond angles as observed here, giving rise to devia- 
tions from the expected 109.47 ° of not more than 3.9 ° 
(at C atoms 24, 25, 26), could easily result from the 

forces involved in hydrogen-bonding and molecular 
packing if we accept 17.502 cal.mole -1 as the energy 
of bending (Westheimer, 1956, p. 533). I t  is interest- 
ing, however, that  the smallest and largest angles of 
both kinds, rings and external, occur at the same 
places in both molecules of the asymmetric unit, 
suggesting the possibility that  we are really observing 
small conformational perturbations characteristic of 
the myo-inositol molecule. Obviously such questions 
can only be settled by examining the molecular para- 
meters in a variety of different crystal structures. 

Looking at the myo-inositol molecule in another 
way, if it were to have a perfect chair conformation 
the plane formed by C atoms 1, 3, and 5 would be 
exactly parallel to the plane of atoms 2, 4 and 6. In 
fact it is observed that  the dihedral angle between 
these planes is 1 ° 27' in the first molecule and 1 ° 14' 
in the second. The estimated standard deviation of 
these angles is only about 0 ° 10'. Again, the distortion 
is small but measurable. 

0 7-o9  
, . ~  67 

/ b 

o /  I 
Fig, 3. Composite of difference-Fom'ier synthesis showing 

electron density peaks corresponding to hydrogen atoms 
in one asymmetric unit. View is along the c axis. Crosses 
represent positions of hydrogen atoms calculated by least 
squares, 

Fig. 3 is a composite projection of levels of constant 
Z from the final difference-Fourier synthesis and 
shows electron density peaks corresponding to hydro- 
gen atoms in one asymmetric unit. Contours are drawn 
at intervals of 0,1 e.A-~ between 0,27 and 0,67 e.A-a. 
Least-squares positions for the hydrogen atoms are 
indicated by crosses. I t  is evident that  these positions 
do not always coincide with the maxima of the as- 
sociated difference-Fourier peaks. The average of the 
twelve C-H distances is 1.05 +- 0.08 J~, and the average 
of the twelve O-H distances is 0.95_+0.11 _~. The 
observed r.m.s, deviations from the mean accom- 
panying these averages are about three times as large 
as the individual estimated standard deviations de- 
rived from the least-squares results, suggesting that  
block-diagonal treatment of hydrogen atom parame- 
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Tab le  8. Magnitudes and direction cosines of the principal axes of thermal vibration ellipsoids 

Axis i B~ Cia Cib C~c 
C(1) 1 3"82 --0.2188 0.7543 0-6552 

2 3"07 --0.3465 0"5330 --0.6480 
3 2.47 --0.9122 --0.3834 0"3883 

C(2) 1 3.34 -0.0074 0"9011 0.4191 
2 2"93  --0.9006 0.1824 -0"1336 
3 2 -48  --0"4346 --0"3934 0"8980 

C(3) 1 3-41  --0.3387 0"2143 0"7889 
2 2.89 -0.2877 0"9507 -0"0330 
3 1.94 - 0.8958 - 0.2243 0.6136 

C(4) 1 3"42 0.1029 0.3130 0"8802 
2 2.75 -0-5447 0.8119 -0.0532 
3 2.15 --0"8323 -0-4927 0.4716 

C(5) 1 3.55 --0.7450 --0.6425 0"0310 
2 2"90  --0.4402 0.6755 --0.4489 
3 2-60 --0.5012 0'3618 0"8930 

C(6) 1 3-75 0.4610 0-7269 0.3638 
2 3.28 --0.2254 0.6506 --0.6361 
3 2.20 - 0.8583 0.2196 0.6804 

0(7) 1 3.88 0.3855 -- 0.0761 0.7794 
2 3.20 0.5721 0.8016 -0.3231 
3 2.16 --0.7239 0.5930 0.5368 

0(8) 1 4.38 0.0911 0.1604 0.9206 
2 3.21 0.5674 --0.8194 --0.0769 
3 2.23 --0.8184 --0.5503 0.3828 

0(9) 1 4.29 --0.9949 0.0374 0.3615 
2 3-50 -- 0.0479 0-6408 -- 0.7241 
3 2.70 0-0886 0-7668 0.5874 

0(I0) I 6.08 --0.2019 --0.8205 0.5697 
2 3 -66  --0.5499 --0"3570 --0.5763 
3 1"93 --0.8105 0.4466 0"5859 

O(11) 1 4.49 --0"3141 0.9263 0.2859 
2 3"83 --0.3144 0.1053 --0.8218 
3 2.04 --0.8958 --0-3618 0.4928 

O(12) 1 3"97 --0.8211 0.3510 0"6572 
2 3.58 --0.5691 --0.4425 --0.5114 
3 2.12 -- 0.0440 -- 0-8252 0.5537 

Axis i Bi Cta Ctb C~c 
C(21) 1 3.39 0.0456 --0-7088 0.6648 

2 2.94 --0.5338 --0.6129 --0.4148 
• 3 2-38 --0.8444 0.3492 0.6213 

C(22) 1 3.32 --0.7464 --0.5357 0"5836 
2 2.92 -- 0.2668 -- 0.3027 -- 0.8074 
3 2.74 --0.6098 0.7881 0"0859 

C(23) 1 3.10 -0.3596 0.8649 0.4349 
2 3.02 -- 0.6657 0.0250 - 0.5358 
3 2.17 --0.6539 -0.5012 0.7237 

C(24) 1 3.24 0.1601 -0-2116 0-8838 
2 2.71 0.4981 0.8606 - 0.0343 
3 2.37 - 0-8520 0.4637 0.4665 

C(25) 1 3.34 0.4901 0.0221 0.7046 
2 2.80 0.7102 -- 0.5898 - 0.5637 
3 2.50 -0.5055 -0-8072 0-4311 

C(26) 1 3-61 -- 0-2454 0.9254 0.3447 
2 3.02 - 0.6549 0.0612 - 0.5459 
3 2.33 --0.7148 -0.3739 0-7637 

0(27) 1 3-80 0.2675 0.2313 0.8268 
2 3.31 0.5439 -0.8376 --0.0989 
3 2.28 - 0.7953 - 0.4950 0.5537 

0(28) 1 4.18 0.0148 -0.4382 0.8606 
2 3-40 --0.6000 -0.7229 --0.1658 
3 2-19 -0-7998 0.5342 0.4815 

0(29) 1 4.49 -0.9940 0.1089 0.2774 
2 3.80 -0.0511 -0.4136 --0.8605 
3 2.30 -0.0964 -0-9039 0.4272 

0(30) 1 5 -71  --0.3572 0.7970 0.5660 
2 3-72 -- 0.3700 0.3580 -- 0.7237 
3 1.94 --0.8576 --0.4864 0.3948 

O(31) 1 4.50 --0.2229 --0.9335 0.3311 
2 3.70 --0.4025 --0-1743 --0.7547 
3 2 -13  --0.8879 0.3133 C.5664 

0(32) 1 3.83 --0.9435 0.2108 0.5035 
2 3.17 --0.1915 0.2827 --0.8519 
3 2.87 0.2704 0.9358 0.1437 

te rs  m a y  u n d e r e s t i m a t e  t h e  a s soc ia t ed  errors .  I n  t he  
i n t e r e s t  of sav ing  space,  cova l en t  b o n d  angles  i nvo lv ing  
h y d r o g e n  a t o m s  are  n o t  l i s t ed  in  t h e  tab les .  T h e r e  a re  
no s ign i f ican t  va r i a t i ons  f rom n o r m a l  t e t r a h e d r a l  
angles ,  if d u e  a l l owance  is m a d e  for t h e  r a t h e r  l a rge  
e r rors  i nvo lved .  

H y d r o g e n  bonds  are  s h o w n  as d a s h e d  l ines  in  Figs.  
1 a n d  2. The re  is no ev idence  of a s y s t e m a t i c  d i f fe rence  
b e t w e e n  h y d r o g e n  b o n d i n g  of t he  ax ia l  as d i s t i n g u i s h e d  
f rom t h e  e q u a t o r i a l  h y d r o x y l  groups .  N o r  does  t h e r e  
seem to  be a n y  p a r t i c u l a r  p re fe rence  for  h y d r o g e n  
bond ing  b e t w e e n  molecu les  r e l a t e d  b y  s y m m e t r y  on  
the  one h a n d  or b e t w e e n  those  n o t  so r e l a t ed ,  on t h e  
o ther .  All  h y d r o x y l  g roups  in  t h e  s t r u c t u r e  cont r ib-  
u t e  t h e i r  h y d r o g e n  a t o m s  to  h y d r o g e n  bonds .  Two 
o x y g e n  a toms ,  7 a n d  27, a ccep t  two  h y d r o g e n  bonds  
each,  a n d  in  c o m p e n s a t i o n  o x y g e n  a t o m s  9 a n d  32 
accep t  no h y d r o g e n  bonds .  All  o t h e r  o x y g e n  a t o m s  
accep t  one h y d r o g e n  bond.  H y d r o g e n  b o n d  d i s t ances  
a n d  angles  a re  u n e x c e p t i o n a l .  

H y d r o g e n  b o n d  angles  of t he  t y p e  C ( 2 ) - 0 ( 1 2 ) - 0 ( 3 0 )  
t e n d  to  be r o u g h l y  t e t r a h e d r a l ,  as w o u l d  be expec t ed ,  
b u t  v e r y  la rge  v a r i a t i o n s  a re  found .  F o r  example ,  in  
t he  p a r t i c u l a r  case c i ted ,  t he  ang le  is 152.8 + 0.5 °. As 
usua l ,  t h e  h y d r o g e n  a t o m s  are  f o u n d  to  be s o m e w h a t  
off of t he  i n t e r n u c l e a r  0 • • • 0 axis,  t he  mos t  e x t r e m e  

cases be ing  h y d r o g e n  a t o m s  70 a n d  91, w h i c h  fo rm  
H - O  • " 0 ang les  of 20 ° a n d  22 °. 

T h e  m a g n i t u d e s  a n d  d i r e c t i o n  cosines of t h e  pr in-  
c ipal  axes  of t h e  e l l ipsoids  of t h e r m a l  v i b r a t i o n  a re  
g iven  in  T a b l e  8. T h e  q u a n t i t i e s  Cta, C~ a n d  C~c a re  
cosines of t h e  ang les  b e t w e e n  t h e  i t h  p r i nc ipa l  axis  
a n d  t h e  a, b a n d  c axes  of t h e  u n i t  cell. The  B~ are  g iven  
in  A 2. All  a t o m s  were  f o u n d  to  be v i b r a t i n g  w i t h  
significant a n i s o t r o p y  in  t h e  sense t h a t  a t  l eas t  one 
of t h e  flij for  e v e r y  a t o m  differs  b y  m o r e  t h a n  2 a  
(see T a b l e  2) f r om t h e  v a l u e  i t  w o u l d  h a v e  if t h e  a t o m  
were  a c t u a l l y  v i b r a t i n g  i so t rop ica l ly  w i t h  B equa l  to  
t h e  m e a n  p r inc ipa l  axis  B~. As w o u l d  be expec t ed ,  t h e  
h y d r o x y l  g roups  h a v e  a g r e a t e r  t e n d e n c y  t h a n  t h e  
r ing  a t o m s  to  be v i b r a t i n g  an i so t rop ica l ly .  The re  are,  
howeve r ,  no a t o m s  in  t h e  s t r u c t u r e  w i t h  e x c e p t i o n a l l y  
la rge  an i so t rop ies .  No  effor t  has  been  m a d e  to  a n a l y s e  
t h e  t h e r m a l  p a r a m e t e r s  in  t e r m s  of osc i l la t ions  or  
r o t a t i o n s  of who le  molecu les .  

This  i n v e s t i g a t i o n  was  s u p p o r t e d  b y  r e sea rch  g r a n t  
RG-4859 f rom t h e  U.S.  P u b l i c  H e a l t h  Service ,  b y  
g r a n t s  f r om t h e  I n i t i a t i v e  171 Sec t ion  of t h e  R e s e a r c h  
C o m m i t t e e  of t h e  G r a d u a t e  School ,  U n i v e r s i t y  of 
W a s h i n g t o n ,  a n d  b y  g r a n t s  of f ree  c o m p u t e r  t i m e  
f rom t h e  R e s e a r c h  C o m p u t e r  L a b o r a t o r y  of t h e  Uni -  
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vers i ty  of Washington.  We are indebted to Dr  Darrel l  
High for his assistance with  the  computat ions,  and 
to Mr L a r r y  Sieker for helping with the  da t a  collec- 
tion. 

References 
ANGYAL, S. J .  & 2SkNDERSON, L. (1959). Advanc. Carbohyd. 

Chem. 14, 135. 
BARTOW, E. & WALWER, W. W. (1938). Industr. Engng 

Chem. 30, 300. 
BEEVERS, C. A. (1962). :Private communication. 
BERGR~IS, J. ,  HAANAPPEL, I J .  M., POTTERS, M., LooP- 

SEA, B. 0. ,  MACGILLAVRY, C. H. & VEENENDAAI,, A.L. 
(1955). Acta Cryst. 8, 478. 

BUSING, W. 1%. & LEVY, H. A. (1959). A Crystallographic 
Least Squares Refinement Program for the I B M  704, 
U.S. Atomic Energy Commission Publication O1%:NL 
59-4-37. 

CRUICKS~ANK, D. W. J .  (1956). Acta Cryst. 9, 757. 
CRUICKSE~NK, D. W. J.  (1961). Acta Cryst. 14, 896. 

ELrEL, E. L. (1962). Stereochemistry of Carbon Compounds. 
:New York:  McGraw-Hill. 

FLETCHER, H. G., JR., ANDERSON, L. • LARDY, H. A. 
(1951). J. Org. Chem. 16, 1238. 

GAI~TZEL, P. K., SPA_RKS, I~. A. & ~RD-EBLOOD, K. N. 
(I 96 I). Private communication. 

HUGHES, E. W. (1941). J. Amer. Chem. Soc. 63, 1737. 
IK2AUT, J .  (1961). Acta Cryst. 14, 1146. 
Y~AU% J.  & JENSEN, L. H. (1963). Acta Cryst. 16, 79. 
Y-a2AUT, J .  & REED, H. J.  (1962). Acta Cryst. 15, 747. 
LORMAR, 1%. L., JR. (1957). The Polyols. in The Carbohy- 

drates, ed. PIGMAN, W. :New York: Academic Press. 
MAGASANICK, B. (1956). The Metabolism of Inositol in 

Microorganisms, in Essays in Biochemistry, ed. 
GRXFF, S. New York: Wiley. 

McWEENY, 1%. (1951). Acta Cryst. 4, 513. 
ORLOFF, H. D. (1954). Chem. Reviews. 54, 347. 
WESTHEIMER, F. H. (1956). Ch. 12, in Steric Effects in 

Organic Chemistry, ed. NEWMAN, M. S. :New York:  
Wiley. 

WHITE, T. :N. (1931). Z. KristaUogr. 78, 91. 

Acta Cryst. (1964). 17, 168 

Molecular Complexes Exhibiting Polarization Bonding. IV. The CrystaI 
Structure of the Anthracene-s-trinitrobenzene Complex 
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The crystal structure of the 1 : 1 complex formed between anthracene and s-trinitrobenzene has been 
determined at  room temperature and at low temperature (ca. - 100 °C). The structure is basically 
the same at  the two temperatures though there are small differences in atomic positions. The crystals 
are monoclinic with four molecules of complex in a cell of dimensions a = 11.70, b = 16.20, c = 13.22, 
all +0.02 A, fl= 132.8 ° -+0.5 ° at  room temperature, and a =  11.35, b = 16.27, c=  13.02, all -+0.02 A, 
fl= 133"2 ° -+0"5 ° at  low temperature, giving the maximum contraction approximately along the 
[10~] crystal direction. The space group is C2/c. The structure has been determined at  each temper- 
ature by three-dimensional Fourier and least-squares methods. The component molecules are stacked 
alternately, each in two different orientations, in infinite columns along the c axis and the most 
important intermolecular contacts are approximately along this direction. 

Introduction 

The complex between anthracene,  C14H10, and s-tri- 
nitrobenzene,  CsHs(N09)s, is one of the series of tri- 
a i t robenzene complexes discussed briefly in part I I I  
(Wallwork, 1961). The conclusion d rawn for the  series 
as a whole was t h a t  if there  are charge t ransfer  forces 
operat ing in the  crystal  lattices,  t hey  mus t  be weak. 
On the  other  hand  the  orange colour of the  crystals  of 
the  anthracene  complex and  the  evidence f rom spec- 
troscopic studies of the  complex in solution (Briegleb 
& Czekalla, 1955; McGlynn & Boggus, 1958) suggest 
t h a t  there is a certain amoun t  of charge transfer .  
Since this complex is one of the more highly coloured 
and one of the  more stable of the  a romat ic  hydro- 

carbon- t r in i t robenzene  series, i t  was felt  t h a t  a de- 
tai led crystal lographic examinat ion  would be of inter- 
est. 

Experimental  

Crystals were deposited slowly as orange needles af ter  
warm solutions of the  components  in ethanol  had  
been mixed and allowed to cool. In  polarized l ight a t  
room tempera ture ,  the crystals  exhibited pleochroism 
(with colours ranging from orange to yellow) with the  
m a x i m u m  absorpt ion of light when the  electric vector  
was parallel  to the  needle axis. At  the  low tempera-  
ture  (ca. - 1 0 0  °C) a t t a ined  by  blowing the  vapour  
from boiling liquid ni t rogen over the crystal ,  its general  


