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According to single-crystal threc-dimensional X-ray data, n-butyric acid crystals at  - 4 3  °C. are 
monoclinic with 

a=8.01_+0.08, b=6"82+0"02, c=10.14_+0.03A; f l - - l l l  °27'_+15'. 

With 4 molecules per unit cell, the calculated density is 1.135 g.cm. -3. This structure exists from the 
melting point down to about - 5 5  °C. where it changes to a second phase of unknown structure. 
The structure is described in space group C2/m. The molecules occur as dimers with the oxygen and 
carbon atoms in the mirror plane, but with large amplitudes for out-of-plane vibrations. A structure 
in space group C2 is not ruled out by the calculations, but is considered less likely than the structure 
in C2/m. The bond distances, after corrections of up to 0.03 A for thermal motion, are C-O = 1.22 
and 1.35 /~, C-C = 1.54, 1"53 and 1-53 /~ (in order from carboxyl to methyl), each _+ 0.02 A. The 
hydrogen bond length is 2.62/~. 

Introduct ion 

The s t ructure  of crystals  of n - b u t y r i c  acid 
(CH3CH2CH2COOH) has been studied by  X - r a y  dif- 
fract ion as a sequel to the work on propionic acid 
(Stricter, Templeton,  Scheuerman & Sass, 1962). 
Butyr ic  acid melts  a t  - 5 . 5  °C. (Timmermans,  1950). 
Pre l iminary  experiments  indicated a phase change in 
the vicinity of - 5 5  °C. We have not  invest igated the 
s t ructure  of the low form because the crystal  was 
always twinned or f ragmented.  This paper  reports  the 
s t ructure  of the high form, determined at  a temper-  
a ture  of - 4 3  °C. Scheuerman & Sass (1960), before 
learning of our work, obtained similar results for the 
unit  cell and probable space groups. 

E x p e r i m e n t a l  procedure  

A small quan t i t y  of n-butyr ic  acid was sealed in a 
glass capillary 0"3 mm. in d iameter  and mounted  
in the same Weissenberg camera t ha t  was used in 
the s tudy  of propionic acid (Stricter, Templeton,  
Scheuerman & Sass, 1962). The melting point  of this 
sample was observed as - 7  °C. The discrepancy with 
the l i terature value of - 5 . 5  °C. m a y  not be significant, 
because a very  slow ra te  of cooling gas flow was 
used a t  this tempera ture ,  and the thermocouple m a y  
not  have been a t  the same tempera tu re  as the  sample. 

A single crystal  was grown in the usual manner .  
Ro ta t ion  and Weissenberg pa t te rns  were t aken  with 
Cu K a  radiat ion and with rota t ion about  the a axis. 
The t empera tu re  was - 4 3 _ + 2  °C. The unit-cell 
dimensions were determined from a cal ibrated zero- 

* Work done under the auspices of the U.S. Atomic 
Energy Commission. 

t Present address: Texas Instruments In(:., P.O. Box 5474, 
Dallas, Texas. 

layer  Weissenberg photograph  and uncal ibrated rota- 
t ion and higher-layer pat terns .  The zero-layer photo- 
graph was not  cal ibrated directly with a quartz  
pa t te rn ,  bu t  with the ro ta t ion  pa t t e rn  of the  butyr ic  
acid sample at  - 195 °. I t  had  been hoped tha t  informa- 
tion could be gathered about  the low-temperature  
form, and it was impossible to preserve the crystal  
and  still make  a quartz  calibration. The low-temper- 
a ture  zero-layer Weissenberg photograph  was in tu rn  
cal ibrated with a zero-layer strip of the rota t ion 
pa t t e rn  of quar tz  ( a=4 .913  /~). The monoclinic angle 
fl was determined by the  method  of angular  lag. 

The intensities of various reflections were es t imated 
visually on multiple-film Weissenberg pa t te rns  (h=O 
to h =  6) by comparison with a s t andard  film strip on 
which the same reflection was exposed for various 
times. All of these films were ' I l ford Indus t r ia l  G'. 
These observations included 353 independent  reflec- 
tions plus 84 others which were recorded as too weak 
to be observed. No correction for absorpt ion was 
deemed necessary since fir was es t imated as less t h a n  
0.15. 

The scale factor  for each value of h was adjus ted 
as a variable in the isotropic least-squares refinements.  
La ter  this scaling was modified as described below to 
make  it consistent with intensities observed on the 
rota t ion pa t te rn ,  which extended only to the th i rd  
layer. 

Unit  cell  and space group 

The monoclinic unit  cell dimensions a t  - 4 3  °C. are" 

a = 8 - 0 1 + 0 . 0 8 ,  b=6-82±0-02 ,  c = 1 0 . 1 4 ± 0 . 0 3  A;  
f l = 1 1 1 o 2 7 ' + 1 5  '. 

Scheuerman & Sass (1960) found the values 
(at - 3 0  °C.)" 
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a = 8-08 4-0"02, b = 6.83 +_ 0.02, c =  10.10 4. 0 . 0 2 / ~ ;  As described in more detai l  later, it  is diff icult  to rule 
fl= 111 ° 9' + 12'. out a structure in space group C2 wi th  a toms  displaced 

very  s l ight ly  from y = 0 .  However ,  we  report space 
The  discrepancies  are reasonable  considering the  group C2/m as the  most  plausible  interpretat ion of the  
accuracy  which is claimed.  W i t h  four molecules  per data.  
unit  cell, the  dens i ty  calculated from our data  is 
1.135 g.cm. -a. The  dens i ty  at - 12 ° is reported to be D e t e r m i n a t i o n  of  t h e  s t r u c t u r e  

1.0875 g.cm. -3 (Rozental ,  1936). A three-dimens ional  Pat terson  funct ion  showed  that  
The Laue  s y m m e t r y ,  2/m, and the  sys temat i c  the h e a v y  a toms  must  lie in or near the planes  y = 0  

absences ,  hkl absent  if h + k  is odd, correspond to a ½. The same conclusion fol lows from the  ob- 
C-centered monocl in ic  latt ice.  The  probable  space and y =  
groups are C2/m, C2, and Cm. A sat is factory refine- servat ion  that  the  intensit ies ,  apart  from the usual  
m e n t  was  carried out  wi th  the  as sumpt ion  of C2/m angular dependence  and the  ext inct ion  rule, are not  
wi th  each a tom (except  some of the hydrogen  atoms)  very  dependent  on/c  for a g iven h and 1. The  assump- 

t ion of a dimer,  like that  of propionic  acid, s i tuated 
in the  special  posi t ions  on the  mirror plane" in the  mirror plane of group C2/m led to a trial struc- 

4(i) : + (x, 0, z) + C .  ture which  was  consistent  wi th  the  Pat terson  funct ion 

Table  1. Structure factors for butyric acid 
In each group of columns are listed l, the observed magnitude of the structure factor, and the structure factor calculated with 
the anisotropic temperature factors. The scale factors for the various values of h are discussed in the text. The letter 'X' marks 
~ structure factor which was given zero weight in the final calculations. The reflections 201, 402, 403, and 603 to 6,0,10 were 
not photographed. Other reflections missing from the lists were too weak to be observed, with limits for detection ranging from 

4 to 12 on this scale 

H=0 
K*O K:2 K:4 K:6 

I 390 400 0 677X 905 0 348 306 0 I00 82 
2 38 35 I 325 278 I 121 107 I 24 32 
3 54 - 5 8  2 43 26 3 41 - 3 6  3 17 - 1 6  
4 299 -220 3 61 -54 4 73 -73 4 31 -27 
5 96 93 4 163 -158 5 16 22 
6 132 109 5 60 64 6 24 29 K:8 
7 21 22 6 83 77 8 16 -13 0 24 20 
8 32 --39 7 14 17 9 I0 -ii 
9 36 - 3 2  8 24 - 2 9  

9 21 - 2 4  

H:4 
K:O K:2 K:2 K:4 

-12 i0 9 -12 9 7 6 49 48 3 13 -12 
-ii 7 -g -I0 24 -29 7 14 17 4 16 -i0 
-i0 29 -36 -9 28 -29 5 15 15 
-9 36 -36 -8 96 -94 K:4 6 28 26 
-8 143 -120 -6 70 77 -i0 14 -15 7 7 i0 
-6 103 102 -5 22 15 -9 14 -16 

H=I 
K-I K: I  K:3 K=5 

- I I  13 14 7 22 -19 I 265 265 -3 a8 -49 
- 9  38 36 8 40 -40 2 54 -55 -2 12 -15 
-8 41 42 9 42 -35 3 47 -45 -I 12 -11 
-7 80 70 I0 16 -19 4 99 -94 0 43 G3 

-6 159 157 5 104 -98 1 88 88 
-5 192 155 K:3 7 16 -12 I* 34 -32 
-4  64 41 -9 26 23 8 18 -23 5 36 -35 
-3 204 -212 -8 22 25 9 19 -21 8 8 -8 
-2 51 20 -7 35 41 i0 8 -Ii 
-I 196 -133 -b 84 84 K 7 

0 282X ...,, -5 76 73 K*5 -3 ~7 -18 
i 471X 581 - 4  i0 14 -9 8 II i 21 26 
2 187 -148 -3 III -I18 -8 i0 I0 4 9 -8 
3 84 -93 -2 i0 -I0 -7 15 17 5 II -i0 
4 196 -176 - 1  23 -40 -6 22 27 
5 211 -177 0 139 131 -5 19 17 

H=2 
K:O K:O K:2 K:4 

-5 12 15 -4 104 III -8 47 -aT K:6 -Ii 13 Ii 8 14 -17 5 13 -14 2 12 -9 
-4 180 150 -3 30 -30 -6 35 35 -9 5 -7 -I0 20 -12 6 17 -19 3 4Q -44 
-i 126 151 -2 28 -29 -5 15 13 -8 16 -17 
0 151 161 -I 102 105 -4 47 53 -6 10 Ii 
I 111 121 0 125 112 -3 12 -Ii -5 7 8 
3 17 --15 i 75 86 --2 I0 --iO --4 20 21 
4 22 --22 2 6 0 --I 36 38 --I 9 8 
5 40 ~0 3 17 -15 0 48 40 0 9 6 
6 66 60 4 21 -18 I 29 32 i 8 5 
7 21 20 5 30 31 2 II -8 4 7 -3 

H=5 
K:I K:I K:3 K:5 

-12 8 9 3 38 -40 0 42 45 -i 21 21 
-Ii 9 7 4 31 -32 1 7 -3 0 15 15 
-9 10 -2 5 26 -21 2 16 -15 2 7 -7 
-8 28 23 3 23 -26 3 ]2 -13 
-7 15 -20 K:3 4 23 -20 .% 10 -9 
-6 82 81 -ii 7 9 5 16 -13 5 5 -5 
-5 33 32 -8 i0 12 
-3 127 131 -7 18 -17 K=5 K=7 
-2 32 34. -6 39 40 -7 12 -II -3 12 9 
-i 87 83 -5 18 19 -6 12 9 -I 9 7 
0 88 81 -3 71 75 -5 7 2 
I 18 -2 -2 18 22 -3 36 30 
2 22 -23 -i 44 50 -2 lO 12 

H:6 
K:O K:2 K:2 K:4 

-12 24 23 -12 21 19 2 40 -~3 - i  10 I0 
-II 18 12 -11 13 10 3 30 -30 0 22 23 
-2 19X 33 -8 22 17 4 14 -18 2 22 -20 
-i 4 7 -7 32 35 5 8 -6 3 14 -15 

u ~9 ~5 - 5  6 12 4 8 - I 0  
2 54 -96 -4 87 -79 K=4 
3 41 -39 -3 55 -54 -8 i0 8 K=6 
4 19 -22 -2 23 27 -7 16 16 -4 19 -14 
5 12 -8 -i 8 9 -4 48 -40 -3 ii -8 

0 34 38 -3 26 -25 0 "13 10 
I 7 -6 -2 19 16 2 7 

-9 21 -23 K=2 7 I0 8 ~ 26 22 
-8 102 99 -I0 14 -ii 8 17 -15 6 I0 -9 
-7 69 81 -9 18 -18 9 8 -6 8 12 -9 
-6 86 99 -8 77 77 
-5 30 27 -7 54 64 K-4 K=6 
-4 349X-233 -6 71 78 -9 9 -8 -8 16 14 
-3 341 -309 -5 27 19 -8 40 38 -7 15 13 
-2 295 -297 -4 173 -164 -7 31 33 -6 13 17 
0 304X-344 -3 171 -213 -6 38 41 -4 16 -19 
1 136 -96 -2 247 -210 -5 9 8 -3 18 -23 

2 114 -82 -I 48 -55 -4 50 -66 -2 27 -29 
3 224 -207 0 225 -213 -3 81 -81 -I I0 -9 
4 28 40 1 66 -64 -2 89 -88 0 23 -19 
5 21 -22 2 62 -53 -i 26 -23 4 19 12 
6 29 -25 3 135 -140 0 84 -71 
7 14 12 4 24 33 1 15 -21 

H=3 
K=I K=I K=3 K:5 

-12 IZ 12 5 140 133 1 57 -41 -2 25 -26 
-II 18 -17 6 61 61 2 22 -27 0 16 13 
-i0 24 -22 7 26 29 3 32 -32 ! 25 -19 
-9 Ii0 -98 4 19 17 2 14 -13 
-8 78 -64 K=3 5 92 81 3 14 -9 
-7 96 88 -12 8 8 6 38 38 4 14 9 
-6 II I0 -Ii 13 -II 7 17 17 5 36 33 
-5 65 47 -10 18 -16 6 16 16 
-4 180 -162 -9 65 -61 K'5 7 8 6 
-3 366 -361 -8 37 -37 -10 9 -9 
-2 177 -161 -7 47 55 -9 30 -26 K=7 
-i 8 i0 -6 18 16 -8 12 14 -7 8 8 
0 I06 .98 -5 34 37 -7 25 24 -6 7 7 
1 80 -72 -4 77 -82 -6 14 14 -5 i i  I0 
2 46 -38 -3 182 -178 -5 20 23 -3 15 -11 
3 60 -59 -2 85 -82 -4 26 -23 
4 22 25 O 45 50 -3 50 -54 
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and which had  coordinates which differed by less t han  
0.02 from our final values for carbon and oxygen 
atoms.  

The s t ructure  was refined by the method of least- 
squares with the IBM-650 computer  using the nearly- 
diagonal p rogram 'LS- I I '  (Senko, 1957). Reflections 
were weighted as in the last  cycles of choline chloride 
(Senko & Templeton,  1960). The atomic scat ter ing 
factors of Hoerni  & Ibers  (1954) for carbon and oxygen 
were used in all calculations. In  this program,  in- 
dividual  isotropic t empera tu re  factors are used. 

After  m a n y  cycles, the conventional  unrel iabi l i ty 
factor  R was reduced to 0.167, bu t  the  bond distances 
were unsat isfactory.  Addit ion of hydrogen a toms a t  
assumed positions, with fur ther  refinement,  reduced 
R to 0.128. An addit ional  cycle, with hydrogen a toms 
omit ted,  gave R=0-159 .  

For  this s t ructure,  C-C bond lengths were 1.48, 
1.52, and 1.49 A, and C-O bond lengths were 1.19 and  
1-34 A. We were dissatisfied with these results. 

A three-dimensional  difference synthesis showed 
positive peaks in positions indicating large the rmal  
vibrat ion perpendicular  to the mirror  plane, or alter- 
nat ively,  small displacements of a toms from this plane. 
Earl ier ,  a t t emp t s  had  been made  to refine the  struc- 
ture  in space group C2, with a toms slightly displaced 
from the plane. If  the a toms are all near ly  in the plane, 
then  each ~[F[/~y is near ly  zero, and the p rogram 
fails to operate  properly.  I f  larger displacements are 
made,  the p rogram shifts a toms back toward  the 
mirror  plane. 

Table 2. Atomic coordinates and standard deviations 

Atom x y z a(x) ~r(z) 
Oxygen 1 0.2359 0 0.0379 0.0006 0-0004 
Oxygen 2 0-9987 0 0.8382 0.0006 0.0004 
Carbon 3 0.1582 0 0.8986 0.0010 0-0006 
Carbon 4 0.2932 0 0.8248 0.0010 0.0007 
Carbon 5 0-2072 0 0.6647 0.0013 0-0008 
Carbon 6 0.3471 0 0.5968 0.0012 0-0008 

dinates and t empera tu re  parameters  are given in 
Tables 2 and 3. 

D i s c u s s i o n  of  t h e  t h e r m a l  m o t i o n  a n d  s t r u c t u r e  

The anisotropic t empera ture  factor  of each a tom in 
the  mirror  plane is of the form 

exp ( -  ~llh 2 -  ~22]~ 2-/~33l 2 -  2~13hl). 

The correct evaluat ion of the  thermal  parameters  fl~j 
obviously requires proper scaling of the data .  By 
observations from the rota t ion pat tern ,  it was con- 
cluded t h a t  the da t a  of Table 1 would be more correct 
if each observed s t ructure  factor  were multiplied by 
the  factor exp (0-0085he). If  this is done, then  0.0085 
must  be subt rac ted  from each flll in Table 3. Because 
the  layers above the thi rd  were not recorded on the 
ro ta t ion  photograph,  the accuracy of this correction 
is very  poor. The accuracy of the flla values is also 
doubtful ,  but  the values obtained are plausible. To 
facil i tate the  discussion of these parameters ,  the tem- 
pera ture  factors B in the expression e x p ( - B s i n  20/), 2) 
for the principal axes of thermal  motion are listed in 
Table 4. The directions of the  principal axes in the 
ac plane are determined poorly, but  for most  of the  
a toms the larger motion in this plane is approximate ly  
t ransverse  to the skeleton of the  molecule. 

Table 4. Principal temperature factors 

B 
A 

Atom ~ (b axis) (ac plane) " Angle* 

Oxygen 1 ll.1 A 9 6.0, 5.0 A 9" 45 ° 
Oxygen 2 8.7 5.9, 4.3 130 
Carbon 3 5.5 6.6, 4.2 120 
Carbon 4 8.7 6.8, 5.6 140 
Carbon 5 12.1 8.1, 5.4 155 
Carbon 6 9.3 9.9, 4.1 140 

* Anglo between c axis and direction of smallest motion, 
with angle to a axis acute. 

Table 3. Anisotropic temperature parameters 

Oxygen 1 0-0334 0-0595 0.0150 0.0061 
Oxygen 2 0.0310 0.0470 0.0159 0.0089 
Cart)on 3 0-0303 0.0298 0.0183 0.0095 
Carbon 4 0.0361 0-0466 0.0182 0.0091 
Carbon 5 0-0426 0.0651 0.0190 0.0135 
Carbon 6 0.0423 0-0501 0.0236 0.0189 

At  this point  in the work, the IBM-704 computer  
became available to us, and a ref inement  with an- 
isotropic t empera tu re  factors was under taken  with the  
Busing & Levy (1959) program,  using only the 
observed reflections. Hydrogen  a toms were omitted.  
The scale factors for the layers were t aken  from the 
isotropic refinement.  After  five cycles, shifts were 
negligible and R was 0.127. The final calculated 
s t ructure  factors are compared with the observed 
s t ructure  factors in Table 1. The final atomic coor- 

In  spite of the uncer ta in ty  concerning the details 
of the thermal  analysis,  it is clear t ha t  there is con- 
siderable displacement of the a toms from the mirror  
plane. This displacement is measured by  fl22, which 
like fl33 is relatively independent  of the doubtful  scale 
factors. The largest fl22, t ha t  of a tom C~, corresponds 
to a root mean square displacement of 0"39 _~. In  
propionic acid (Stricter, Templeton,  Scheuerman & 
Sass, 1962) the terminal  carbon a tom is 0-30 J~ out  
of the plane of the rest  of the skeleton. We suggest 
t ha t  in the butyr ic  acid crystal  the molecules tend  
to be similarly non-planar,  but  t ha t  the distortions 
are randomly  up and  down and t h a t  a par t icular  
molecule vibrates  from one configuration to the other. 
Even  the largest  r.m.s, ampli tude is not  great ly  
different from the ampli tudes of the in-plane vibra- 
tions, whose average is about  0.28 _&. This fact  makes  
us consider it unlikely t ha t  the molecules could have 
an ordered s t ructure  in space group C2 at  this tom- 
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perature.  A proper analysis of our suggeste:l s t ructure 
would require consideration of the effect of the 
assumed double min imum of the v ibra t ion  potent ia l  
on the  mathemat ica l  form of the tempera ture  factor. 
To rule out  space group C2 by the diffraction da ta  
(if it  could be done) would require fur ther  calculation, 
for example by least squares with considerat ion of the 
terms in 82[FJ~/Sy2. Circumstances do not  permit  us 
to under take  such calculations at  this time, and they  
probably  are not  justified wi thout  more reliable 
scaling of the data.  

This dynamic  disorder could not  persist a t  a low 
temperature .  The phase change at  - 5 5  °C. goes to 
another  s t ructure which we suggest contains non- 
p lanar  molecules in a less symmetr ical  environment .  

Table 5. Bond distances as observed and after 
correction for thermal motion 

Bond Observed length Corrected length 

()l-Ca 1.32 ~k 1.35 A 
()2-Ca 1-20 1-22 
Ca--C 4 1.52 1-54 
C 4---C'~ 1.51 1- 53 
C5-C ~ l'52 1"53 
O1-H" • • O 2 2"62 2"62 

The large thermal  mot ion  tends to make the ob- 
served bond lengths shorter  t han  the true values. 
The correction requires assumptions concerning the 
details of the thermal  motion,  but  must  include a 
te rm of the order of (B~-Bj)/16~2d, where B~ and Bj 
are the  tempera ture  factors for the b-axis direction 

0 , ' /  

," ,)  

0 5 I0 
I ' ' ' I I I I I I I 

Fig. 1. Crystal structure of butyric acid projection along [010]. 
The parallelogram indicates one unit cell. The heavy lines 
represent molecules at y=0;  the lighter ones, molecules at 
y= ½. Broken lines represent hydrogen bonds. 

for the two atoms and d is the bond distance. Wi th  
the most optimistic assumptions,  the in-plane vibra- 
tions are un impor tan t ,  and the correction ranges from 
0.012 to 0.027 Jk for the various bonds in the molecule. 
The observed bond lengths are compared with the  
corrected values in Table 5. Other kinds of assumptions 
give larger corrections and  unreasonably  long bond 
distances. 

The ar rangement  of the molecules in the uni t  cell 
is shown in Fig. l ,  where broken lines represent the  
hydrogen bonds which connect the molecules of each 
dimer. The observed molecular dimensions are shown 
in Fig. 2. S tandard  deviat ions are 0.02 _~ or less for 
bond distances and about  1 ° for bond angles. In  these 
est imates no considerat ion is given to systemat ic  
errors such as the effects of the thermal  motion.  The 
inaccuracy of the cell dimensions makes a considerable 
contr ibut ion to these errors. 

® 
1.52 . / -  

. 152 
. .  " "" " \ 1 2 5 0 "  ~ ' L ' 5  2 

,, / "2  ~ 62 

7 0  I 2,~ / - - . /  
c(.c2J I I I 

Fig. 2. Observed molecular dimensions, before correction for 
thermal motion. All atoms shown are in the same mirror 
plane. 

The molecular shape is very  analogous to t ha t  of 
propionic acid (Stricter, Templeton,  Scheuerman & 
Sass, 1962). The bond distances were shorter t han  
expected before correction for thermal  motion,  but  
are quite normal  when corrected. 

We t ha nk  Dr I. Olovsson for his help with the low- 
tempera ture  appara tus  and Mrs H . W .  Ruben,  Dr 
R. P. Dodge, Dr G. L. Hardgrove and Dr Q. C. John-  
son for assistance in the calculations. We are indebted 
to Dr D. W. J. Cruickshank for a remark  concerning 
ro ta t ion  of sulfate groups at  just  the r ight  t ime to 
make us realize the impor tance  of the mot ion  cor- 
rect ion in this problem. 
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The Crystal Structure of Valeric Acid 

BY RONALD F.  SCH:EUERMAN AND ROI%CLD L. SASS 

Department of Chemistry, Rice University, Houston, Texas, U.S .A .  

(Received 19 October 1961) 

A three dimensional X- ray  s tudy of crystal l ine valerie acid has shown it to be monoclinic with 

a=5 .55 ,  b=9.664,  c=11.341 A; f l=101 °49 ' , ;  Z = 4 ,  

and space group c~h-p2~/c. The trial s t ructure  was obta ined from a Pat terson function of the a axis 
projection. The s t ructure  was refined by least-squares methods.  The final s tructure consists of dimers 
located about  a center of symmet ry  with a hydrogen bond distance of 2.63 A. The observed inter- 
atomic distances are C - ( ) =  1.35, 1.26 A; C-C = 1.53, 1-53, 1.57, 1.57 A. All intermolecular contact  
distances are normal.  

I n t r o d u c t i o n  

Recent  s tudies  of the  c rys ta l  s t ruc tu res  of formic acid 
(Hol tzberg ,  P o s t  & F a n k u c h e n ,  1953), acet ic  acid 
(Jones & Temple ton ,  1958), propionic  acid (Str ie ter ,  
Temple ton ,  S c h e u e r m a n  & Sass, 1962) a n d  b u t y r i c  
acid ( S t r i e t e r &  Temple ton ,  1962) show t h a t  the  
molecular  pack ings  of these  f a t t y  acids are qui te  
var ied .  The  fac t  t h a t  the  me l t i ng  po in t  of valer ic  acid  
(CHaCH2CH2CH2C00H)  is lower t h a n  t h a t  of any  
o ther  no rma l  f a t t y  acid suggests  t h a t  e i ther  the  
c rys ta l  s t r u c t u r e  is also of a d i f ferent  n a t u r e  or t h a t  
the  p roper t i es  of the  l iqu id  s t a t e  of these  acids arc 
la rge ly  respons ib le  for t he i r  me l t i ng  behavior .  This  
paper  descr ibes  the  c rys ta l  s t ruc tu re  of va ler ic  acid  
as d e t e r m i n e d  b y  X - r a y  di f f rac t ion.  The c rys ta l  was 
found  to consis t  of h y d r o g e n  bonded  d imers  w i th  a 
molecular  pack ing  qui te  s imi lar  to  t h a t  of propionic  
acid. 

E x p e r i m e n t a l  

Preparation of crystals 
A t t e m p t s  to ob t a in  single c rys ta l s  of valer ic  acid 

us ing the  t echn ique  descr ibed  for propionic  acid  
(Str icter ,  Temple ton ,  S c h e u e r m a n  & Sass, 1962) were 
unsuccessful .  However ,  a m u c h  s impler  m e t h o d  was 
devised  by  which sa t i s f ac to ry  single c rys ta l s  could be 
o b t a i n e d  in  less t h a n  an  hour ' s  t ime.  Scveral  mil l i l i ters  
of valer ic  acid were p laced  in a 30 ml. pear  shaped  
f lask.  The  f lask was t h e n  p laced  in a beaker  f i l led 
wi th  glass beads  a n d  the  en t i re  a s sembly  set  in  a 
Dewar  f lask fi l led w i th  c rushed  d r y  ice. U n d e r  these  
condi t ions  the  wfleric acid s lowly  freezes in to  well 
formed crys ta ls .  The  c rys ta l s  were b roken  free f rom 
the  f lask a n d  s h a k e n  onto  a me ta l  p la te  cooled by  a 
large block of d r y  ice. Several  small  ncedlc- l ike 
c rys ta l s  were selected a n d  p laced  in 0-3 mm.  glass 
capil laries.  A cap i l l a ry  was g lued  in  a brass  p in  while 

Table  1. Valeric acid 

Final (isotropic temp. factors) 

Atom x y 

C 5 0.8162 0.4544 0.1121 
C 4 0.6620 0.3567 0.1817 
C a 0.5163 0.4428 0.2619 
C 2 0.3857 0-3390 0.3322 
(41 0.2293 0-4116 0.4066 
02 0" 1983 0" 5405 0"4146 
01 0.0971 0.3267 0.4700 

atomic parameters 

Final (anisotropic temp. factors) 

x y z 

5"565 0"8196 0"4553 O" 1136 
4"561 0"6607 0"3582 O" 1805 
3"678 0"5174 0"4414 0-2628 
3"976 0"3862 0"3400 0"3324 
3"974 0.2208 0.4112 0.4065 
4" 593 0" 1957 0" 5403 0"4146 
4.540 0"0978 0.3280 0.4689 

z B 


