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The Crystal Structure of Peroxypelargonic Acid 

BY D. BELITSKUS AND G. A. JEFFREY 

The Crystallography Laboratory, The University of Pittsburgh, Pittsburgh 13, Pa., U.S.A.  

(Received 20 February 1964 and in revised form 14 May 1964) 

The crystal structure of peroxypelargonic acid, CHs[CI-I2]~COOOH, has been determined from 
photographic three-dimensional X-ray data. This has established the molecular packing and the 
hydrogen bonding, which is intermolecular and forms infinite spirals along the twofold screw axes. 
The -COO0 group is planar, with C =O 1.23, C-O 1.35 and O-O 1.44 A. The C-C bond distances 
and angles agree with accepted values within the estimated standard deviations of--- 0.02 A and 1 °. 

Introduction 

Aliphatic peroxy acids have been known for over a 
half-century (Swern, 1949), but  it is only recently 
tha t  improved methods of preparation (cf. Silbert & 
Swern, 1959) have made possible the s tudy of the 
structural characteristics of the peroxycarboxylic acid 
group. This work has been principally by means of 
physical chemistry methods and the results have 
been recently reviewed by Swern & Silbert(1963). 
Of particular interest is the nature of the hydrogen 
bonding in these acids, since, unlike normal carboxylic 
acids, they can theoretically form chelated monomers 
by intramolecular hydrogen bonding. There is strong 
evidence, in fact, tha t  in the liquid state the lower 
member peroxy-acids exist exclusively as such 
(Gigu~re & Olmos, 1952). More specifically it has been 
proposed from dipole moment measurements tha t  the 
0 :C. O. 0 group is nearly coplanar with the hydrogen 
atom out of the plane (Rittenhouse, Lobunez, Swern 
& Miller, 1958), and tha t  in the solid state, the mole- 
cules are intermolecularly hydrogen bonded in dimers, 
or possibly dimers with both intra and intermolecular 
hydrogen bonding, as in (I) (Swern, Witnauer, Eddy  
& Parker, 1955). 
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The present structure analysis of peroxypelargonic 
acid (II) is par t  of a program using crystal structure 
analyses as a means to obtaining more conclusive 
evidence concerning the stereochemistry and the 
hydrogen-bonding characteristics of the peroxycar- 
boxylic acids in the solid state. 

Crystal  data 

Monoclinic, m.p. 35 °C. 

a=23 .49±0 .05 ,  b=4.80±0.05,  c=9-64±0.05  ~ ;  
/~ = 106"0 ° ± 0"5 °; V = 1044 A 3; 

D~= 1.11 g.cm-8, Dm= 1.11 g.cm-a 

(by flotation in aqueous sodium chloride); 
Z = 4 .  

Space group P21/c, from extinctions, hO1 absent with 
1 odd, 0k0 absent with k odd. 

The long spacing, a sin fl=22.55 A, is in good agree- 
ment  with the value of 22.53 _~ obtained from 
powder data by Silbert, Siegel & Lutz (1963). 

Exper imenta l  

The crystals were supplied by  Dr D. Swern and 
Dr L. S. Silbert of the Eastern Regional Research 
Laboratory, Department  of Agriculture. They were 
soft, thin, colorless plates on (100), which were 
elongated in the direction of the b axis. F a t t y  acids 
generally form poor single crystals which are difficult 
to manipulate and this compound was no exception. 
Even the best crystals tha t  could be obtained were 
of such a quality as to preclude a h igh  precision 
structure determination. The crystals selected for 
mounting along the b and c axes were parallelepipeds, 
approximately 1 mm wide, 0.2 mm thick, and cut 
to a length of 1 mm. They were sealed into thin-walled 
glass capillaries. Of this series of acids, ranging from 
the C9 to Cls, these are the only single crystals we 
have so far obtained which approach a quality to 
permit a detailed structure analysis. The X-ray data  
were recorded on multifilm equi-inclination Weissen- 
berg photographs, with Cu Kc~ radiation. The crystal 
temperature was maintained at  about - 3 0  °C by 
enclosing the instrument in a cold-box, as described 
by Allen, McMullan & Jeffrey (1963). Three layers 
were recorded about the b axis and six layers about 
the c axis. 

At room temperatures, the crystals decomposed 
rapidly in the X-ray beam. At - 3 0  °C, it was possible 
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to record about 250 hours of exposure before severe 
disintegration occurred. The exposure times were 
therefore hmited to 40 hours per layer, somewhat 
restricting the number of observed spectra. The 
number of independent reflections indexed and 
estimated was 886, of which 197 were unobserved 
above the background. This is only 31% of those 
theoretically available with Cu Kc~ radiation. How- 
ever, the imperfections of the crystals were such that  
neither longer exposures nor lower temperatures could 
significantly improve this ratio. The intensities were 
estimated visually and unobserved reflections were 
assigned an intensity of 10% of the minimum ob- 
servable value. The flaking of the crystals was such 
that  the diffraction data exhibited a variety of spot 
shapes and sizes, making accurate estimation of 
relative intensities very difficult. The Lorentz and 
polarization corrections were made with an IBM 1620 
computer, using the program of Shiono (1963). Inter- 
layer scaling was carried out by a series of 1620 
programs of Beurskens (1964a). Owing to variation 
of spot size and shape, this proved to be rather un- 
reliable, and the layer lines were subsequently rescaled 
against the calculated structure factors. No correc- 
tions for absorption or extinction were applied. 

T h e  s t ruc ture  d e t e r m i n a t i o n  

The orientation of the hydrocarbon chain was obvious 
from the very intense 502 reflection and general 
packing considerations. Although several Fourier maps 
with reasonable appearance for the chain part of the 
molecule were obtained by trial and error methods, 
none of these led to a satisfactory solution to the phase 
problem. 

The structure was solved directly by a systematic 
application of Sayre's equation s(h+h')~--s(h)s(h') ,  
(Sayre, 1952), according to the method of Beurskens 

(1964b), and using a series of IBM 1620 programs 
for this purpose (Beurskens, 1964c). A Wilson plot 
was used to put the data on an absolute scale and 
to determine an average atomic temperature factor. 
The [Fi's were converted to normalized structure 
factors, (IEl's), (Hauptman & Karle, 1953). This 
method of applying Sayre's equation is based upon 
the fact that  a correct set of signs will give a consistent 
set of Sayre's relations, and requires no previous 
knowledge of signs. Three reflections, called the origin 
set, were arbitrarily given positive signs, in order to 
fix the origin. Twelve strong reflections were then 
tentatively assigned positive signs and these reflec- 
tions were used to generate new reflections with 
Sayre's equation. The sign dependencies of these new 
reflections were traced back to the original reflections, 
to determine whether the arbitrarily chosen signs were 
actually correct. The criterion for accepting a sign 
was based on the probability formula of Cochran & 
Woolfson (1955). Those signs which were shown to be 
incorrect were reversed and the process was continued, 
reiteratively. As the signs of more reflections became 
known, these were used for further generation, by 
Sayre's equation, until all the strong reflections had 
been used. The signs of the strong reflections were then 
correlated with the origin set, for consistency. 

The three origin-fixing reflections and the twelve 
initial reflections are given in Table 1, where the 
information gained in three cycles of sign generation 
and sign correlation is shown. At the end of the third 
cycle, which incorporated all the strong reflections 
for the profitable use of Sayre's equation, it was found 
that  two of the initial twelve reflections still had 
unknown signs, but had contributed little to the 
discovery of new signs, and so these were omitted 
from further consideration. Six other reflections had 
successfully been correlated with the origin set, and 
their signs were therefore uniquely determined. These, 

Table 1. Information about signs obtained in the first three cycles of sign generation and correlation 
F i n a l  poss ib i l i t i es  

^ 

Cycle  1 Cycle  2 Cycle  3 More  p r o b a b l e  Less  p r o b a b l e  
Or ig ina l  

R e f l e c t i o n  s ign a s s i g n m e n t  

7 4 2 W |  ori- + + + + + 
2 3 4  + / g in  + + + + + 
4 2 3  + se t  + + + + + 
2 1 8  ( + ) ( + ) ( + ) o m i t t e d  

16 3 2 (+) (+) (+)t  - - - 
6 2 2  ( + )  ( + )  (-J-)t  ( + )  -- + 

1 2  ( + )  ( + ) *  ( + ) *  ( + ) *  -- -t- 
1542 (+)- - . . . .  
~02 (+) (+) (+)? (+)* - + 
1 4 4  ( + )  ( + )  ( + )  -- -- -- 
7 2 2  ( + )  . . . . .  

1 0 2 5  ( + )  ( + )  ( + )  ( + ) *  -- + 
4 2 7  ( + )  ( + )  ( + )  -- -- -- 

2 7  ( + ) ( + ) ( + ) o m i t t e d  
1 2 2 1  ( + )  (-4-) . . . .  

( ) i nd i ca t e s  a t e n t a t i v e  a s s i g n m e n t  (sign u n k n o w n ) .  
* i nd i ca t e s  a co r r e l a t i on  w i t h  re f l ec t ion  6 2 2 (pos i t ive ,  if 6 2 2 is pos i t ive ) .  
t i n d i c a t e s  t h a t  r e f l ec t ions  1-6 3 2, 5 0 2, a n d  6 2 2 do  n o t  all  h a v e  t h e  co r r ec t  sign. 
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Table  3(a). The fractional atomic coordinates, 
Atom x (~(x) y 
O(1) --0-0172 0.008 A - 0.108 
0(2) 0.0225 0.008 - 0.250 
0(3) 0-0865 0.008 0.090 
C(1) 0.0759 0.012 -0.125 
C(2) 0-1158 0.012 -0.282 
C(3) 0.1636 0.012 -0.095 
C(4) 0.2095 0-012 - 0.275 
C(5) 0.2556 0.014 -0.095 
C(6) 0.3031 0.013 -0.277 
C(7) 0.3510 0.014 -0.096 
C(8) 0.3967 0.014 -0.288 
C(9) 0.4437 0.018 -0.115 

isotropic temperature factors and estimated standard deviations 
a(y) z a(z) B a(B) 

0.009 /i~ --0.190 0.008/~ 3-05 A 2 0-16 A 9 
0.009 -0.069 0.008 2.77 0.15 
0.009 -0.084 0.008 3.26 0.17 
0.013 --0.027 0.012 2.77 0.23 
0.013 0.096 0.013 3.27 0-26 
0.013 0.192 0.013 3"05 0-25 
0-014 0.302 0.013 3.29 0.26 
0.016 0.409 0.015 4-45 0"32 
0.014 0.515 0.014 3-64 0-27 
0.016 0.623 0.015 4.76 0.32 
0"017 0.728 0.016 4"68 0.34 
0'021 0"839 0.019 6"95 0.45 

in t u r n  h a d  i n i t i a t ed  the  d e t e r m i n a t i o n  of the  signs 
of 166 o ther  reflect ions.  However ,  the  signs of t he  
r ema in ing  four  in i t ia l  ref lect ions a n d  164 ref lect ions 
gene ra t ed  b y  them,  a l t h o u g h  corre la ted among  them-  
selves, could on ly  be l inked  to t he  origin set  b y  several  
re la t ions  t h a t  occurred w i th  low probab i l i ty .  A l though  
these  re la t ions  sugges ted  a reversal  of the  signs of 
these  168 ref lect ions (which m e a n t  t h a t  the  sign of 
ref lect ion 622, to  which  t h e y  h a d  all  been correlated,  
was a c t u a l l y  negat ive) ,  t he  evidence was no t  s t rong  
enough to do so w i t h  ce r t a in ty .  Therefore,  two three-  
d imens iona l  Four ie r  E - m a p s  were made,  us ing an  
I B M  7070 p r o g r a m  of MeMullan,  Chu & Shiono (1962), 
w i th  the  doub t fu l  group of ref lect ions g iven  opposi te  
signs in  each case. The  less p robab le  combina t ion  of 
signs p roduced  a m a p  w i t h  more t h a n  the  expec ted  
n u m b e r  of peaks  which  could no t  be f i t t ed  to a 
chemica l ly  reasonab le  s t ruc ture .  The  m a p  resu l t ing  
f rom a reversa l  of the  dubious  signs had  the  correct  
n u m b e r  of peaks ,  th ree  of which  were s t ronger  t h a n  
the  o thers  a n d  were ident i f ied  as oxygen  a toms,  
a n d  n ine  of which  f i t t ed  the  conf igura t ion  of an  
a l ipha t ie  ca rbon  chain.  Fig.  1 shows the  in i t ia l  three-  
d imens iona l  Four ie r  E m a p  a n d  the  f ina l  three-  
d imens iona l  Four ie r  2'  map .  

)f ,  X 

Z 

% 
O 

(a) (b) 
Fig. 1. Structure of peroxypelargonic acid. 

(a) Initial three-dimensional E Fourier synthesis. 
(b) Final three-dimensional F Fourier synthesis. 

The  coordina tes  of t he  peak  pos i t ions  were deter-  
m ined  b y  the  m e t h o d  of Boo th  (1948) and  an  in i t ia l  
s t r u c t u r e  fac tor  ca lcu la t ion  y ie lded  an  R va lue  of 

Tab le  3(b). The assumed methylene hydrogen 
atom parameters 

Atom x y z B 
H(2) 0.0948 -- 0.424 0.151 3-27 
H(2") 0.1296 -- 0.489 0.072 3-27 
H(3) 0.1493 0.098 0.231 3-05 
H(3') 0.1804 0.077 0.140 3.05 
H(4) 0.1925 -- 0-457 0.346 3.29 
H(4') 0.2258 -- 0.461 0.260 3-29 
H(5) 0.2390 0.085 0.454 4-45 
H(5') 0-2712 0-090 0.366 4.45 
H(6) 0.2872 -- 0.460 0.559 3-64 
H(6') 0.3190 -- 0.460 0.470 3"64 
H(7) 0.3358 0.088 0-668 4.76 
H(7') 0-3680 0-086 0.580 4.76 
It(8) 0.3794 -- 0.473 0.768 4"68 
It(8") 0-4124 -- 0.469 0.681 4-68 
H(9) 0.4219 0.064 0"902 6-95 
H(9') 0-4674 0-068 0.782 6.95 
H(9") 0.4749 --0.255 0"911 6"95 

On f u r t h e r  0.37, for the  observed  ref lect ions only.  
r e f inemen t  th i s  p roved  to  be t he  correct  so lu t ion  to  
t he  phase  problem.  Of the  340 signs de t e rmined ,  
on ly  13, all associa ted  wi th  F ' s  of low magn i tudes ,  
were s u b s e q u e n t l y  found  to be incorrect .  

T h e  s t r u c t u r e  ref inement  

Three  cycles of isotropic  leas t - squares  re f inement ,  w i t h  
the  I B M  7070 p r o g r a m  of Carpen te r  (1963), a n d  a 
we igh t ing  scheme 1/w=21Fminl + [F[ +[2/]Fmax[]lFl2 
reduced  R to 0.27. An  e x a m i n a t i o n  of t he  observed  
a n d  ca lcula ted  s t ruc tu re  fac tors  t h e n  showed sys te-  
ma t i c  discrepancies  due  to  inaccura t e  i n t e r - l aye r  
scaling. Resca l ing  wi th  t h e  ca lcula ted  s t ruc tu re  fac tors  
reduced  R to 0-19. Two more  cycles of l eas t - squares  
r e f inemen t  reduced R to 0.18, and  gave  coord ina te  

shifts of less than 0.02 •, indicating that the original 
r e f i nemen t  h a d  converged  to  a nea r ly  correct  so lu t ion  
despi te  t he  u n s a t i s f a c t o r y  in t e r - l aye r  scaling. The  
la rges t  effect  was in  t he  t e m p e r a t u r e  factors,  wh ich  
were reduced  b y  up  to 0.5 /1~2. A n o t h e r  leas t - squares  
cycle gave  coord ina te  and  t e m p e r a t u r e  fac tor  shi f ts  
which  were less t h a n  a qua r t e r  of t he  e s t i m a t e d  
s t a n d a r d  devia t ions ,  a n d  the  r e f inemen t  was discon- 
t inued .  

The  h y d r o g e n  a t o m  sca t t e r ing  was inc luded  w i t h  
t he  use of an  I B M  7070 p r o g r a m  of Shapi ro  (1962), 
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C-H distances of 1.09 /~ and H - C - H  angles of 107 ° 
being assumed. The agreement  for the  low-order 
reflections improved considerably, but  the  overall  
R value remained unchanged a t  0-18 for the  observed 
reflections only, and  R = 0 . 2 0 ,  including the  un- 
observed reflections. 

Al though long chain compounds of this type  
generally show significant thermal  anlsotropy,  the 
re la t ively  poor qual i ty  and quan t i ty  of the  diffraction 
da ta  available from these crystals did not  just i fy 
fur ther  refinement.  The final observed and calculated 
s tructure factors are given in Table 2.* The final 
a tomic coordinates and individual  isotropic tem- 
pera ture  factors, along with their  es t imated s tandard  
deviations,  are given in Table 3(a) and (b). The 
in t ramoleeular  distances and angles are given in 
Tables 4 and 5, and  the  intermolecular  distances 
less t h a n  4-5 A in Table 6. The carbon atoms are 
numbered  consecutively from the  carboxyl,  the  
carboxyl  oxygen is 0(3), and the  perhydroxy  group 
is C(1)-O(2)-O(1)-H(1). The methylene  hydrogen 
atoms are numbered according to the carbon atoms 
to which they  are a t tached.  

D i s c u s s i o n  of t h e  s t r u c t u r e  

The ar rangement  of the  molecules is shown in Figs. 
2 and 3. The direction of the  chain axis is approx- 
imate ly  [102]. The chain packing can be referred to 
the same orthorhombic O'[[ subcell with /)2122 
symmetry as found in oleic acid by Abrahamsson 
& Ryderstedt-Nahringbauer (1962) and shown in 
Fig. 6 of that paper. The subcell dimensions are 

-C 

/ % %  , 
C 

Fig. 2. Structure of peroxypelargonic acid. 
View of molecules down [b]. 

* Table 2 is not reproduced here but has been deposited 
as Document number 7965 with the ADI Auxiliary Publica- 
tions Project, Photoduplication Service, Library of Congress, 
Washington 25, D.C., U.S.A. A copy may be secured by 
citing the Document number and remitting $2.50 for photo- 
prints, or $1.75 for 35 mm microfilm. Advance payment is 
required. Make check or money order payable to: Chief, 
Photoduplication Service, Library of Congress. 

b 

"b 

g/2 

Fig. 3. Structure of peroxypelargonic acid. View down [c] 
of screw-axis related molecules (molecules related by the 
glide plane have been omitted). 

Table 4. Bond lengths and angles and their 
estimated standard deviations 

Atom pair Bond length a 

O(1)-O(2) 1.442/l~ 0.012 A 
O(2)-C(1) 1.348 0.015 
O(3)-C(1) 1.231 0.015 
C(1)-C(2) 1.494 0"018 
C(2)-C(3) 1.536 0-018 
C(3)-C(4) 1.552 0.018 
C(4)-C(5) 1.536 0.020 
C(5)-C(6) 1.557 0.020 
C(6)-C(7) 1.565 0.021 
C(7)-C(8) 1.560 0.022 
C(8)-C(9) 1.547 0.025 
O(1) . . .  O(3') 2.744 0.012 

Bond angles Angle (r 

O-O-C 112.0 ° 0.8 ° 
O-C=O 121-6 1.1 
O=C-C 128.2 1.1 
O-C-C 110.2 1.0 
C(1)-C(2)-C(3) 112-4 1.0 
C(2)-C(3)-C(4) 110.0 1.0 
C(3)-C(4)-C(5) 11].8 ].1 
C(4)-C(5)-C(6) 111-7 1-1 
C(5)-C(6)-C(7) 112.2 1.1 
C(6)-C(7)-C(8) 110.2 1.2 
C(7)-C(8)-C(9) 111.5 1-3 

Table 5. Other intramolecular distances less 

Atoms 
0(I) 0(3) 
0(I) C(1) 
0(2) 0(3) 
0(2) c(2) 
0(3) c(2) 
0(3) c(3) 
C(1) C(3) 

Distance 
2.55 A 
2.31 
2.25 
2.33 
2-45 
2.92 
2.52 

Atoms 
c(2)-, c(4) 
c(3)., c(5) 
c(4).,  c(6) 
c(5) • • c(7) 
c(6).,  c(8) 
C(7) • • C(9) 

than 3.0 A 

Distance 
2.53 h 
2.56 
2.56 
2-59 
2.56 
2-57 

as=8.17,  b8=4.80, c8--2.56 •. The cross-sectional 
area per chain is 19.6 j~9. and  the  volume per CH2 
group is 25.1 A 3. 

From C(3) to C(9), the carbon atoms are coplanar.  
The equat ion to this plane with reference to the  
crystallographic axes is 

0.774X-- 0.003 Y - 0.822Z -- 1.430. 

The max imum devia t ion from this plane is 0.02 /~. 
Wi th in  experimental  error, this plane is perpendicular  

A C 1 8 -  30 
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Table 6. Intermolecular distances less than 4-5 A 
The column headings indicate the symmetry relationship 

between the atoms 

Atom 
pair 

O(1)-O(1) 
O(1)-O(2) 
o(1)-o(3) 
O(1)-C(1) 
O(1)-C(2) 
O(1)-C(3) 
0(2)-0(2) 
0(2)-0(3) 
O(2)-C(1) 
O(2)-C(2) 
o(3)-c(1) 
o(3)-c(2) 
0(3)-0(3) 
o(3)-c(4) 
c(1)-c(1) 
c(1)-c(2) 
c(1)-c(3) 
c(1)-c(4) 
c(2)-c(3) 
c(2)-c(4) 
c(2)-c(5) 
c(3)-c(4) 
c(3)-c(5) 
c(3)-c(6) 
c(4)-c(5) 
c(4)-c(6) 
c(4)-c(7) 
C(5)-C(6) 
C(5)-C(7) 
C(5)-C(8) 
C(6)-C(7) 
C(6)-C(8) 
C(6)-C(9) 
C(7)-C(8) 
C(7)-C(9) 
C(8)-C(9) 
C(9)-C(9) 

Transla- 
tion 

(on b) 

4"31 

3"52 
4"37 

3"82 
3"45 

4"25 

4-09 

4-14 

4"14 

4"13 

4"14 

4"07 

4"18 

Distance (A) 

Center 
of 

symmetry Screw axis Glide plane 
3.67 2.88 
3.06, 3.99 2.86, 3.84 4.08 
3.46 2-74 
3.02 3.56, 3.67 
3.29, 3"99 4.26 4-23 
3.57 4.12 
3.07, 3.08 3.68 
3.38 4.32 
3.26, 4.04 
3"90, 4.09 4.37 
4.24 

2"92 

3"93 

4-28 
4"27 

3"65 
3"96, 3"99 
3"68 

4-02 
4.05 
3.95 
4-37 
4.04 
4.20 
4.23 
4-19 
4-14 
4.26 
3.99 
4.19 
4.28 
4.27 
4-19 
4.28 
3.99 
4-14 
4.26 
4.17 
4.22 

,,,, 
'~:, 

plane of 
main chain 

/ /  
s 

Fig. 4. Stereochemistry of peroxyacid group in peroxypelar- 
genie acid. Viewed along the direction of the aliphatic chain. 

to (010), and makes an angle of 58 ° with (100), which 
is the plane of the crystal flakes. At  C(3), the chain 
twists;  the C(3)-C(2) and C(2)-C(1) bonds make  
angles of 4 ° and 8 ° respectively with the plane of the 
main  chain in opposite directions. The O - - C - O  
plane is 34 ° to the C(3) to C(9) plane. This stereo- 
chemist ry  is i l lustrated in Fig. 4. 

The C-C distances from C(2) to C(9) range from 
1.54 to 1-57 /~, and the variat ions from the mean  of 
1.55 A are not  significant. The C-C-C angles va ry  
from 110.0 ° to 112-4 ° and the variat ions from the  
mean  of 111.1 ° are not  significant. The C(1) to C(2) 
bond is 1.49/~, in agreement  with the expected value 
for an spS-sp 9 bond. The stereochemistry of the  
peroxycarboxylie  acid group is shown in Fig. 5. 
I t  is coplanar wi thin  the accuracy of the analysis  
and 0(1), 0(3) are cis with respect to the bond 
0(1)-0(2) .  The greatest  deviat ion from the best plane 
through C(1), O(1), 0(2), 0(3) is 0.03 A. This is 
consistent with the C(1)-0(2) bond length, which is 
less t han  tha t  of a single-bond, and  corresponds to 
the same degree of double-bond character  as found in 
the normal  carboxylic acids. The 0 - 0  distance of 
1.44 J( is not significantly different from tha t  of 1.49 A 
found in the crystal  structure of hydrogen peroxide, 
(Abrahams, Collins & Lipscomb, 1951) and 1.47 _+ 0.02 
and  1.49 _+ 0.01 J~ in the gas molecules, as observed 
by  electron diffraction (Gigu~re & Schomaker, 1943) 
and  by  infrared spectra (Bain & Gigu~re, 1955) 
respectively. The accuracy of these bond length 
measurements  is insufficient to reveal any  weakening 
of the peroxy linkage due to intramolecular  hydrogen 
bonding such as is suggested by  Swain, Silbert & 
Miller (1964) on the basis of their  recent thermo- 
chemical measurements.  

128.2" ///~203~ 
110.2" ~\ 

'~.35 
\112"0" 

Fig. 5. Bond ellstances and angles in the peroxyaeid group in 
peroxypelargonic acid. 

The molecules are hydrogen-bonded in infinite 
spirals about  the screw axes. The intermoleeular  
0 ( 1 ) . . .  0(3')  distance between screw-related mole- 
cules is 2.74 ~_ and makes an angle of 120 ° with 
0(1)-0(2) .  The dihedral  angle between the planes 
containing the atoms C(1)0(2)0(1) and 0(2)0(1)0(3 ' )  
is 133 ° . This is approximate ly  the dihedral  angle of 
the perhydroxy  group, if i t  is assumed tha t  the 
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hydrogen atom is not far removed from the line of 
the hydrogen-bonded oxygen atoms, 0(1) and 0(3'), 
(cf. Sax, Beurskens & Chu, 1965). This angle is 
considerably greater than the 91 ° observed in He0z 
by neutron diffraction (Busing & Levy, 1958), but 
close to that  of 130 ° in Hg02.2H20 (01ovsson & 
Templeton, 1960). Because of this dihedral angle, 
the peroxycarboxylic acid molecules have a definite 
sense and in this structure there are adjacent hydrogen- 
bonded spirals of left and right handed molecules, 
which are related by the centers of symmetry, (cf. 
Jeffrey, McMullan & Sax, 1964). 

The intramolecular 0(1) • • • 0(3) distance is 2.55 A, 
and is at an angle of 60 ° to the 0(2)-0(1) bond. 
This non-bonding distance could be increased by 
rotation of 0(1) about the O(2)-C(1) bond. The 
coplanarity of the peroxy-acid group suggests that  
the van der Waals repulsion energy of the two oxygen 
atoms along 0 ( 1 ) . . .  0(3) is small compared with 
that  required for rotation about the C(1)-0(2) partial 
double bond. Any proton interaction in this direction 
can be excluded, since it is almost diametrically on 
the opposite side of 0(1) to the intermolecular 
hydrogen bond. On the basis of thermochemical data, 
Swain, Silbert & Miller (1964) have postulated the 
formation of intramolecular hydrogen bonding in the 
peroxy fa t ty  acids in the liquid phase and, further- 
more, that  this bonding may weaken the 0 - 0  bond. 
Inter- and intramolecular hydrogen bonding will be 
mutually incompatible in most molecular arrange- 
ments and it is not surprising that  the sterically more 
favored intermolecular bonding takes precedence in 
the condensed phase. We have observed no evidence 
of a second crystalline phase of peroxypelargonic, 
and, unlike the normal aliphatic acid, the formation 
of hydrogen-bonded dimers is not a particularly likely 
configuration. Thus on melting or dissolution in a 
non-polar solvent, the hydrogen-bonded spiral chains 
will disrupt into shorter chains and single molecules 
with no particular concentration of dimers, and 
according to the dipole moment and thermochemical 
evidence cited above, the hydrogen bonding will 
correspondingly change from inter- to intramoleeular. 
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U.S. Dept. of Agriculture for their cooperation in 
providing suitable crystals and discussion of the 
results. 
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