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Crystal Structure of Dimethylfulvene* 

BY NICOLAI NORMAN," AND BEN POST 

Polytechnic Institute of Broo/clyn, Brooklyn, N.Y. ,  U.S.A.  

(Received 24 March 1960 and in revised form 17 May 1960) 

The crystal structure of dimethylfulvene has been determined at - 5 0  °C. The crystal system is 
monoclinic; the space group is C2/c, with four molecules per unit cell; 

a=12.07,  b=8.36, c=7.27 A, f l = l l l . 5  °. 

Molecular parameters have been determined by Fourier and least-squares refinements of 3 dimen- 
sional data. 

The five membered ring is coplanar; the methyl carbon atoms are only 0-035 A out of that  plane. 
The two double bonds in the ring are 1.346 A long; the double bond outside the ring is 1.343 A 
long; single bonds in the ring are 1.439 and 1.435/~ long; the single C-C bonds to the methyl groups 
are 1.520/~ long. The average standard deviation of bond lengths is 0.011 A. 

An interesting system of conjugated single and double 
bonds is present  in the dimethylfulvene molecule, 

H ~  C C j H  

- \ c /  - 

II /c\ 
CH a CH:, 

This investigation was under taken  pr imar i ly  to deter- 
mine the effect of the conjugation on the relative 
lengths of the single and double carbon to carbon 
bonds. 

Experimental 

Dimethylfulvene melts  at  1.4 °C. (Craig, 1954). X- ray  
diffract ion measurements  were made  at  -50___ 5 °C. 
Single crystals were grown, oriented and maintained 
a t  this t empera ture  using s t andard  techniques (Post, 
Schwartz  & Fankuchen,  1951). Crystals  were grown 
in thin-walled glass capil lary tubes (0.3 ram. i.d.). 
They invar iably  grew along what  was la ter  designated 
as the c axis of the unit  cell. The crystal  system is 
monoclinic" 

a - -  12.07 ± 0.03, b -- 8.36 ± 0.02, c = 7.27 ± 0.02/~." 

~ =  1 1 1 . 5  + 0 . 5  o . 

Unit-cell dimensions were computed from single 
crystal  photographs  t aken  with a precession camera 
whose camera constant  had  been cal ibrated using 
sodium chloride as a s tandard.  There are four mole- 
cules in the unit  cell. 

Twinning of the crystals,  with the bc face common 

* Work supported in part by the Office of Naval Research. 
Present address : Central Inst. Industrial Res., Blindern, 

Norway. 

to both twins, was of f requent  occurrence. The 
twinning was detected on (hO1) precession and on (h/C0} 
Weissenberg photographs.  The na ture  of the twinning 
became clearer as details of the crystal  s t ructure  
were uncovered. The molecule is essentially flat,  with 
its molecular axis parallel  to b. The normal  to the 
molecular plane is inclined about  8 ° to c. Rota t ion  of 
molecules by 16 ° about  b would lead to the type  of 
twinning observed. 

Crystals suitable for X- ray  diffraction s tudy  could 
be obtained only af ter  careful vacuum distil lation of 
the s tar t ing material .  Full da t a  in three dimensions 
were obtained from the following photographs :  

Precession: hO1, hll, Okl (Mo K radiat ion).  
Weissenberg:  h/c0 through h/c5 (Cu K radiat ion).  
Altogether  453 independent  reflections were used in 

the analysis,  including 51 unobserved reflections which 
were included at  half  the appropr ia te  minimum 
observable values. 

Intensi t ies  were es t imated visually, using calibrated 
intensi ty  strips. The usual Lorentz and polarization 
corrections were applied. Absorpt ion corrections were 
considered unnecessary.  

Systemat ic  absences indicated tha t  the space group 
is either Cc or C2/c. In  C2/c, symmet ry  axes of the  
four molecules must  coincide with the four twofold 
axes of the unit  cell. A Pa t te r son  (hO1) projection 
indicated t ha t  the  molecule was approx imate ly  flat ,  
with its plane inclined about  98 ° to c, and with its 
molecular axis parallel to b, as required by  C2/c. The 
choice of C2/c as the  more probable space group was 
s t rengthened by a chance comparison of (hOl) preces- 
sion photographs  of dimethylfulvene and ethylene 
carbonate.  The intensi ty  distr ibutions in the  two 
photographs  are s tr ikingly similar. The space group of 
ethylene carbonate  is C2/c (Brown, 1954). The projec- 
tion of t ha t  molecule down its axis would be expected 
to resemble great ly  the  corresponding projection of 



504 C R Y S T A L  S T R U C T U R E  O F  D I M E T H Y L F U L V E N E  

dimethylfulvene. The similarity between the two 
photographs indicated the liklihood of similar molec- 
ular packing in the two cases. Our choice of C2/c was, 
of course, confirmed during the course of the structure 
analysis. 

S t r u c t u r e  d e t e r m i n a t i o n  

If  the  space group is a c t u a l l y  C2/c, and  if the  shape  
and  size of the  d i m e t h y l f u l v e n e  molecule,  as well as 
i ts  a p p r o x i m a t e  inc l ina t ion  re la t ive  to  the  c axis,  
are assumed,  the  d e t e r m i n a t i o n  of the  s t ruc tu re  is 
reduced to  a one p a r a m e t e r  p rob lem:  the  de te rmina -  
t ion  of the  y pos i t iona l  coord ina te  of an  a tom in one 
of the  four  fold posi t ions  (4e) of C2/c. (This posi t ion 
is referred to below as y0.) 

As a f i rs t  a p p r o x i m a t i o n  the  molecule  was a s sumed  
to be per fec t ly  f la t  w i th  single a n d  double  bond  l eng ths  
of 1.47 a n d  1.37 .~ respect ive ly .  A p p r o x i m a t e  va lues  
of yo were deduced in  two ways.  The  f i rs t  m e t h o d  was 
based on the  ana lys i s  of the  P a t t e r s o n  (OV½) sect ion;  
it  y ie lded  a va lue  of y0=0.138 .  The  second procedure  
invo lved  c o m p a r i n g  the  in tense  (021) a n d  (111) re- 
f lect ions wi th  the  sti l l  more in tense  (002) reflect ion.  
The  ra t io  Fo(OO2)/Fo(021) is 2.0. T h a t  ra t io  was 
c o m p u t e d  for d i f ferent  va lues  of y0; the  m i n i m u m  
ca lcu la ted  va lue  of t h a t  ra t io  was 2.4 for y0=0"093 
and  0.157. In  this  calculat ion,  and  in the  one out- 
l ined below, i t  was as sumed  t h a t  the  (002) ref lect ion 
received full  con t r ibu t ions  from all the  carbon a t o m s :  
the  P a t t e r s o n  (hO1) projec t ion  had  ind ica ted  t h a t  th is  
was a p p r o x i m a t e l y  correct.  

The  twofold  a m b i g u i t y  in  y0 resul t s  f rom the  even  
charac te r  of the  k index  in (021). The a m b i g u i t y  was 
e l imina ted  by  a s imi lar  ca lcu la t ion  of the  ra t io  
F (002) /F ( l11) .  The  observed ra t io  is 2.2 and  the  
ca lcula ted  va lue  was 2.1 for y0=0 .157  and  3"9 for 

y 0 = - 0 . 0 9 3 .  I t  was clear t h a t  0-157 was the  be t t e r  
choice of the  two based on i ts  ag reemen t  wi th  t he  va lue  
(0.138) deduced  from the  P a t t e r s o n  (OV½) section.  
y0 = 0.138 was used as the  s t a r t i ng  po in t  for subsequen t  
calculat ions .  In t ens i t i e s  were f i rs t  normal ized  us ing 
Wi l son ' s  me thod ,  which  also y ie lded  a va lue  of B =  
3.46 _~ for the  t e m p e r a t u r e  factor .  

The  fol lowing e lec t ron d e n s i t y  maps  were c o m p u t e d  
and  ref ined in the  usual  w a y :  pro jec t ion  down the  
c axis ;  a b o u n d e d  pro jec t ion  f rom 0 to  ½ down the  
c axis ;  and,  a l ine syn thes i s  along (0, y, ¼). 

I n  addi t ion ,  the  half-cell  bounded  pro jec t ion  down 
the  c axis,  and  the  0, y, ¼ l ine synthes is ,  were com- 
p u t e d  using ca lcu la ted  s t ruc tu re  factors  and  pos i t iona l  
p a r a m e t e r s  der ived  from previous  e lect ron d e n s i t y  
calculat ions.  The z pa r ame te r s  of carbon a toms  3, 
4 a n d  5 were de t e rmined  from elect ron d e n s i t y  l ine 
syn theses ,  us ing  the  p rev ious ly  es tab l i shed  x and  y 
p a r a m e t e r s  of the  a toms.  Pos i t iona l  p a r a m e t e r s  of 
a toms  c o m p u t e d  from these  syn theses  are sho~m in 
Table  1. 

A s l igh t  i m p r o v e m e n t  in R resu l ted  f rom the  
app l ica t ion  of back  shif t  correct ions to the  pos i t iona l  
p a r a m e t e r s ;  for observed ref lect ions only,  R(hkz) de- 
creased from 28.1 to  26"7%,. W h e n  unobse rved  reflec- 
t ions  were inc luded  in the  calculat ions ,  the  corre- 
sponding  values  of R were 30-8 and  30.1%. 

An effort  was t hen  made  to refine the  s t ruc tu re  1)y 
leas t -squares  ca lcula t ions  using the  IBM N Y X R I  
p rogram (Fr ied lander  et al., 1955). In  this  p rogram,  
ind iv idua l  isotropic  t e m p e r a t u r e  factors  are ass igned 
to  the  carbon  a toms  and  these  were ref ined t oge the r  
wi th  the  pos i t ional  pa r ame te r s  of the  a toms.  The  
t e m p e r a t u r e  fac tor  of the  h y d r o g e n  a toms  was f ixcd 
at  B = 4. Six cycles of r e f inement  led to the  posi t ional  
pa r ame te r s  l is ted in Table  I. R(h~l) fell to 22-4°,, in 

Table  1. Refinement of position, coordinates 

Atom 

A t A 2 A 3 A 4 B C 
~ ,. .-} Isotropic Fourier 
f o(x,y,z) az ~_ e(x,y,z) az o~(O,y, t9 O(XcYcZ) least calcs. 
0 "0 squares based on B 

C 1 y 0.1390 0.1368 0.1368 

C 2 y - -  - 0.0163 - 0-0165 

x 0.1012 0.1030 - -  
C 3 y 0.2410 0.2410 - -  

- -  0.1397 0.1400 

- -  -- 0"0203 -- 0.01983 

- -  0-1020 0-1017 
- -  0.2461 0.2452 

0"2883 0'2883 0'2882 

x 0.0655 0.0660 
C 4 y 0-3950 0.4003 

Z - -  - -  

x 0.1122 0.1122 
C~ y --0-1238 -- 0.1187 

Z - -  - -  

i 

- -  0.0648 0.0650 
- -  0.3966 0.3970 

0.2756 0.2756 0.2752 

- -  0.1096 0.1112 
- -  -- 0"1170 -- 0.1218 

0"2962 0"2960 0"2962 

H 3  

H4 

D 
Anisotropic least squares 

Cycle 15 Cycle 16 

0.14163 0.14153+ 0.00089 

-0-01923 -0-01923+0-00102 

0-10141 0-10142 -+ 0-00053 
0.24477 0.24475 -+ 0.00082 
0.28769 0.2877~ __+ 0.00106 

0.06327 0-06319-+ 0.00067 
0.39714 0-39714 -4- 0-00074 
0-27393 0.27387 -+ 0.00115 

0.11228 0-11205 + 0.00064 
-0.11918 -0-11933+_0-00081 

0.29601 0-29585 + 0-001 I0 

I x 0.196 -+0.004 
/ y 0-219 +0-006 

0.314 -+0-009 

I x 0 . 1 1 8  -+0.006 
• y 0.505 -+0.010 

z 0.300 + 0-009 
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the course of these calculations (all reflections, in- 
cluding 'unobserved', were used). I t  was felt that  
improvement in the agreement between Fo and F~ 
and, more important, in the molecular parameters 
should result from additional least-squares refinements 
using anisotropic temperature factors for individual 
atoms. Such calculations have been carried out for us 
by Prof. W. N. Lipscomb and his staff. The com- 
puting program has been described elsewhere (Ross- 
mann et al., 1959). 

In this program the function minimized is E =  
-F~)  , where w is the weighting factor applied 

to the scaled Fo and k is the scale factor, w was taken 
as 1 for Fo<_4Fmin. and as (4Fmin./Fo) 4 for IFo] >_ 4Fmin.. 
For these calculations Fmi~. was assumed to equal 4. 
The usefulness of the weighting scheme was demon- 
strated by computed four unweighted least-squares 
cycles. The calculated standard deviation of the 
parameters was approximately three times as large 
as the standard deviations computed on the basis of 
four weighted least-squares cycles. 

Sixteen cycles of least-square refinements (weighted) 
were computed, although only minor changes in 
atomic coordinates and in R occurred after the sixth 
cycle. Between the sixth and final cycles, R fell from 
16.8% to a final value of 15.2% for all 453 reflections 
(including unobserved). 

. . . . . .  - , . ,  _ . . "  . . . . .  ,.. 

\ )!.. 

. . ~  
. z /  . .-- -. 

b-~ - 

Fig. 1. Electron-density section in molecular plane. 

This value still seemed rather high. It  was at- 
tributed, in part, to two factors. First, it had been 
observed early in the refinement that  the methyl 
hydrogen atoms were acquiring extremely high tem- 
perature factors (up to B--30). I t  was felt that  these 
hydrogen atoms might be disordered and they were 
therefore omitted from subsequent calculations with, 
presumably, adverse effects on R. Much more im- 
portant was the effect of extinction. Four (hO1) re- 
flections, (200), (002), (202) and (202) clearly suffered 
strongly from this cause. Their omission from the 
calculations caused R to decrease to 12.5% (including 

unobserved reflections). I t  was not considered worth- 
while to t ry to correct other reflections systematically 
for extinction. The weighting scheme used made it 
unlikely that  the application of the indicated changes 
in the magnitudes of these F 's  would affect atomic 
coordinates appreciably. Positional parameters com- 
puted in the 15th and 16th least-squares refinement 
cycles are also shown in Table 1. Changes in positional 
coordinates of carbon atoms, except for carbon 5, 
were gratifyingly small. The average change in the 

o 

C~, .  1 "435  A 8 C4  

C5 ~ ~ c5 

C~ C5 

Fig. 2. Bond lengths and angles in dimethylfulvene. 

positional coordinates of carbon atoms 1, 2, 3 and 4 
between the 15th and 16th cycles was 0-00034 _~. I t  
was considerably higher in the case of C~ where the 
average change was 0.0018 •. 

Electron density sections, based on signs of co- 
efficients determined in the least-squares calculations, 
were computed at intervals of Z/40. A map of the 
electron density in the 'best' plane through the mole- 
cule, is shown in Fig. 1. A schematic diagram of the 
molecule, listing bond lengths and angles, is shown in 
Fig. 2. 

D i s c u s s i o n  

The progress of the refinement of the molecular 
parameters is shown in Tables 1 and 2. The best plane 
through carbon atoms 1, 2, 3, 3', 4 and 4' passes within 
0-002 /~ of all these atoms. The five membered ring 
and the attached double bond are therefore coplanar, 
within experimental error. Atom C5 is 0.035 A out of 
the plane of the other atoms. In view of the con- 
sistently high positional uncertainty associated with 
this atom, this is of doubtful physical significance; 
in any event, the deviation of this atom from the best 
plane of the others, even if real, is very small and we 
may describe the entire molecule, except for the methyl 
hydrogen atoms, as essentially planar. 

Temperature factors computed for the carbon atoms 
and the two hydrogen atoms on the five membered 
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Table  2. Bond lengths and angles 

A B C D 
C~-C 2 1.344/~ 1-343 .~ 1.343 A 1.343 -+ 0-011 A 
C1-C a 1.445 1-460 1"457 1.439 ___ 0.008 
Ca-C 4 1-326 1-340 1-343 1.346 -+ 0.010 
C4-C ~ 1.478 1.476 1.482 1.435 -+ 0.016 
C2-C 5 1-534 1.49 1.529 1.520-+ 0.009 

C3-C~-C 3 104-9 ° 104.4 ° 105.4 ° 106.2 -+ 0.6 ° 
C1-Ca-C ¢ 109.8 109.3 109.2 107.9 +_ 0.5 
Ca-Ca-C ~ 107.8 108.5 108-1 108.9 _+ 0.6 
Ch-C=-C ~ 112-9 113.1 111-9 114-0_+0.6 

A : Original Fourier results. 
B: Results of 'isotropie' least squares refinement. 
C: Fourier results based on signs determined in B. 
D: l~esults of 'anisotropic' least squares refinement. 

r ing  are shown in Table  3 toge the r  wi th  the  ' equ iva l en t  
isotropic  t e m p e r a t u r e  fac tor '  for each a tom c o m p u t e d  
b y  the  a p p r o x i m a t e  m e t h o d  ou t l ined  by  R o s s m a n n  
et al. (1959). The  la rges t  molecular  osci l la t ions  involve  
mot ions  pe rpend icu la r  to the  b axis ;  i.e., osci l la t ions 
abou t  an  axis  para l le l  to c, pass ing t h r o u g h  the  center  
of the  molecule,  and  abou t  a n o t h e r  axis in the  direc- 
t ion  no rma l  to the  molecular  plane.  The  larges t  t h e r m a l  
mot ions  are associa ted  wi th  the  pe r iphera l  a toms,  
Ca, Ca and  C5. I t  is doub t fu l  whe the r  a n y  phys ica l  
s ignif icance m a y  be a t t a c h e d  to the  t e m p e r a t u r e  
factors  c o m p u t e d  for the  two h y d r o g e n  a toms  and,  
in par t i cu la r ,  to the  ind ica t ed  differences be tween  
the  two.  

We have  men t ioned  the  a p p a r e n t  ' r o t a t ion '  of the  
m e t h y l  hydrogens .  This  was ind ica ted  b y  the  develop- 
m e n t  of e x t r e m e l y  large t e m p e r a t u r e  factors  in the  
course of the  leas t - squares  re f inement .  However ,  
ca lcula t ions  of e lec t ron d e n s i t y  difference maps  
(hydrogen  a toms  were o m i t t e d  from the  calculat ions)  
revealed  the  presence of d i s t inc t  e lec t ron dens i ty  
peaks,  be tween  ½ and  ~ e./~ -8 a t  the  fol lowing loca- 
t ions : 

x y z 
l) 0.113 -0.212 0.450 
2) 0.100 0.210 0.150 
3) 0.181 -0.065 0.350 

These pos i t ions  correspond sa t i s fac tor i ly  wi th  the  
expec ted  posi t ions  of the  m e t h y l  h y d r o g e n  a toms.  
I t  is fel t  t h a t  no ' ro t a t ion '  of h y d r o g e n  a toms  occurs 
in th i s  molecule  and  t h a t  the  behav ior  of the  h y d r o g e n  
t e m p e r a t u r e  factors  was a c o m p u t a t i o n a l  a r t i f ac t  
r a the r  t h a n  a real  occurrence.  

The  single bonds in the  r ing  are abou t  0.1 /~ shor te r  

t h a n  no rma l  single C-C bonds ;  the  double  bonds  are 
abou t  0.015 A longer  t h a n  the  1-33 J~ usua l ly  a t t r i -  
bu ted  to C - - C  double  bonds  but ,  in view of t he  
calcula ted ave rage  s t a n d a r d  dev ia t ion  of 0.011 J~ for 
the  C-C bonds,  these  a p p a r e n t  increases are of doub t fu l  
significance.  

Tab le  4. Shortest intermolecular distances 

From To d 

c~ c~ 4.o3 a_ 
C ° C g 4.00 

3.72 
c o c~ 4-02 

3-72 
c;' c~ 3.77 

3.80 
C ° C c 4.11 

5 4 

C ° c 5 Cs 3-89 
Ca Ca 3.78 

c}' refers to ith carbon atom on reference molecule. 
C~ refers to ith ca,'bon on a glide related molecule. 
C c refers to ith carbon on 'C' centered molecule. 

I n t e rmo lecu l a r  d is tances  are no rma l ;  no anomal -  
ously  shor t  i n t e rmolecu la r  con tac t s  are present .  The  
shor tes t  in te rmolecu la r  contac ts  are l is ted in Tab le  4. 
Calcula ted  and  'observed '  s t ruc tu re  factors  are l is ted 
in Table  5.* 

I t  is in te res t ing  to note  t h a t  the  f inal  an iso t ropic  
leas t -squares  r e f inemen t  y ie lded  not  only  the  expec ted  
i m p r o v e m e n t  be tween Fo and  Fc bu t  also resu l ted  in 
s ign i f icant  changes  in molecular  bond  l eng ths  f rom 
those  c o m p u t e d  by  o ther  methods .  These  are shown 
in Table  2. Changes  in the  double  bond  l eng ths  are 
small ,  but  the  single bond lengths  are s ign i f i can t ly  
shor te r  t h a n  those  compu ted  in t he  course of the  
Four ie r  and  isotropic leas t -squares  re f inements .  I t  is 
ev iden t  t h a t  serious errors m a y  resu l t  f rom fa i lure  to  
consider an iso t ropic  t h e r m a l  behav io r  of ind iv idua l  
a toms  in molecules  of th is  tupe .  

We  wish to t h a n k  Prof.  E.  I .  Becker  of the  Poly-  
technic  I n s t i t u t e  of B r o o k l y n  for sugges t ing  the  prob-  
lem and  for fu rn i sh ing  specimens of d i m e t h y l f u l v e n e  
for s tudy .  One of us (N. N.) also t h a n k s  the  N a t i o n a l  

* Table 5 has been deposited with the American Docu- 
mentary Institute, Auxiliary Publications Project, c/o Library 
of Congress, Washington 25, D. C. 

Table  3. Atomic temperature factors 

Bhh Bkk Bu Bhk Bkz Blh 
C I 3-30--+0"30 3"92--+0"36 4"33-+0"37 - -  - -  1.10+0-27 
C 2 5"01-+0"32 4"53_+0"33 3"66-+0"36 - -  - -  4-14-+ 0"65 
C s 4-75-+0-23 5-65-+0.28 6.30-+0.35 -1.06-+0"24 -0.13+_0-27 1-63-+0"20 
C 4 8"76-+0"35 4"34-+0"26 7"58-+0"40 --1"36-+0"26 -0.06-+0"30 2"16+0"31 
C 5 7-60-+0"33 5-54-+0.27 6.81-+0"33 2-98___0.27 1-92___0"56 2.26_+0-25 
H s  
H~ 

'Equivalent 
isotropic' B 

4.2 
4.4 
6-2 
7-2 
6-9 
8.0 
4-0 
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Academy of Sciences of the  Uni ted  States and the 
In t e rna t iona l  Cooperation Adminis t ra t ion  for f inancial  
assistance to help complete this invest igat ion.  

R e f e r e n c e s  

BROWN, C. J. (1954). Acta Cryst. 7, 92. 

C~.~o, D. et al. (1954). J. Amer. Chem. Soc. 76, 4573. 
FRrEDLAND~.R, P. H., LOVE, W. & SAYRE, D. (1955). 

Acta Cryst. 8, 732. 
POST, B., SCHWARTZ, R. S. & FA~KUCH~.~, I. (1951). Rev. 

Sci. Instrum. 22, 218. 
ROSSMANN, M. O., JACOBSON, R. A., HIRSHFELD, F. L. 

& LIPSCOMB, W. N. (1959). Acta Cryst. 12, 530. 

Acta Cryst. (1961). 14, 507 

Ref inement  of the Structure  of n - N o n a n o i c  Acid Hydrazide* 

BY L. H. JE~sv,~ t A~D E. C. L1-NGAFELTER 

Departments of Anatomy and Chemistry, University of Washington, Seattle 5, Washington, U .S .A .  

(Received 21 March 1960) 

The crystal structure of n-nonanoic acid hydrazide has been refined by three-dimensional AF 
syntheses. The structure consists of molecular ribbons laced together by N - H  • • • O and N-H • • • N 
bonds. These ribbons laid face-t0-face make up 'molecular double layers' similar to those occurring 
in many other long-chain structures. 

Within the limit of experimental error, the paraffin chain is planar except for a small deviation 
at the methyl C atom, and the C-C bonds are equal except for that  adjacent to the carbonyl group. 
The average C-C bond length when corrected for angular oscillation is 1.526/~. Although the max- 
imum corrections in the bond lengths due to angular oscillation of the molecule as a whole are small, 
it is shown that  similar corrections due to oscillation of an atom about another to which it is bonded 
may be relatively large. Thus the correction to the C-O bond is + 0.014 A or three times its standard 
deviation. 

I t  has been shown tha t  the melt ing points of monoacyl  
derivat ives of hydraz ine  with 4-12 carbon atoms fall 
on a single smooth curve when plo t ted  against  the 
number  of carbon a toms (Kyame, Fisher  & Bickford, 
1947). This implies t ha t  the  compounds with even or 
odd numbers  of carbon a toms in the  chain have ei ther 
the same structure  or different s tructures with similar 
lat t ice energies and var ia t ion  of lat t ice energies with 
number  of carbon atoms. 

The length of the C-C single bonds in organic 
molecules is usual ly t aken  to be equal to t h a t  in 
diamond,  1.5445 A, a l though unt i l  recent ly  this has 
not  been subject  to exper imenta l  verif icat ion with any  
degree of precision. Fur thermore ,  the  C-C bonds in 
hexamethylene  diamine indicate  a possible a l te rna t ion  
in length (Binnie & Robertson,  1950). 

Final ly ,  certain paraff in chain compounds are good 
models of biological membrane  systems and thei r  
s tructures shed l ight  on possible chain configurat ion 
and packing in such systems. 

For  these reasons, the  structures of two monoacyl  
hydrazides have been determined,  one with an even 
number  (Jensen, 1956), the  other  with an odd number  
of C atoms in the  chain. This is to report  the s t ructure  
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Fig. 1. Structural  formula for n-nonanoie acid hydrazide. 
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