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normale Stel lung zueinander  haben,  das heisst, wenn 
beim Kieferschluss die oberen Nagez~ihne die un te ren  
fibergreifen (Abb. 3, links). Mit den oberen Z~ihnen 
wird die Nahrung,  eine Rfibe zum Beispiel, festgehal- 
ten,  in der Hauptsache  mi t  den un te ren  wird das 
Nagen besorgt. Bleibt  n u n  der Oberkiefer im Waehs-  
t u m  zurfick, so greifen die Nagez~thne schliesslich n ieht  
mehr i~bereinander, sondern stossen aufeinander .  Dies 
beeintr~ichtigt bereits  die F u n k t i o n  der Z~ihne, sie 
nu t zen  sich n icht  mehr  keilf6rmig ab, sondern flach 
(Abb. 3; Mitte). Bei noch st/irkerer Verkfirzung des 
Oberkiefers kommen  die Nagez~ihne in  umgekehr te  
Stel lung als normal ,  die un t e r en  Inzis iven greifen 
jetzt  be im Kieferschluss fiber die oberen. Dami t  s ind die 
Zfihne ausser F u n k t i o n  gesetzt, vermSgen sich n icht  
mehr  abzunu tzen  und  werden fiberlang (Abb. 3 rechts). 
E i n e m  solchen Kan inchen  w~ichst innerha lb  verh~lt-  
nism~ssig kurzer  Zeit  das Maul regelrecht zu, es muss  
verhungern ,  wenn  es n icht  ktinstl ich mi t  Weichfu t te r  
ern~ihrt wird u n d  die Nagez/ihne immer  wieder abge- 
kniffen werden. So wirkt  sich hier die an  sich harmlos  

erscheinende Kieferanomalie  infolge der Besonderhei t  
der Nagez:ihne letal  aus. 

Fassen wir zusammen.  Das GengeJiige im Sys tem 
vone inander  en t fe rn t  s tehender Arten,  wie Mensch 

und  Kaninchen ,  ist verschieden. Viele Einzelgene haben 
aber auch diese S~iuger gemeinsam. Die Mutabilit~tt 
homologer Gene bewegt sich in den gleichen Bahnen  
und  fiihrt zu t ibere ins t immenden J~nderungen im Erb-  
bild. Ob im Erscheinungsbi ld  der I nd iv iduen  fiberein- 
s t immende  Anderungen  erzielt werden, h~ngt  yon dem 
Gengeftige der jeweiligen Arten  ab, yon  ihren art-,  
gat tungs- ,  familienspezifischen Merkmalen.  In  jedem 
Falle aber vermag uns  die vergleichende experimen-  
telle Methode durch den Modellversuch am Tier  fiir das 
Verst~indnis der mensehl ichen E r b M d e n  wichtige Er-  
kenntn isse  zu vermi t te ln .  

Summary 

The muta t ion  of homologous genes can produce the 
same changes in phenotype in different mammals,  ani- 
mals as well as human  beings. I n  this way the same 
hereditary disease can arise in man and animal.  This fact 
permits the s tudy of human  hereditary diseases in model 
experiments in animals under  conditions impossible to 
be realized in man.  How far the parallelism between 
human  beings and animals can be taken  and where the 
limits of this parallelism are, which are the problems of 
the comparat ive heredo-pathology in detail, and how 
these problems may be attacked, is demonstrated here 
in numerous examples. 
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Energy Content of Propellants and of Explosives 

With the advent  of jet  propulsion some new chemical 
problems have made their  appearance which have 
certain peculiar characteristics not  ordinarily considered. 
For instance, in order to estimate the value of a self- 
contained propellant  combinat ion incorporat ing both 
fuel and oxidizer it  is impor tan t  to know the energies 
qm and qv respectively which 1 g or 1 cm 3 of such a 
propellant can release. I t  is likewise impor tan t  to know 
the volume of gas generated per gram and per crn 3 of 
total  propellant as well as a certain average ratio y of 
the specific heats cp and c e at  cons tant  pressures and 
constant  volumes respectively of the reaction products 
through an adequate range of temperatures  1. All of 
these problems which are also of importance if one 
wishes to calculate the power of chemical explosives can 
be satisfactorily dealt with through a general morpho- 
logical analysis, which will be reported upon in another  
place. Vge here wish to call a t ten t ion  only to a few 

: F. ZW:CKV, J. Amer. Rocket Soc. 84, 8 (1951). 

factors which decisively influence the values qv, tha t  is 
the energies generated per uni t  volume of the originally 
solid and liquid propellants or explosives. 

Propellants and explosives with gaseous reaction pro- 
ducts. We first notice tha t  common explosives and 
propellants generate at  best energies q~ which are in the 
range 1-3 kcal/cm 3. This is in part icular  true for those 
reagent complexes which contain no other elements 
besides carbon, hydrogen, nitrogen and oxygen. In  Table I 
a few of these are listed, qm is the energy generated per 
gram while ~ is the average density of the explosive. 
Thus q, = ~ × qm is the energy released per cm ~ of the 
original combination.  

The reaction products in all of the cases listed are 
gaseous. This fact limits the values of q~ for two funda- 
menta l  reasons. First, in order to achieve all gaseous 
components  the original solid explosives may  first 
thought  to be subl imated and subsequent ly  reacted. The 
heats of subl imation are thus essentially lost. Secondly, 
gases such as H20, CO and CO~ dissociate relatively 
easily at  the elevated temperatures  resulting from an 
explosion and  the values of qv are thus further depressed. 
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Table I 

Propellant 

C(amorphous) + O 3 (liquid) . . . 
C(amorphous) + 203 (liquid) . . . 
2I-I,(liquid ) + 0~(Iiquid) 
C6H~N:~O ~ TNT 
CH3NO e Ni t romethane  
CTHsN50 s Tetryl  
C3HBN60 ~ R D X  
C3HsN309 Nitroglycerin . . 
C(CH2ONO,) 4 PETN 

q~ 
kcal/g 

2.08 
1.49 
3-60 
0.63 
1-06 
0.87 
1.22 
1.51 
1.40 

g/era a 

1.28 
1.71 
0.42 
1-65 
1.13 
1.73 
1.82 
1.59 
1.77 

q~ 
keal/em 3 

2.67 
2.60 
1.52 
1.04 
1.20 
1.51 
2.22 
2.40 
2.47 

I n  c o n s i d e r i n g  f luor ine ,  ch lor ine ,  a n d  o t h e r  ox id ize r s  
s im i l a r  c o n d i t i o n s  p reva i l .  One  m a y  t h e r e f o r e  s t a t e  
g e n e r a l l y  t h a t  if al l  r e a c t i o n  p r o d u c t s  of a c h e m i c a l  
c o m p o s i t i o n  are  gaseous  t h e  e n e r g y  q ,  r e l eased  pe r  c m  3 
of t h e  o r ig ina l  c o m p o s i t i o n  is less t h a n  a b o u t  3 k c a l / c m  3. 

Reagents which give rise to solid and liquid reaction 
products. F r o m  t h e  c o n s i d e r a t i o n s  g i v e n  a b o v e  i t  fol lows 
t h a t  h e a t s  of r e a c t i o n  supe r io r  to  3 kca l  pe r  c m  a of t h e  
o r ig ina l  r e a g e n t  c o m p o s i t i o n  can  o n l y  be  e x p e c t e d  if t he  
r e a c t i o n  p r o d u c t s  c o n t a i n  l iqu id  a n d  sol id  c o m p o n e n t s .  
I n  T a b l e  I I  a few e x a m p l e s  are  l i s t ed  w h i c h  b e a r  o u t  t h i s  
e x p e c t a t i o n .  

Table II 

Reagent Composition 

T i + C  = T iC  . . . . . . . . .  
Ca+  2Si = CaSi~ . . . . . . . .  
Fe2Oa+ 2AI = 2 Fe+A1208 . . . .  
8A1 + 3 KC104=3KCt+ 4At~O 3. . 
3PbOs+4Al  = 2AlzOa+Pb . . . 
4A1+3 HzO 2 = 2A1~O3+3 H 2. . . 

q~ 
kal]g 

1-83 
2-3 
0-85 
2-40 
0.68 
2-50 

g]c~3 I qv 
• ,, ] keal/tma 

3.66 6-70 
1-81 4.16 
4.75 4.03 
2.58 6.20 
7.1 4.85 
1.91 4.80 

I t  is t h u s  seen  t h a t  as soon  as for i n s t a n c e  c a r b o n  m 
t h e  so l id  s t a t e  is r e t a i n e d  in t h e  r e a c t i o n  p r o d u c t s  or  
a p p r o p r i a t e  sol ids  s u c h  as A1203 are  fo rmed ,  t h e  ene rg ies  
r e l ea sed  pe r  c m  3 of t h e  o r ig ina l  c o m p o s i t i o n s  can  be  
m a t e r i a l l y  g r e a t e r  t h a n  qv = 3 k c a l / c m  3 w h i c h  r o u g h l y  
r e p r e s e n t s  t h e  u p p e r  l i m i t  of w h a t  c an  be  a c h i e v e d  w i t h  
exp los ives  g iv ing  r ise to  gaseous  r e a c t i o n  p r o d u c t s  only .  

Pratical applications. A l t h o u g h  i t  is a n  a d v a n t a g e  in 
s o m e  cases  to  use p r o p e l l a n t s  for  r ocke t s  whose  e n e r g y  
c o n t e n t  p e r  u n i t  v o l u m e  r a t h e r  t h a n  pe r  g r a m  is as h i g h  
as  poss ib le ,  i t  is u s u a l l y  more  i m p o r t a n t  t h a t  in  a d d i t i o n  
to  s u f f i c i e n t l y  l a rge  v a l u e s  of  t h e  speci f ic  h e a t s  % a n d  c v 
p e r  g r a m  a n d  of  t h e i r  r a t io ,  t h e  e n e r g y  qra a v a i l a b l e  pe r  
g r a m  be  g rea t .  O n  t h e  o t h e r  h a n d ,  exp los ive  p o w e r  is 
i n t i m a t e l y  r e l a t e d  t o  g r e a t  e n e r g y  c o n t e n t  pe r  u n i t  v o l u m e .  
I n  a d d i t i o n  i t  is n a t u r a l l y  i m p e r a t i v e  t h a t  a n  exp los ive  
also g e n e r a t e  a t  l e a s t  a m o d e r a t e  a m o u n t  of gas  in  o r d e r  
t o  t r a n s f e r  t h e  e n e r g y  g e n e r a t e d  r a p i d l y  to  t h e  sur -  
r o u n d i n g  m e d i u m .  A c o m p o s i t i o n  s u c h  as  " t h e r m i t "  
s h o w n  in  t h e  t h i r d  r o w  of T a b l e  I I  is v e r y  i ne f f ec t i ve  as  
a n  exp los ive  in sp i t e  of i t s  e l e v a t e d  v a l u e  of ~/~. T h i s  
c o n s i d e r a t i o n  leads  to  t h e  fo l lowing  t w o  s u g g e s t i o n  s of 
h o w  one  is t o  p roceed .  

T h e  f i r s t  s u g g e s t i o n  is to  c o m b i n e  gas  g e n e r a t i n g  
exp los ive  c o m p o s i t i o n s  such  as t h e y  are  s h o w n  in T a b l e  I 

w i t h  c o m p o s i t i o n s  of t h e  t y p e  s h o w n  in T a b l e  I I ,  T h u s  
one  m a y  for i n s t a n c e  i m m e r s e  pe l le t s  or  g r a n u l e s  of t h e r -  
m i t  in n i t r o m e t h a n e ,  T N T  a n d  so on, a n d  exp lode  t h e  
m i x t u r e  w i t h  t h e  des i red  effects .  

T h e  s e c o n d  s u g g e s t i o n  is to  i n c o r p o r a t e  t h e  d e s i r a b l e  
e l e m e n t s  chemica l ly ,  r a t h e r  t h a n  p h y s i c a l l y  in  t h e  
o r ig ina l  exp los ives .  As a n  i l l u s t r a t i o n  t h e  fo l lowing  
r e a c t i o n  m a y  be  c o n s i d e r e d  : 

2 A1 (BH4)a + 6 02 (l iquid) = AI,  03 + 3 B203 + 12 H v 

He re  t h e  o x i d a t i o n  of a l u m i n u m  a n d  b o r o n  f u r n i s h e s  t h e  
des i r ed  h e a t  of  r e a c t i o n  whi le  t h e  r e l eased  h y d r o g e n  
p r o v i d e s  for  t h e  n e c e s s a r y  gas.  S ince  a l u m i n u m  b o r e -  
h y d r i d e  h a s  a h e a t  of f o r m a t i o n  w h i c h  is r o u g h l y  e q u a l  
t o  zero  we o b t a i n  1260 kca l  as t h e  t o t a l  h e a t  re leased  fo r  
t h e  a b o v e  c o m b i n a t i o n  in g r a m  moles .  

F r o m  t h i s  i t  fol lows t h a t  qm = 3-75 kca l  pe r  g r a m  of 
the  o r ig ina l  p r o p e l l a n t s ,  w h o s e  a v e r a g e  d e n s i t y  is 
Q = 1.08 g / c m  3. C o n s e q u e n t l y ,  qv = 4-07 k c a l / c m  3. The  
v o l u m e  of h y d r o g e n  g e n e r a t e d  is a b o u t  800 1 pe r  kg  of 
t h e  o r ig ina l  c h e m i c a l  c o m p o s i t i o n ,  a v o l u m e  w h i c h  is 
q u i t e  a d e q u a t e  w h e n  c o m p a r e d  w i t h  t h e  a m o u n t s  of 
gases  o b t a i n e d  f r o m  c o n v e n t i o n a l  exp los ives .  F o r  t h e  
c o m p o s i t i o n s  of T a b l e  I t h e  m a x i m u m  a m o u n t s  of gas 
g e n e r a t e d  r a n g e  f r o m  510 1/kg for  C + O2(liquid ) to  
a b o u t  i 1 0 0  1/kg for  n i t r o m e t h a n e  a n d  1240 1/kg for  t h e  
l iqu ids  of 2H 2 + 03, I n s t e a d  of l i qu id - l i qu id  p r o p e l l a n t s ,  
as in  t he  e x a m p l e ,  one  m a y  of course  also use sol id-sol id  
c o m p o s i t i o n s  s u c h  as 2 L i B H  4 + KC104. F r o m  t h e s e  
c o n s i d e r a t i o n s  i t  fo l lows t h a t  t h e  s i m p l e  a n d  t h e  c o m -  
b i n e d  h y d r i d e s  a n d  n i t r i d e s  of s u c h  l i gh t  e l e m e n t s  as Li,  
Be,  ]3, Na ,  Mg, A1, Si a n d  so on  a re  p r o m i s i n g  c a n d i d a t e s  
as c o m p o n e n t s  for  p o w e r f u l  exp los ive  c o m p o s i t i o n s .  

S o m e  of t h e  c o m b i n a t i o n s  s h o w n  in  T a b l e  I I  m a y  of  
course  be  q u i t e  useless  as exp los ives  o r  a d d i t i v e s  t o  
exp los ives  un le s s  t h e y  c a n  be  b r o u g h t  t h e m s e l v e s  t o  
d e t o n a t e .  T h e r e  are  s eve ra l  m e a n s  t o  a c c o m p l i s h  th i s ,  
b u t  t h e s e  will  n o t  be  d i scussed  here .  I t  m a y  o n l y  be  
m e n t i o n e d  t h a t  A1 (BH4) 3 is " h y p e r g o l i e "  w i t h  02, HzO, 
1-I203 a t  r o o m  t e m p e r a t u r e ,  t h a t  is, i t  r e a c t s  on  c o n t a c t  
w i t h  t h e s e  s u b s t a n c e s ,  A c t u a l l y  t h e  c o r r e s p o n d i n g  re-  
a c t i ons  are  qu i t e  exp los ive  in  c h a r a c t e r  a n d  re lease  in 
f a c t  p e r  c m  ° t h e  h i g h  energ ies  w h i c h  we h a v e  q u o t e d  in 
t h e  p reced ing .  Mos t  l i gh t  e l e m e n t  b o r o h y d r i d e s  as well  
as a l u m i n o h y d r i d e s  1 r e a c t  (hydrol ize)  exp lo s ive ly  on  
c o n t a c t  w i t h  H 2 0  a n d  H202. A l u m i n u m  a n d  m a g n e s i u m  
p o w d e r  in w a t e r y  s u s p e n s i o n  can  be  d e t o n a t e d  b y  t h e  
a p p l i c a t i o n  of p r o p e r  t h e r m o m e c h a n i c a l  shocks .  The  
s a m e  is t r u e  for  m o s t  of t h e  r e a c t i o n s  s h o w n  in T a b l e  I I .  
W h e n e v e r  a n y  of t he se  r e a c t i o n s  go to  c o m p l e t i o n  t h e  
ene rg ies  r e l eased  pe r  c m  3 are  of course  e q u a l  to  those  
c a l c u l a t e d  f r o m  t h e r m o c h e m i c a l  p r inc ip l e s  a n d  t h u s  t h e  
s i m p l e  t h e o r e m  w h i c h  ha s  been  d i s cus sed  in t h i s  n o t e  
is c o n f i r m e d  b y  a g r e a t  v a r i e t y  of  e x p e r i m e n t a l  d a t a .  

M i x t u r e s  s u c h  as  t h e r m i t  a n d  o t h e r s  of t h e  t y p e s  
s h o w n  in T a b l e  I I  m a y  be u sed  to  f o r m  sol id i n s e r t s  for  
s h a r p e d  c h a r g e s  u p o n  whose  d e t o n a t i o n  t h e s e  i n s e r t s  
a re  i g n i t e d  a n d  e j e c t e d  a t  h i g h  speed .  Self  r e a c t i n g  
p a r t i c l e s  a re  a c c e l e r a t e d  t o  h i g h e r  ve loc i t ies  a n d  possess  
in  g e n e r a l  h i g h e r  p o w e r  of  p e n e t r a t i o n  t h a n  t h o s e  
o b t a i n e d  f r o m  t h e  c o n v e n t i o n a l  i n e r t  sol id  i n s e r t s  ~. Also,  
p ro j ec t i l e s  w i t h i n  w h i c h  a c h e m i c a l  r e a c t i o n  of t h e  t y p e  
s h o w n  in T a b l e  I I  t a k e s  p lace  can  be  used  as  a r t i f i c i a l  
m e t e o r s  w h i c h  in c o n t r a d i s t i n c t i o n  to  n a t u r a l  m e t e o r s  

x D. T. HURD, Chemistry o~ the Hydrides (John Wiley & Sons, 
Inc., New York, 1952). 

2 G. BIRKHOFF, D. P, MAcDouGALL, E. M. PUGH, and G. TAYLOR, 
J. Appl. Phys. 19, 563 (1948). 
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are  l u m i n o u s  e v e n  w h e n  t r a v e l l i n g  t h r o u g h  a v e r y  h i g h  
v a c u u m  such  as i t  ex i s t s  in  i n t e r p l a n e t a r y  space  L 

F.  ZXVICK¥ 

CaliJornia Institute o/ Technology, Pasadena, Cali- 
/ornia, February 22, 1954. 

Zusammen/assung 

G e w 6 h n l i c h e  E x p l o s i v m i t t e l  u n d  R a k e t e n t r i e b s t o f f e  
e n t w i c k e l n  n a c h  Z t i n d u n g  1Reak t ionsw~rmen ,  we lche  den  
W e r t  q~ = 3 kca l  je  c m  e n i c h t  i i b e r s c h r e i t e n .  Dies  g i l t  
b e s o n d e r s  f t i r  K o m b i n a t i o n e n ,  d ie  n u r  K o h l e n s t o f f ,  
W a s s e r s t o f f ,  S t i c k s t o f f  u n d  S a u e r s t o i f  e n t h a l t e n .  D a  die 
R e a k t i o n s p r o d u k t e  so lche r  T r i e b s t o f f e  al le  g a s f 6 r m i g  
s ind ,  g e h t  i m  w e s e n t l i c h e n  die S u b l i m a t i o n s w / i r m e  de r  
u r s p r i i n g l i c h  f e s t e n  Stoffe  v e r t o r e n ,  u n d  die W e r t e  y o n  
q~ e r s c b e i n e n  e n t s p r e c h e n d  n i ed r ige r .  I m  g l e i chen  S inne  
w i r k t  die r e l a t i v  l e i ch t e  D i s s o z i e r b a r k e i t  v o n  CO, CO~ u n d  
H , O  be i  d e n  r e s u l t i e r e n d e n  E x p l o s i o n s t e m p e r a t u r e n .  U m  
gr6ssere  W e r t e  y o n  qv zu erz ie len,  mt i s sen  d e s h a l b  
E l e m e n t e ,  wie  L i t h i u m ,  Bor ,  M a g n e s i u m ,  A l u m i n i u m  
u n d  S i l iz ium,  in  die E x p l o s i v s t o f f e  e i n g e b a u t  werden ,  
die n a c h  D e t o n a t i o n  fes te  u n d  flfissige O x y d e  u n d  Ver -  
b i n d u n g e n  l iefern .  E s  w i r d  a n  H a n d  e in ige r  Beisp ie le  
gezeigt ,  dass  a u f  diese Wei se  E n e r g i e m e n g e n  v e r f f i g b a r  
we rden ,  d ie  i m  B e r e i c h  y o n  4 his  7 kcaI  je  c m  a l iegen.  Z u r  
p r a k t i s c h e n  A u s f i i h r u n g  k0nnen ,  die g e n a n n t e n  L e i eh t -  
e l e m e n t e  e n t w e d e r  p h y s i k a l i s c h  e i n e m  g e w 6 h n l i c h e n  
E x p l o s i v s t o f f  b e i g e m i s c h t  werden ,  odor  es k 6 n n e n  diese 
E l e m e n t e  m i t  -Wasserstoff ,  S t i c k s t o f f  u n d  e v e n t u e l l  
Saue r s to f f ,  F l u o r  usw.  zu r  V e r b i n d u n g  g e b r a c h t  u n d  m i t  
e i n e m  zus~t tz l ichen O x y d a t i o n s m i t t e l  r e a g i e r t  we rden .  
Fa l l s  m a n  in  e x p l o s i v e n  H o h l l a d u n g e n  p o t e n t i e l l  se lbs t -  
r e a g i e r e n d e  E i n l a g e n  aus  k o m p r i m i e r t e m  T h e r m i t  odor  
~ihnl ichen K o m p o s i t i o n e n  b e n u t z t ,  w e r d e n  n a c h  De to -  
n a t i o n  g l i i hende  T e i l c h e n  grosse r  G e s c h w i n d i g k e i t  u n d  
g ro s se t  D u r c h d r i n g u n g s f ~ t h i g k e i t  a u s g e s c h l e u d e r t .  Diese  
T e i l e h e n  k 6 n n e n  a u c h  Ms in e i n e m  V a k u u m  wie d e m  
i n t e r p l a n e t a r i s c h e n  R a u m  s e l b s t l e u c h t e n d e  k t i n s t l i che  
iVleteore zu E x p e r i m e n t e n  v e r s c h i e d e n e r  A r t  b e n u t z t  
w e r d e n  z. 

1 F. ZWICKY, Engineering and Science Monthly, Calif. Inst. of 
Technology, Pasadena, January 1953. 

2 G. BIRKHOFF, D. M. MACDOUGALL, E. M. PUGH and G. TAYLOR, 
J. Appl. Phys. 19, 563 (1948). 

The Relative Stabilities of Cis and Trans Isomers 

T h e  o r ig ina l  ru le  for  d e t e r m i n i n g  f r o m  p h y s i c a l  p ro -  
pe r t i e s  w h i c h  i s o m e r  in  a cycl ic  s y s t e m  was  cis a n d  w h i c h  
was trans was p r o p o s e d  b y  y o n  A u w ~ R s  1. U n f o r t u n a t e l y ,  
t h i s  ru le  was  f o u n d  n o t  t o  h o l d  t r u e  in s e v e r a l  cases  a n d  
m u c h  c o n f u s i o n , h a s  b e e n  c a u s e d  t h e r e b y .  Mos t  of t he se  
cases in  w h i c h  t h e  ru le  of y o n  A u w ~ R s  fai ls  to  p r e d i c t  
t h e  i somers  c o r r e c t l y  s h o w  a cons i s t ency ,  a cons ide ra -  
t i o n  of w h i c h  ha s  p r o m p t e d  a r e s t a t e m e n t  of t h e  or ig inM 
rule .  W i t h  r e s p e c t  t o  cis a n d  trans i somers  in  cycl ic  
sy s t ems ,  that isomer which has the highest boiling point, 
highest index o] re/raction and highest density is the 
isomer which possesses the least stable con/iguration. I t  is 
a p p a r e n t  t h a t  t h e  s t r u c t u r e s  p r e d i c t e d  b y  t h i s  ru le  wil l  
d i f fe r  f r o m  t h o s e  p r e d i c t e d  b y  VOl~ AUWERS ru le  o n l y  
w h e n  t h e  trans i s o m e r  is less s t a b l e  t h a n  t h e  cis. 

x K. vow" AUWERS, Ann. Chem. 420, 84 (1920). 

T h e  ru le  s t a t e d  a b o v e  is s u b s t a n t i a t e d  b y  a n  a m o u n t  
of e x p e r i m e n t a l  e v i d e n c e  w h i c h  is t oo  la rge  to  be  dis- 
cussed  he re  e x c e p t  for  c e r t a i n  cases of  p a r t i c u l a r  im-  
p o r t a n c e .  I t  n e e d  o n l y  be  sa id  t h a t  of  t h e  h y d r o c a r b o n s  
l i s t ed  in  v a r i o u s  c o m p i l a t i o n s  1, n o  e x c e p t i o n  to  t h e  
ru le  was  f o u n d  z. C o m p o u n d s  c o n t a i n i n g  f u n c t i o n a l  
g roups  were  n o t  e x h a u s t i v e l y  cons ide red ,  b u t  o u t  of 
some  d o z e n  cases  e x a m i n e d  t h e  p r e d i c t i o n s  of  t h e  ru le  
were  c o n f i r m e d  w i t h  o n l y  one  q u e s t i o n a b l e  ease  a. 

T h r e e  c r i t i ca l  cases m a y  be  spec i f ica l ly  m e n t i o n e d .  
cis-1, 3 - D i m e t h y l c y c l o h e x a n e  is k n o w n  4 to  be  m o r e  s t a b l e  
t h a n  t h e  trans i somer ,  a n d  i t  was  also r e c e n t l y  s h o w n  
t h a t  t h e  s a m e  is t r u e  of t h e  1, 3 - d i m e t h y l c y c t o p e n t a n e s  5. 
A s o m e w h a t  d i f f e r e n t  t y p e  of s y s t e m ,  [0, 3 ,3] -b icyc lo-  
oc t ane ,  also ha s  a m o r e  s t a b l e  cis i s o m e r  in c o n t r a s t  
w i t h  t h e  h o m o l o g o u s  h y d r i n d a n e s  e a n d  deca l ins .  I n  each  
of t h e s e  cases  t h e  co r r ec t  s t r u c t u r e s  are  p r e d i c t e d  b y  t h e  
ru le  s t a t e d .  

A l t h o u g h  t h e r e  is l i t t l e  e v i d e n c e  a v a i l a b l e  ~ to  s u p p o r t  
t h e  c o n t e n t i o n ,  i t  is r e a s o n a b l e  to  s u p p o s e  t h a t  t h e  rule  
wil l  a p p l y  to  m o r e  h i g h l y  s u b s i t u t e d  s y s t e m s  a n d  l ike-  
wise to  sma l l -  a n d  l a r g e - r i n g  c o m p o u n d s ,  a n d  wil l  t h u s  
be  of  p r a c t i c a l  v a l u e  s ince  t h e  r e l a t i v e  s t ab i l i t i e s  of t h e  
c o m p o u n d s  c a n  be  d e t e r m i n e d  in  m o s t  cases b y  con-  
f o r m a t i o n a l  a n a l y s i s L  

T h e  e x i s t e n c e  of t h e  ru le  s t a t e d  a b o v e  can  be  r a t i o n -  
a l ized b y  q u a l i t a t i v e  t h e o r e t i c a l  c o n s i d e r a t i o n s .  A n  idea l  
case is a pa i r  of s imp le  cis a n d  trans i s o m e r s  of a cycl ic  
s a t u r a t e d  h y d r o c a r b o n .  I n  s u c h  a case t h e  forces  a c t i n g  
in a n d  b e t w e e n  t h e  molecu le s  a re  q u i t e  s i m i l a r  a n d  t h e  
d i f f e rences  in  t h e  p h y s i c a l  p r o p e r t i e s  of t h e  c o m p o u n d s  
are  due  to  a m i n i m u m  n u m b e r  of  d i f fe rences  in  t h e  
forces ac t ing .  I n  t h i s  case i t  is e v i d e n t  t h a t  t h e  i s o m e r  
w h i c h  h a s  t h e  g r e a t e s t  d e n s i t y  a n d  t h e  g r e a t e s t  i n d e x  
of r e f r a c t i o n  h a s  t he se  p r o p e r t i e s  as a r e s u l t  of i t s  s m a l l e r  
m o l e c u l a r  v o l u m e .  I t  is e q u a l l y  t rue ,  if less obv ious ,  t h a t  
t h e  s m a l l e r  m o l e c u l a r  v o l u m e  leads  to  t h e  h i g h e r  bo i l i ng  
p o i n t  8 s ince t h e  s m a l l e r  m o l e c u l a r  v o l u m e  inc reases  t h e  
m a g n i t u d e  of t h e  d i spe r s ion  forces  w h i c h  in  t u r n  l eads  
to  a n  i n c r e a s e d  h e a t  of  v a p o r i z a t i o n .  T h e  s m a l l e r  
m o l e c u l a r  v o l u m e  also r equ i r e s  t h e  c r o w d i n g  t o g e t h e r  
of t h e  a t o m s  w i t h i n  t h e  mo lecu le  and ,  b e c a u s e  of t h e  
i n t e r n a l  r e p u l s i v e  forces  e n c o u n t e r e d ,  a lower  s t a b i l i t y  
resu l t s .  T h e  ru le  s t a t e d  is e v i d e n t l y  a d i r e c t  r e s u l t  of 
t h e s e  e f fec ts  a n d  i t  m a y  t h u s  be  d e t e r m i n e d  w h a t  k i n d s  
of c i r c u m s t a n c e s  a re  r e q u i r e d  to  cause  t h e  ru le  to  fail .  

A n  o lef in ic  d o u b l e  b o n d  m a y  be  c o n s i d e r e d  in  a f o r m a l  
sense  as a t w o - m e m b e r e d  r ing  a n d  as s u c h  s h o u l d  also 
f i t  t h e  rule ,  C o n s e q u e n t l y ,  t h e  p r o p e r t i e s  of s o m e  dozens  
of m o n o - o l e f i n i c  h y d r o c a r b o n s  were  c o n s i d e r e d  9 and ,  
a l t h o u g h  in  m a n y  cases t h e  d a t a  a re  of i n su f f i c i en t  
a c c u r a c y  to  be  de f in i t i ve ,  no  c lea r  c u t  c o n t r a d i c t i o n s  
were  f o u n d .  Of p a r t i c u l a r  i n t e r e s t  a re  t h e  i somer s  of 

1 G. E~LOFF, Physical Constants o/ Hydrocarbons (Reinhold, 
New York, N.Y. - J. S. FARADAY, Encyclopedia o/ Hydrocarbon 
Compounds (Chemindex, Manchester, 1945-52). - A.P. I .  Tables, 
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e Account must be taken of the fact that some of the compounds 
listed as cis in the tables have since been shown to be trans and vice 
versa. 
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