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Whi le  tungs ten  as a bulk meta l  crystallizes wi th  the  
body-cen t red  cubic s t ruc ture  (type A2) two fur ther  
modif icat ions have been reported,  namely ,  face-centred 
cubic (type A1) occurring in evapora ted  tungs ten  films 
deposi ted in vacuo (Beeck, 1950) and  t ha t  known as 
fl-tungsten. The fl-tungsten modificat ion,  found originally 
by  electrolysis of melts  (Har tmann ,  Eber t  & Bretschnei-  
der, 1931; Burgers & van  Liempt ,  1931) is classified as 
type  A15, the  space group being O~-Pm3n with  8 a toms 
in the uni t  cell: 2 in (a): 0 , 0 , 0 ;  ½,½,½; and  6 in (c): 
-4- (~, 1 ~-, 0; O)"  This form of tungs ten  has also been found 
in films sput tered  from tungs ten  electrodes on to the walls 
of a glass container  (Perch, 1944), in films formed in 
some v a c u u m  lamps (Rooksby, 1944) and in films 
deposi ted in an a tmosphere  of wet  hydrogen  on nickel 
sheet a t  200-300 °C. (Charlton & Davis,  1955, 1956). 

I t  has been suggested, however,  t ha t  fl-tungsten is an 
oxide of tungs ten  (Hagg & Sch6nberg, 1954; Charl ton & 
Davis,  1955) though  Mannela  & Hougen  (1956) and  
Millner et al. (1957) believe t ha t  thei r  fl-tungsten, formed 
by the reduct ion  of the  oxide, WO3, is a t rue  allotropic 
form of the  metal .  

In  the  course of the  X- ray  examina t ion  of tungs ten  
films deposi ted on glass in good vacua,  Debye-Scher re r  
lines other  t han  those due to b.c.c, tungs ten  were noted  
in certain instances, and  identif ied as belonging to the  
A 15 type  s t ructure .  In  our opinion, the format ion of an 
oxide was precluded by  the  condit ions under  which such 
films were deposited. The effects of vary ing  condit ions 
of vacuum,  substra te  t empera tu re ,  film thickness etc. on 
the s t ruc ture  type  of the  film deposited are repor ted 
below. 

Fi lms were prepared by  evapora t ing  from an axially 
placed wire (Tungsten Mfg. Co., Ltd. ,  'pure')  on to the  
inner  wall of a cylindrical  'Pyrex '  vessel, held at  a known 
tempera tu re .  Before evaporat ion,  the  glass vessel was 
cont inuously  evacua ted  and  baked a t  a t empera tu re  
above 450 °C. for a t  least 2 hr. producing a vacuum of 
10-5-10 -6 ram. i g .  Dur ing  the last 30 min.  of this period, 
the  tungs ten  f i lament  was out-gassed at  a t empera tu re  
close to the evaporat ion point  of the metal .  Currents of 
> 5.0 a. th rough  0.2 ram. wire gave rise to a visible 
outgassing film on the  glass. Generally powder  photo- 
graphs were t aken  of the  tungs ten  film adhering to small 
f ragments  of the  glass vessel moun ted  on a Unicam 

Table 1. Structure types for evaporated tungsten films 

Substrate 
Outgassing temperature Structure 

film (°C.) type 

( a )  -[- --78 A2 
( b )  -t- 0 A2 
(c) -~ 540 A2 
( d )  - -  - -  1 9 6  A 15 
(e) -- --78 A15 
(/) - -  - - 7 8 *  A15 
(g) - o A 15 

* Film weight ---- 20 mg. 

October 1958) 

(3 cm. radius) single crystal  camera,  using Cu Ka radia- 
t ion at  a glancing angle of about  15 °. I n  some cases, 
the  meta l  film was scraped off its glass backing and  
moun ted  on a glass fibre. 

The results obta ined for films deposi ted in vacua  of 
10-6-10 -6 ram. Hg.  and  weighing about  10 rag. (geom- 
etrical area, N 100 cm. 2) are summarised  in Table 1. 

In  films having the  A15 s t ructure  lines for 0 > 40 ° 
were not  sufficiently resolved for measurement .  This was 
a t t r ibu ted  par t ly  to ins t rumenta l  broadening and  also 
to broadening due to small part icle size. The lines 
observed were indexed on the  basis of the  A 15 s t ructure ,  
a = 5.046 ~ (cp. 5.038, Neuburger ,  1933), a small amoun t  
of b.c.c, form being usual ly  present  in addi t ion.  

Some exper iments  were also carried out  where  deposi- 
t ion of the  tungs ten  film was begun under  poor vacuum 
conditions, 10-2-10 -3 mm.  Hg. I m p r o v e m e n t  of the  
v a c u u m  to 10-4-10 -s ram. Hg.  dur ing the  evaporat ion 
showed tha t  get ter ing of the  residual gas was occurring. 
Whe the r  or not  a s trong outgassing film had  been formed 
previously,  the  tungs ten  film subsequent ly  deposited 
contained the  A15 form. 

While evaporat ion in a poor vacuum,  say 10 -3 ram. I-Ig. 
would be expected to produce some oxide, calculation 
shows tha t  wi th  a volume of 1 litre and a pressure of 
10 -5 ram. I-Ig. only about  0"01% of the  to ta l  film de- 
posited could be the  low oxide, W~O. Thus  the  occurrence 
of A15 tungsten,  repor ted  in Table 1 cannot  be inter- 
pre ted  on the  basis t ha t  it  is an oxide. 

Table 1 shows tha t  the  presence, (a)-(c), or absence, 
(d)-(g), of an outgassing film formed on the  glass ap- 
paren t ly  controls the  s t ructure  of the  tungs ten  sub- 
sequent ly  deposited.  (Decrease in the  substra te  tempera-  
ture  appears  to control,  i.e. decrease, the  small a m o u n t  
of b.c.c, present  in p redominan t ly  A15 specimens). The 
absence of an outgassing film indicates t h a t  the  tem- 
pera ture  of the  wire has not  been high enough to cause 
evaporat ion from it and possibly has also been in- 
sufficient to outgas it completely.  In  this  case, a minu te  
amoun t  of oxide will be formed init ially on evapora t ing  
from the  f i lament  and  it would appear  from our ex- 
per iments  tha t  its presence can induce the  tungs ten  film 
to deposit  in the  A 15 s tructure.  
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A n  ear l ier  c o m m u n i c a t i o n  (Corey & Casler,  1958) de- 
sc r ibed  t h e  r e c e n t  use  of smal l  p e r m a n e n t  m a g n e t s  for  
h y d r o g e n  b o n d s  in  m o l e c u l a r  m o d e l s  c o n s t r u c t e d  of 
co lored ,  r u b b e r - l i k e  v i n y l  p las t ic .  T h e s e  m o d e l s  were  
o r ig ina l ly  d e v e l o p e d  (Corey & P a u l i n g ,  1953) severa l  
yea r s  ago for  use  in  s t u d i e s  of  t h e  s t r u c t u r e s  of a m i n o  
acids ,  p e p t i d e s ,  a n d  r e l a t e d  c o m p o u n d s .  I n  m a n y  r e spec t s  
t h e y  r e s e m b l e  t h e  S t u a r t - t y p e  m o d e l s  n o w  c o m m e r c i a l l y  
ava i lab le ,  a d j a c e n t  b o n d e d  a t o m s  be ing  he ld  t o g e t h e r  b y  
m e a n s  of s n a p  f a s t ene r s  a n d  d o u b l e - e n d e d  brass  s tuds .  
W h e n  u s e d  for  c o n s t r u c t i n g  v e r y  large  molecu les ,  t h e  
w e i g h t  of t h e  m o d e l s  a n d  t h e  local  s t r a ins  t h a t  d e v e l o p  
w h e n  t h e y  are  h a n d l e d  s o m e t i m e s  cause  t h e  s n a p  fast-  
ene r s  c o n n e c t i n g  b o n d e d  a t o m s  to  pu l l  a p a r t .  T h i s  
occu r r ence  is espec ia l ly  f r e q u e n t  w i t h  r e p r e s e n t a t i o n s  of 
m o l e c u l e s  of p o l y p e p t i d e s  a n d  s imi la r  c o m p o u n d s  t h a t  

t h a t  passes  t h r o u g h  a hole  in A so as  t o  f i t  i n to  a c i rcu la r  
k e y w a y  in t h e  s t ud .  T h e  a s s e m b l y  i n c l u d e s  a b a c k i n g  
p l a t e  B w h i c h  serves  to  a n c h o r  t h e  in se r t  A f i r m l y  in t h e  
p las t i c  a t o m .  

F ig .  2 is a p h a n t o m  d r a w i n g  of a t y p i c a l  a - c a r b o n  a t o m .  
T w o  of t h e  b o n d s - - t h o s e  c o n n e c t i n g  to  a d j a c e n t  a m i d e  
g r o u p s  in  t h e  c h a i n - - a r e  m a d e  b y  m e a n s  of t h e  n e w  s t u d  
f a s t e n e r s ;  t h e  o t h e r  t w o - - t h o s e  c o n n e c t i n g  to  a h y d r o g e n  
a t o m  a n d  a s ide c h a i n - - a r e  t h e  u s u a l  s n a p  f a s t ene r s .  
F o r  t h e  sake  of c l a r i t y  of t h e  d r a w i n g ,  on ly  one  s n a p  
f a s t ene r ,  t h a t  on  t h e  f r o n t  of t h e  m o d e l ,  is s h o w n .  

F ig .  3 is a n  a s s e m b l y  d r a w i n g  of a p o r t i o n  of a po ly -  
p e p t i d e  cha in  s h o w i n g  t h e  p o s i t i o n s  of t h e  s t u d  f a s t e n e r s  
in  t h e  a m i d e  g r o u p s  a n d  t h e  a - c a r b o n  a t o m s .  T h e  t w o  
s n a p  f a s t ene r s  on  t h e  a - c a r b o n  a t o m s  are  n o t  s h o w n .  

cons i s t  e s sen t i a l l y  of long  cha ins  of a t o m s .  F o r  s u c h  
m o l e c u l e s  i t  is h i g h l y  des i r ab le  t h a t  t h e  ' b a c k b o n e '  of t h e  
c h a i n  be  c o n s t r u c t e d  so t h a t  i ts  a d j a c e n t  a t o m s  will  n o t  
s e p a r a t e ,  e v e n  w h e n  s u b j e c t e d  to  cons ide rab l e  m a n i p -  
u l a t i v e  s t ress .  Th i s  n o t e  descr ibes  m o d e l s  for r e p r e s e n t i n g  
a p o l y p e p t i d e  or  a l inear  c a r b o n  cha in  e m b o d y i n g  th i s  
f ea tu r e .  

T h e  dev ice  e m p l o y e d  for  j o i n i n g  a d j a c e n t  a t o m s  in t h e  
c h a i n  is s h o w n  in F ig .  1. I t  cons i s t s  of a d o u b l e - e n d e d  

Fig. 2. A p h a n t o m  drawing of a typical  a -carbon atom,  ~ ~ R showing the  two inserts and s tud connectors t ha t  form the  
intra-chain bonds. One of the  two snap fasteners is not  
shown in this drawing for the  sake of clarity. 
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Fig.  1. An exploded view of the  locking device for joining " ~ )  
ad jacent  a toms  of a chain. H is a double-ended s tud  tha t  
can be locked to the  a tom insert  A by the insertion of a 
rod  R. B is a backing pla te  t h a t  serves to anchor A firmly 
in the plastic a tom.  

a l u m i n t u n  s t u d  S t h a t  can  be  l ocked  in to  an  a l u m i n u m  
inse r t  A a r o u n d  w h i c h  t h e  p las t i c  a t o m  is cas t .  T h e  s t u d  S 
is l ocked  in to  A b y  m e a n s  of a r o u n d  brass  or  s teel  r od  R 

Fig. 3. An assembly drawing of a por t ion of a polypept ide  
* Contr ibut ion No. 2387 from the  Gates and Crellin Labo- chain showing the  positions of the  locked s tud fasteners in 

ratories of Chemistry.  the  amide groups and the  6~-carbon atoms.  


