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D i s c o n t i n u o u s  N a t u r e  o f  S t r e s s - S t r a i n  

R e l a t i o n s h i p  

Two 0.0138 in.  dia .  p i ano  wires (E = 28.65 × 10 ~ l b / i n  2 
a t  200,000 lb / in  2, u l t i m a t e  s t ress  = 320,000 lb / in  z) are  pre-  
s t ressed,  t h e n  c l amped  w i t h  spec ia l ly  h a r d e n e d  a n d  ser- 
r a t e d  grips  in  a s t ress ing  bed  2 feet  long, m a d e  of 4 × 2 in. 
c h a n n e l  sect ions.  Whi l e  one  wire  is suf f ic ien t  for t he  ex-  
p e r i m e n t ,  t h e  second one se rved  for  m e a s u r i n g  t he  re laxa-  
t i on  of t he  stress.  I f  a smal l  we igh t  is p laced  a t  t h e  midd le  
of t h e  s p a n  t he  wire will def lec t  a s s u m i n g  a t r i a n g u l a r  
shape.  The  m a j o r  load,  caus ing  a def lect ion,  ~ -m 20 × 10 -a 
in.,  was  fol lowed b y  m i n o r  loads  of 100, 50, 20 a n d  10 nag. 
A n  increase  in 6 was  obse rved  u p o n  a p p l y i n g  t h e  f i rs t  two  
m i n o r  r iders ,  b u t  n o n e  for  20 or 10 mg. T h i s  m e a n t  t h a t  a n  
increase  in  t h e  wire  s t ress  was  n o t  fol lowed b y  a n  app ro -  
p r i a t e  increase  in s t ra in .  T h e  ca l cu la t ed  def lec t ion  for a 
20 m g  i n c r e m e n t  was  9.3 × 10 -6 in. which ,  due  to  t h e  
g e o m e t r y  of t h e  wire  (25.92 in. long),  m e a n t  10 × 10 -xo 
s t r a i n  w i t h  a c o r r e s p o n d i n g  s t ress  of 28 × 10 -3 l b / i n  ~. T h i s  
s t ress ,  w h i c h  is of t h e  o rde r  of 0.1 lb / inL  will be  re fe r red  to  
as  t h e  e n t r y  s t ress  a n d  is de f ined  as  t h e  t en s i on  be low 
w h i c h  s t ress  is n o t  fol lowed b y  s t ra in .  

T h e  bas ic  d i f f i cu l ty  in  f i nd ing  t h e  e n t r y  s t ress  lies in  t h e  
l imi t ed  a c c u r a c y  of m i c r o m e t e r s  for  m e a s u r i n g  t r ave l .  A 
large d r u m  m i c r o m e t e r  w i t h  10 -4 in.  g r a d u a t i o n s  was  
used,  w i t h  a n  a c c u r a c y  of 5 × 10 -~ in. T h e  e lec t ron ic  con-  
t a c t  i n d i c a t o r  will r eg i s te r  a m a x i m u m  gap  b e t w e e n  wire  
a n d  m i c r o m e t e r  s h a f t  of t he  o rde r  of 10 -s in. b u t  t h e  
e x a c t  m a g n i t u d e  of t h i s  gap  is imposs ib le  to  f ind  b y  a 
m e c h a n i c a l  m e a s u r i n g  device  a n d  recourse  ha s  to  be  m a d e  
to  t he  d i f fe ren t i a l  t h e r m a l  e x p a n s i o n  t h a t  exis ts  b e t w e e n  
t h e  wire  a n d  t h e  s t ress ing  bed.  

L e t  e s a n d  e w be these  expans ion  coeff ic ients  of t h e  
s teel  f r ame  a n d  of t he  wire r e spec t ive ly  a n d  le t  ew = es + A ~. 
I t  m a y  be  s h o w n  t h a t  the  fol lowing r e l a t i ons h i p  exis ts  be-  
t w e e n  e s a n d  As: 

~ -~ ( 1 -  2 ~)  ~ (1 - ~ )  + y = y ~  (1) 

where  ~0 is t he  t e m p e r a t u r e  change ,  ~ is the  angle  b e t w e e n  
t h e  h o r i z o n t a l  a n d  t h e  slope of t h e  wire  before  9 t akes  
place,  a n d  ~ ,  is t h e  def lec t ion  of t he  cen t re  of t he  s p a n  
a f t e r  t h e  t e m p e r a t u r e  increase.  F r o m  e q u a t i o n  1 A ,  c an  
be  f o u n d  if  ~s is k n o w n ;  however ,  i t  m a y  be  s h o w n  t h a t  
e v e n  if t he  la rge  e r ror  of 1 × 10 -G in e s is a s s u m e d  t h e  or ror  
in  zJe is of t h e  o rde r  of 10 -1°, hence  e s = 6 X  I0 -s was  
a d o p t e d  for  t h e  mi ld  s tee l  f l ame ,  

H a v i n g  f o u n d  zle to  be  4.4?< 10 -~ p e r  F t h e  e x a c t  m a g -  
n i t u d e  of  t h e  s e n s i t i v i t y  gap  b e t w e e n  wire  a n d  m i c r o m e t e r  

need  n o t  be  k n o w n  as c o n t a c t  c a n  be  ach i eved  b y  l i f t ing  
t he  wire  s lowly d u r i n g  dec reas ing  t e m p e r a t u r e .  I t  m a y  be  
s h o w n  t h a t  

d ~ j d t  = A ~ (l~/~¢) dq~/dt (2) 

where  t he  l e f t - h a n d  d e r i v a t i v e  is t he  r a t e  of t he  rise of t he  
wire, whi lc  t he  r i g h t - h a n d  d e r i v a t i v e  is t h e  r a t e  of c h a n g e  
of t he  t e m p e r a t u r e  (cooling is posi t ive) .  

The  cool ing d o w n  process  t o o k  place in a windowless  
room,  free of d r a u g h t ,  d u r i n g  the  e v e n i n g  hou r s  w h e n  the  
t e m p e r a t u r e  decrease  was  fa i r ly  un i fo rm.  T h r e e  exper i -  
m e n t s  h a v e  been  car r ied  o u t  on  d i f fe ren t  d a y s  w h e n  t he  
t e m p e r a t u r e  d rop  was 0.8 F pe r  h o u r  a n d  t h e  speed of t he  
a scend ing  wire  was ca lcu la ted  as 5.5 × 10 -5 in . /min .  

W h e n ,  now, whi le  t he  wire  was a scend ing  a n d  t he  con-  
t a c t  i n d i c a t o r  arc  b e g a n  to  v ib ra t e ,  a load of 20 m g  was 
a d d e d  to  t he  load  t h e  c o n t a c t  shou ld  h a v e  i m m e d i a t e l y  
been  b r o k e n  because  th i s  load inc remen t ,  as m e n t i o n e d  
before ,  shou ld  h a v e  caused  a def lec t ion  of 9.3 × 10 -e in.,  a 
d i s t ance  t h e  wire  t a k e s  more  t h a n  10 sec to  t rave l .  Fa i lu re  
of b r e a k i n g  t he  c o n t a c t  m e a n s  t h a t  20 m g  was  insuf f ic ien t  
to  cause  a c h a n g e  of s t ra in .  

T h i s  r e su l t  was  o b t a i n e d  for  a ~ 200,000 lb ] in  2 pre-  
s t ress  (less r e l axa t ion ) .  S imi la r  e x p e r i m e n t s  were  ca r r ied  
o u t  for  65,000, 100,000 a n d  150,000 lbf in  a p res t r e s s  w i t h  
no  s ign i f i can t  c h a n g e  in  t h e  e n t r y  s t ress .  T h e  r a t i o  of t h e  
s t resses  in  t h e  wire  as a g a i n s t  those  in  t h e  s t r e s s ing  b e d  
a n d  c o n t a c t s  is of t h e  o rde r  of 104 . I t  follows t h a t  ef fects  
due  to  t h e  e n t r y  s t ress  a re  r e s t r i c t ed  solely to  t he  wire. 

I t  is e m p h a s i z e d  t h a t  200,000 lb / in  2 s t ress  is n o t  h i g h  
e n o u g h  for  t he  load to  be  ca r r ied  b y  t he  sk in  as  a g a i n s t  
t h e  core. Hence ,  e v e n  if c rys t a l s  beg in  to  slip d i s loca t ions  
m o v i n g  t o w a r d s  t he  free sur face  will  n o t  h a v e  to t r a v e l  
t h r o u g h  m a n y  a t o m i c  spac ings  as t h i s  would  invo lve  a n  
apprcc i ab le  p las t i c  s t r a i n  in  t he  core. The  d i s loca t ion  
t h e o r y  canno t ,  the re fore ,  exp l a in  t he  e n t r y  stress.  

Zusammen[assung. W i r d  e in  v o r g e s p a n n t e r ,  d i i nne r  
D r a h t  m i t  z u n e h m e n d e r  K r a f t  in  de r  Mi t t e  be las te t ,  so is t  
j ede r  L a s t z u w a c h s  m i t  e iner  Z u n a h m e  der  D u r c h b i e g u n g  
v e r b u n d e n .  Dies  t r i f f t  n i c h t  m e h r  zu, falls de r  L a s t z u -  
wachs  e inen  gewissen W e f t  u n t e r s c h r e i t e t ,  was b e d e u t e n  
wiirde,  dass  fiir k le ine  S p a n n u n g s ~ n d e r u n g c n  u n t e r h a l b  
de r  G r 6 s s e n o r d n u n g  0,1 l b / i n  ~ das  Hooksche  Gese tz  u n -  
gi i l t ig ist.  

R.  FRIGCH-FAY 

School o] Civil Engineering, University o / N e w  South 
Wales, Broadway, Sydney (Australia), 
February 25, 1963. 

P r e p a r a t i o n  o f  

5 , 6 - o - I s o p r o p y l i d e n e - L - a s c o r b i c  A c i d  I 

I t  h a s  b e e n  found  t h a t ,  whi le  L-ascorbic acid is spa r -  
ing ly  so luble  in  ace tone ,  i t  is v e r y  soluble  in a ce t one  
s a t u r a t e d  w i t h  h y d r o g e n  chlor ide .  However ,  5,6-o-iso- 
p ropy l idene-L-ascorb ic  ac id  exh ib i t s  the  oppos i te  cha r ac -  
ter is t ics ,  be ing  poor ly  soluble  in  ace tone  s a t u r a t e d  w i t h  
h y d r o g e n  chlor ide  a n d  r ead i ly  soluble  in  ace tone .  I t  is 

poss ib le  to  t ake  a d v a n t a g e  of these  so lub i l i t y  p rope r t i e s  
to  p r e p a r e  t he  i sopropy l idene  d e r i v a t i v e  in h igh  yield.  
T h e  c o n d e n s a t i o n  can  also be  accompl i shed  in lower  
yields  b y  s h a k i n g  w i t h  a n h y d r o u s  c o p p e r  su l fa te  for 24 h 
or t r e a t m e n t  w i t h  sul fur ic  acid o v e r n i g h t  2. The  p r o d u c t  is 

1 Supported by PHS Research Grant CA-03994-06. 
2 L. v. VARGHA, Nature 130, 847 (1932). 
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a c o n v e n i e n t  source for t he  syn thes i s  of p o t a s s i u m  3, 4-0- 
i sopropyl idene-L- threona te  3 a n d  of t h reon ic  acid, al-  
t h o u g h  L-threonic  acid can  also be o b t a i n e d  in  equi-  
molecula r  m i x t u r e  w i th  oxal ic  acid f rom t he  d i rec t  oxida-  
t ion  of L-ascorbic acid4,L There  is increas ing  in t e r e s t  in 
L-threonic  acid, because  i t  is a possible  i n t e r m e d i a t e  in  
the  ca t abo l i sm of L-ascorbic acid in vivo. 

Num- mgsub- mgH20 mgCO 2 % H  %C 
ber stance 

Ascorbie acid 1C 6 5 . 8 6 1  2.360 8.810 4.51 41.02 
Small-scale run 1C 9S 4.619 2.340 8.500 5.67 50.~1 
Large-scale run 2C 9L 4.940 2.505 9.070 5.68 50.10 
Large-scale run, 3C 9R 5.176 2.655 9.530 5.74 50.24 
recrystaUized 

p r o d u c t  h a v i n g  depressed  m e l t i n g  po in t ,  i.e. p r e s u m a b l y  
c o n t a i n s  u n r e a c t e d  L-ascorbic  acid. The  un ree rys t a l l i zed  
m a t e r i a l  is s u b s t a n t i a l l y  pure ,  j u d g e d  b y  i ts  m e l t i n g  
poin t ,  m i x e d  m e l t i n g  p o i n t  w i t h  i sopropy l idene  d e r i v a t i v e  
p r e p a r e d  b y  use of a n h y d r o u s  copper  su l fa te  2 a n d  ana l -  
ysis. I t  m a y  be  rec rys ta l l i zed  f rom a c e t o n e - h e x a n e  mix-  
ture .  A l t e rna t i ve ly ,  i t  m a y  be  w a s h e d  w i t h  peroxide- f ree  
d i e t h y l  e ther ,  dr ied  in vacuo a n d  t h e n  c o n t i n u o u s l y  ex-  
t r a c t e d  w i t h  dry,  pe rox ide- f ree  d i e thy l  e t h e r  to  yie ld  cry-  
s ta l l ine  5, 6-o- isopropyl idene-L-ascorbie  acid in the  receiv-  
ing flask, w i t h  a m e l t i n g  p o i n t  a t  223-224 ° (cot., dec.) ,  
s l igh t ly  h i g h e r  a n d  b e t t e r  def ined  t h a n  t h a t  r e p o r t e d  b y  v. 
VARGHAL Us ing  g las s - s toppered  t e s t  t u b e s  a n d  app ro -  
p r i a t e  q u a n t i t i e s  of so lven t s  a n d  reagen t s ,  s imi la r  yields 
m a y  be  o b t a i n e d  f rom 1 m m o l e  of L-ascorbic acid.  The  
p rocedu re  is t h u s  also useful  for  p r e p a r i n g  label led  
t h r e o n i c  acid a. 

Dry  hyd rogen  chlor ide is r ap id ly  b u b b l e d  t h r o u g h  glass 
t u b i n g  of 8 m m  I .D.  for 5 m i n  in to  a 200 ml  cen t r i fuge  
f lask con ta in ing  10 g (0.057 mole) of p o w d e r e d  L-ascorbic  
acid and  100 ml  of dry,  redis t i l led  acetone.  A l t e r  a d d i t i o n  
of 80 ml n -hexane ,  s t i r r ing,  cooling in ice w a t e r  a n d  cen- 
t r i fuging,  t he  supe rna t e  is decan ted .  T h e  p r ec i p i t a t e  is 
washed four  t imes  w i t h  140 ml  of a c e t o n e - h e x a n e  m i x t u r e  
4 : 7 (v/v), w i th  s t i r r ing,  cooling, cen t r i fug ing  a n d  r e m o v a l  
of supe rna t e  a f t e r  each  addi t ion .  T he  f lask is closed w i t h  
a r u b b e r  cap, and  opened on ly  for m i n i m a l  per iods  re- 
qu i red  for the  opera t ions .  The  yie ld  of 5 ,6-o- isopropyl i -  
dene-L-ascorbic acid, dr ied in vacuo ove r  s o d i u m  hy -  
droxide,  is 85 -90%,  m.p.  219-222 ° (cor., dec.). Less  t h a n  
2 h are  r equ i red  for all  s teps  up  to  t h e  d r y i n g  process.  
T h o r o u g h l y  powdered  s t a r t i n g  m a t e r i a l  is essent ia l ,  be-  
cause a d m i x t u r e  of fa i r ly  large c rys ta l s  s o m e t i m e s  gives 

Zusammen/assung. Die S y n t h e s e  der  5 ,6-o- Isopropyl i -  
den-L-ascorbins~iure m i t  Hilfe  yon  Chlorwasse rs to f fgas  
wi rd  beschr ieben .  

L. L. SALOMON 

Department o/ Biochemistry and Nutrition, The University 
o/ Texas Medical School, Galveston, Texas, U.S.A. 
August 27, 1963. 

3 T. REICHSTEIN, A. GROSSNER, and W. BOSSHARD, Helv. chim. 
Acta 18, 602 (1935). 

4 R. W. HERBERT, E. L. HIRST, E. G. V. PERCIVAL, R. J. W. REY- 
NOLDS, and F. SMITH, J. chem. Soc. 1933, 1270. 
P. KARRER, G. SCIIWARZENBACH, and K. SCH6PP, Helv. chin]. 
Acta 16, 302 (1933). 

T h e  N a t u r e  o f  C a r b o n a t e  C o n t e n t s  in  
T o o t h  M i n e r a l  t 

Prec ip i t a t i on  expe r imen t s  in vitro f rom aqueous  solu- 
t ions  d e m o n s t r a t e  t h a t  in t he  pu re  ca lc ium p h o s p h a t e  
sys t em no ideal  c rys ta l l i za t ion  processes  will arise,  b u t  we 
m u s t  consider  these  p rec ip i t a t ions  as agg lomera t i ons  of 
calc ium p h o s p h a t e  complexes  (colloid clusters ,  0 .005-0.05 
~tm, wi th  posi t ive  excess charge).  

This  s i tua t ion ,  found  du r ing  d e v e l o p m e n t  of t ee th ,  is 
compl ica ted  b y  the  presence of mucous  s u b s t a n c e s  as 
well as b y  add i t i ona l  ca rbona te ,  c i t r a t e  and  o t h e r  ions. 
Hereby ,  the  a m o r p h o u s  c h a r a c t e r  of a p r ec i p i t a t ed  m a t t e r  
would be likewise f avoured  and  yields a m a t r i x  gel. 

The  regular  f o rma t ion  of t he  apa t i t i c  e n a m e l  c rys ta l s  
will be pe r fo rmed  b y  the  c o m b i n a t i o n  of t h e  fol lowing 
even t s :  t he  f luoride c o n t e n t  a n d  t he  p a t t e r n  of ke ra t ine .  
The  one effect induc ing  t he  apa t i t i c  s t ruc tu re ,  even  of 
smal l  a m o u n t s  of f luoride ions, will be caused  b y  t h e  
p r i m a r y  fo rma t ion  of f luo rapa t i t e  germs  ~. The  func t ion  of 
t he  ke ra t i ne  s t ruc tu re  as ep i tac t ic  m a t r i x  effects  t h e  
para l le l  s t r a i gh t ened  ino t rope  t e x t u r e  a n d  t h e  longi tu-  
d ina l  ex tens ion  of the  enamel  c rys ta l sL  

The  difference be tween  the  solubi l i ty  of the  c rys ta l l ized  
a p a t i t e  and  the  amorph ica l  m a t r i x  gel enables  a recrys ta l -  
l iza t ion of the  enamel  ma t t e r .  In  th i s  gel the  m a i n  p a r t  of 
the  c a r b o n a t e  ions will be b o u n d  chemica l ly  a n d  the re  
deposi ted .  The  c a r b o n a t e  (fluoride etc.) is there fore  ava i l -  
able  as ion on ly  a t  the  abso lu te  e x t e n t  of s o l u b i l i t y - - t h a t  

is a t  sma l l  c o n c e n t r a t i o n s - - f o r  c o m b i n i n g  w i t h  the  c ry s t a l  
b i n d i n g s  of the  e n a m e l  crys ta ls .  Th i s  slow bu i ld ing  process  
d e t e r m i n e s  a n  o rde r ly  s e p a r a t i o n  of t he  c rys ta l l ine  phase  4. 
A t  larger  concen t r a t i ons ,  c a r b o n a t e  a n d  p h o s p h a t e  m u t u -  
a l ly  d i s t u r b  t h e  r egu la r  c ry s t a l l i z a t i on  of t h e i r  low solu- 
b i l i ty  ca lc ium c o m p o u n d s  5 a n d  are  no t  su i t ed  for  t h e  
co r r e spond ing  i s o m o r p h o u s  s u b s t i t u t i o n  in t h e i r  l a t t i ce  
fo rmat ions .  I t  is supposed  t h a t ,  in t o p o c h e m i c a l  reac t ions ,  
t h e  a p a t i t e  l a t t i ce  will be  ab le  to  t a k e  u p  a sma l l  p e r c e n t -  
age ( <  2%)  of c a r b o n a t e  ionsL  H e r e w i t h  vacanc i e s  occur,  
w h i c h  m u s t  be  neu t r a l i zed  in  t he i r  charges .  W i t h  r ega rd  
to  t he  s t r u c t u r e  of t he  la t t ice ,  t h e  c a r b o n a t e  u p t a k e  is 
a lways  fol lowed b y  a c o n t r a c t i o n  of the  e l e m e n t a r y  u n i t  
a long  a. W e  can  a s c e r t a i n  t h a t  t h e  a n s w e r  to  the  ques t i on  
on  t h e  n a t u r e  of t he  c a r b o n a t e  in  t h e  t o o t h  m a t e r i a l  can-  
n o t  be g iven  b y  dec id ing  w h e t h e r  t he  c a r b o n a t e  is a n  in-  
t eg ra l  p a r t  of t h e  d e n t a l  a p a t i t e  s t r u c t u r e  or no t .  

t See preceding communication: H. NEWESELY and E. HAVEK, 
Exper. 19, 459 (1963). 

: H. NEWESELY, Proceed. ORCA 8, 174 (1961) (Suppl. Arch. Oral 
Biol.). 

8 W. G. PERDOK and G. GUSTAFSON, Proceed. ORCA 7, 70 (1960) 
(Suppl. Arch. Oral Biol.). 

4 H. NEWESELV, Proceed. ORCA 9, 277 (1962) (Suppl. Arch. Oral 
Biol.). 

5 0 .  R. TRAUTZ and R. R. ZAPANTA, Proceed. ORCA 7, 1~22 (1960) 
(Suppl. Arch. Oral Biol.). 
H. NEWESELY, Monatshefte fiir Chemic 94, 270 (1963). 


