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! .r m at i o n  m d  Analysis of Polymer Carbon Electrodes to - e r v e  as Oxygen Electrodes

A L i r ~ it~’ : . ’ Contro l Console/Programmer h v n t ’m which  provides for a ramped

te~Ipi- rm tu r. ’ rise i t  i known rate , and the necessary tube furnace has been pur chane —~

m d  ~;t ~ t u~~~. T h i ~ :‘r v i d ~n; for i t emper atu re  span of from room t -nr j~r ’rd t ure ‘c

1500°C. Furfury l ~1cohol polymers have been formed into rods of 1.5 ‘n diameter ,

sliced into i - . mm thick discs , followed by I yr ’el ’,’n i c  a t  k r w n  r..te to  v .mr i ou ~

maximum temperatures .  The electrodes are the: polished .mn d r’~~u n t . ~~ for further

electr’’!’emical stud-i . The ~r. ~~~nt  - 
~,: :,it u :  e: cov’9 r he ran ~e

300°C 1500°C , w i t h  n~~’c i a l  emphasis on the range o~ uOO°C t 600°C in wh ich

t h r ’ -  • c t r ic . ~~ :r c ~; r : ie s  of the polymer carbons exper i nc’: the greatest  change .

A ~~:‘ L I l i  th r ’ .. ~~~~~~~~~~~~~~~~~~~ r ~~~ Ic c c l i  and :& ~ri r m o n t . m t e d  bath to

control the tern: era ’..,r~’ have been bu i l t  to study the ~ e :h.minrL ~ f 02 reduct ion on

these polymer m:’h ns.

An i:~ : r i u h i’; alno h i- i n ‘ u: I n  measure hi nduc t i v i t  i ’~ ~.f th . se

ymer carbons at v u nj: . t ~m: r. m or

Yn I’ :- cons t ro ’ :on in ~ v,icu um-~ in . set-u : to r : j . , : r  ~‘i j  mb: r t  t ion on

th . ’co pol’irn. r c~~r hanc in order to ~~~~~~ , i t ~ the Bru Ii Luc r - E r r lme t t  and Tic i i ’r  c u r fj ~~.

t r ’ .m ~rId the ~ore size . T h i n  informa t ion wil l  be used to nt u d y  ~~~ molecular

s ieve  ;-rn: “r c- i’. :; of t h ~ ne :~~iyn”r  carbons .

- p

Ox-igen Reduntion ~at a 1ys ts

All necessary chemicals and procedures have been acquired for the synthes is

of the  following por~ hyrins and porphyrazines for study as 02-reduction cataiyn~.
s

in c. .~n~ u n n t i n :  with the polymer carbon electrodes; Porphyrazine ’s (Mn, Ni , I’e, Co)-;

Tetra - ,~~-(Dibenzobarre leno) ;  Octakis (p - t -Bu tyl  Phenyl) ;  Tetrakis (t ,t ’ -r)i-t-

Buty l-2 , ’ ~Biphenylene); Tetra_L4_t_Butyl Phthalocyanine ; Tetra-6-t-Butyl-2 ,3-

Naphthalocyanin’ ; Porphyrins (Mn , Ni , Fe, Co) - Tetra Phenyl; P-Carboxy Tetraphenyl .

~

- - - --- .

~
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T.~ti’akis p - N ( c H 3
)

2 Te t ra: ht ’ny l ;  Te t r~ik i . ; p — O H - T ’t r a p h en y l ; Te t r ak i s  p—O C R 3

Tetr i: henvl; Tetrakic p-CR
3 

Tetr . i : h e nv l ;  Tetrakis p-NO
2 Tetraphenyl ;  Te t rak is

~~~~~ Tetraphenyl; Tetrakis p-n-Propyl Tetraphenyl; Tetrakis p-Isopropyl

Tt~traphenyl; Tetrakic p-t-Butyl T et r i o h n v l ;  Tetrakis ~)-D1nhenyl Tetraphenyl;

Tetrakic p-Terphenyl Tetraphenyl.

The structures of these catalyst . are shown in the following pages. The

cnr ipo un L are grouped accordin g to the commo n princi ple characteristics to be

i nventinit ed. As examples , the Co co rn~~iex e : are given .

Th. cnrnplexes Co(Tetrakis ri-N(CH
3
)
2
) Tetra-Phenyl Porp hyrin thru

Co ( T ’ t r i k i c  Penta Fluoro) Tetra-Phenyl Porphyrin are arranged in order of

t~’•~r m : ing e~~ect r~~n don or m bi~~it’~.

The cot— n lexes Co(p-Ethyl ) TetraPt;~ n’~l Porphyrin thru Co- (p-t—Butyl ) Tetra-

!41 -tk nvl Porphyrin or e grouped i~c :rdi ro ’ to increased b r an c h i n g  and size of the

nu :; ’itucnts a tached t o  t h e : - u ’ -i positiDn of the Phenyl groups. Electro-chemical

Iv in  t h e  p r i nci ni- ’ chdra c l . r s t i -  to be investigated in this series.

Tn- - c -rn : i”x ; n - T -  t- i -T . r : h e ny l  Porphyrin t h r u  Co-Tetra—2 ,3-(Dibenzo-

~ r r e l eno ) P~ r :  h’,’r . in n ’ . - x h i P i t  a ~‘r iter ~nnunt of n bonding and resonance

st  ib I i t v  i : :  th~~ir t run u r .  i in w such factor.; contribute to their  c a t a l y t i c

p r o c  r t~~~n t ~: ~ r.- - - i: i on  and heir  stability as adsorbed complexes on the

~rd -r ; ;mr f i-n ’ ire the :rinci ple poin ts to be investi gated here .

Th :nn;~~unds list~ -I below are not avai i.mhie commercially but methods of

~;‘jrithesis of ill of th em have been found and assembled . As many will be tested

in ~i rn i., f u n ~~ing and fdvorable indications suggest. Out of it will come a better

un : ’ - r ; t i n O i n ~’ of th e oxygen electrode and impro ve d electrodes.

—
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A Model of l— D : ‘ • t - ~n . a ’ i :  Based on t he  K i n e t i c s  n t  .1

Unimolecular Reac t ion  f f l l  on the Loncept Ener~’y S t - i t - v a t ! - > :

(Program begun by Paul 1 . Blatn and Henry Eyring n d  ‘entinuing .)

I. h i t  roduc t ior.

The concept of detonation i r t i ;  l ies  the propagation ~ o :h n - n k w i V >  from

a hig h pressure region of low chemical energy i t r o  a i o w  pressure region f

hi gh chemical energy . Two other concepts di c t ite - - r determir.i th e nL’neL~ - f

this wave , - one is the set of balance laws of mass , energy , and momen tum , -

th e other is the kinetics of decomposition of the energy rich material. The

idea of “starva tion k ine tics” introduced by one of usd2) simply means that

waves cannot travel faster than that speed which in de termined  by the  rate at

which  the wave f ront  n i c k s  up energy from the energy-rich mat er ia l , whereas the

energy-rich material cannot release energy faster than the rate at which it

p icks u heat and work from the advancing hi gh-pressure front. In a nor -deton-

able material , the wave speed is f i x ed by the laws of th ermohydrodynamicn .  In

a detonable material , the wave is capable of going much frster according to

the balance lawn , bu t does not, indeed , reach i ts op timum ther rnohy drodvn amic

:;p.’cd , because of the limitations imposed upon it by the kinetics of decompos-

iti on. This limitation is, ba sica lly speaking , a statistical one. The energy

. d in’c the “cold’ but energy-rich molecule dis t r ibi.tes i tself  amongst a large

number of degrees of freedom. Furthermore, the energy of any one degree of

freedom must exceed a critical value before decomposition takes place. This

“rattling around” of energy in non-decomposing degrees of freedom leads to what

we call starvation kinetics. In this report , we present a very simple but

highly accurate model of detonation . We ignore viscosity , diffusion , and heat

conduction . The salient features, as already indicated , are unimolecular

reaction , kine tics wi th starva tion , the balance laws , and a covolume equation

of state. In the next section , we present the pertinent mathematics.

L - .~ . ._ _ _ _ _ _ _  



II. The l—D Model

We imagine a two-component system. Component designated by subscript 1

is the hi gh-energy molecule A
1
. Component designa ted by subscri p t 2 is the

low-energy diatomic molecule A
2. Componen t 1 goes to compound 2 by the reaction

scheme .~~~

k
2

A
1

+ M  -a- , A
1

+M ( 1)

k

k1
A
1 ~~ ‘

~~2 
( 2 )

where m is the  number of diatonic molecules into wh i c h  A
1 decomposes.

The overall rate of the reaction scheme in g iven by:

r - 

k
1
k
2
n
1

- 
k 0+k

1
/ri

where n .  is the number of moles/unit volume of specie “i” .

2
n . (~. i )
1i~~l

k
1 

= ~~ e~~””~T~ ~~~ (E/RT)’ ( 5 )

kT _
~ G*/RTe ( e )

kT
k2 

— e (7)



_ _ _ _ _ _ _ _  - . -

~~~

-

and where s is the number of v ib r a t i ona l >I e ~~: ’e -n ’ freedom ii  rnr rnr 1 ‘ - i t  1 > i

with the bond to be broken .

The component A
1 
has 2m atoms or bm logi n -n o~ f r i-n l >rL . Th - :- f - : .

6m = 3 + 3 ‘I’ S

or

s = 6(m—l)

The component A 2 
has 6 degrees of freedom. Thus th~’ nçeci fic hea ’ ., ~~‘- ~~ . i L ~ ‘

the hi gh tempera ture,are closely given by:

C (6 m— 3 )R
vi.

= 7/2 R (i-i )

and the molar in te rna l  energ ies are i p n ro x im at e d  h y :

U = U + (6m - 3) R(T — T ) (11)
1 10 o

U = U i- 7/2 R ( T  — T ) (12)
2 20 o

Furthermore

U10 
- m U 20 = E

the energy of dissociation~

- _ j



The molecular weigh ts of A
1 

and A9 are designa ted by M ,, M2 
and we

note that:

M
1

m M
2 (14)

The equations-of-state for each component are taken in the form (cf.

Appendix)  namely :

b .n

= n.RT (1 + 
l-E

( 1 5)

nRT
- 

l-~ b .n .

wh ere b . is the “hard” volume/mole . is the “sof t” volume/mole. p. is the
1 p 1

partial pressure .

The balan ce laws tak e the form

-
~~~~

- ( M ~ ri1
) + .

~~~
— ( M

1 
n
1 

v
1
) = — C ( 16)

.
~~~

— ( M~n~ ) + -i-- ( M~ n2 v2
) = m C M

2 
(10)

a a --
~

— ( M
1 
v
1 
n
1
) + ~~~~

- ( M
1
v
1
n
1
v
1
+P
1

) = -r M
1
v
1 

( i S)

a a
~

— ( M
2 

V
2 

n2) + 
~~ 

( M 2 v 2 n 2 v 2 + P
2
) = rn 1’ M~ v2 

(l’~)

.
~~~

— (U
1 

n
1 

+ U
2 

n
2
) + -~~~

_ (U
1
n
1
v
1
+U

2
n2

v
2

+P
1
v
1

+P
2
v
2

) -r U
1
+m U

2
( 2 0)

The five n~uations (16-20) possess real characteristics and therefore

always admit a steady wave characterized by a speed ID. We can determine the speed
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. n.al . vti c-ally along with the shape of the wave by replacing the time ierivative

3
by -D —

3t  lx

after which we arrive at five coupled nonlinear first or- Icr ordinary differ-

ential equations in the unknowns {n , n , v
1
, v

2
, and T}.

The system ~Ien n~ .; on the followir~g set of adjustable parameters :

{M 2, m , E, b
1
, b2, a ; ~~~, T }

If we den~ t~ - t h -  inw— ; rt’nsure ener gy—r ich 1 mi t at (x-a-~ ) hy the :-uh—

scri pt zero , tho r. he h e n  ~ary con-i ti onr >re

= -~~ — , wh ~~cr  i - ;  r i v e r

n 20 = 0

T = the  wn h c c k e -~ r .r ;  - i - - a t  u r -  -
0

v
10

0

Likewise if we denote the high—pressure low-energy limit at (x -a-_ .) by

the subscript one , then the boundary condi tions are :

= 0

c’2l . .
= -~~-— , which is given

2

L . . . . - . - --- ________________ 
_ _ _
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>)nl’,- one of these two conditions along with the other four form the complete

- n t  of dcterm i~ ators for the 1- we-Taint boundary-value problem . The other

co::~ itiori above falls out,

The adjustabl e parameters which most concern us are {b1, E, m , and

The other three parameters re pr~. t ty well boxed in hy nature , namely :

T = 300°K0

M , 30 g/g mole

b9 z .01 t/g mole
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~~I . C-mc usions

Wi ’ - are  s e l L-  i t  h~~~~- 1  or t - study t t -  s e n - ; i ’ i - i i t y  • - r , . o - - (  i -

to  t h e  r o a r -  ; a r - I m - - t -r  °l ’ I , A -~~ , -and m or- s. The r ,- s i t -  of t h -  I : r - - g r i t  I r e

- a n  be s i m p l i f i e d  since x i s  an ignorable co > r d i ei t a ’ , whH- l m e-ann

p lot {n ~~, n 2 , V
1 

and v 0 } or t l a  ;u i v , a l - - : t  on a t r i O  - ‘ - i - i t s :  • -  or

scale .  Over and above wha t w. - p lan to 1. - aria from the inclusion of t hr ’ -n -r g - >--

a- ,a tt le—a r- ur- i  r actor -
~ i - : - 1 - a ’ , . - I I : ;  i s  ( t )  , w. -~ Ire a:- -- jntera-nteu i:

iir-:l - a - ,- i r ar the sha: - e of the  r n :  - - :  > r u r - ~- r :  1- - -arsi t h~ : - r o f i l -  of total rm~~ es

t gas/unit - . urn - - . Neither -l thr ’se -nir a r a t i t  i - -n  has hj’her-to been s-:::. - - f u l l - ;

predic  red .

I r a  ~- : n t  ion w- - will - - ta ’ ho t ~ . an - in  u ’ ’  i - - a l  xp - r - t ’ s !an  for th-

c h . a r a  t ’ - n i  :11. :  spr -ed D as w -  -,s a s r - i - I a - H l ’ ! .  s to

ft. - - nv - : ,  ; -  ar - ~~m’ ter - of ‘I. nv ;

A i o n c  w I t h t ~
‘ I ‘‘i , .- : -o’ tv • i n > :  - 

- 
- r r . -  profiler ; , ;~‘- - r - -

st— i ~n ‘n:’ ‘‘ - - :: -s: f — - - r t ’’ . n i : r , ::--art- -~ v f t i t  -- : et  ~f -en- i~ tjon r :ar :- r wh~ — n ti e

— . - : n - a — I n ~:- a ’:- - - - n:a- he :-r - -s - - a c - a t ’ I . - : 1  - will 11 - ut l> t~ h rn : - he

- t  ‘ a - ; - a ; - a - - t a - : - - t i   of ‘ . - l i H - r . n~~i - ai - : t ~~ ra as well -e - f rom

- - s .  a t - a ’ a I u -I ’;  oi  s en n i ’  iv  i1, y to t i e  even p arametern

~~~- - r i - r i a -h ow— - :a :- rucr ar in wn! u- -ma - -,- - i s  -
~~~ nonste a-iv ,

rail a w a n  ‘ -  c . ’ i - n ; ;  i s  c - i r r i -  - - in -i us .-d t o  I n t - - i - n i : - :  m e  c l .~ r i. ‘ ‘ r i s t i s

r - i l i a l  S~ ’;e i.  ~~
- wi l l  ‘ n -ar r-v ‘ut a : - - r t u r l a r i - — n i  u r a a l v n i n  to t- - ’ - - r - m in r -

r a d i a l  loss in  th e  propagation - f  - a “plane” W aV e  in a -- 1 i n  I ’ :- of finite

I i  a r - ~ ’-

I - result will be sb- ; I- - d - g-i I :-c - . ’ t i e  Lvr i r i g ,  l ow , - , 11sf I a. ~ , 1-ar I in

model wI .i> :b -urr ves i t  Th e answer:

= 1  ( s I )



n 
-

.
- -  - --

Wile:-.-

a Chapman—Joug et a:> ’: - l t~~~’tra

d = charge d i . ,m ’.” er-

*D ma ’ ,’ a : -  ; - - , e n >  - detonat ion v. -~ i - . ~ty

fl = Jet  ~n - a t  io:a V. - ’ ‘ C ~ ‘,‘ a ‘ f i ni

In a :- :-i vir4g a • n’- 1— 7 nr~n Ii 1 1’-;;c:’is->l a l - -ov.  , w.- have i r > v ~~~o- I - a  nun i

L i t  - : ng - i n ;  - ‘rr ~ t i-m a in order - : iImn -: he ,ve~’ a~~ -r ,~ hem - at I -~~~

‘ a  u: ’  - i f  i > - scheme w I , :; -
~~ :1 : ‘- - - ‘- -

- • ter I zed . - - a - - sum; ‘ - :1  - -

nkacl. - i t  h r m , — ’ z ’~oa I I - ‘ a - , - a - f - hem - -a: .  bc ~
- -n ’ - I ;  -a I i t ’ -

n - > ,  - h — -n : r ’ > ,’r - t ’ - ,  - an t ; n v  —m , -~- m l  I ‘- .~~~~~ -‘ ‘ t - : I , ’t, : m- - ‘ n -i:- :;.:iv: -~u-~1

removals w i l l  in u:’r , b- . m u l ied I - ,’ r ne i-e ns I .~~~ 1> ’ - f i r - ’ c - r p u t  . -  s • : • -  -

In oth er wor m , W e ar . - ; • - ’ . 5 , . t S ’ -  St  ag ’ V 1 r- a- Is a Iv i n .  - °r : o r , r  in.,’ -r - -arid

tr ier .- - ’- . i - -: ’• : ’ , in : ’ - ‘; - -  model. P ‘ - . :, -w n . ’v i  - ‘ I ’ m’. -in -, :

i n - t m - a ’’- n-, -a.- ‘h- -v nr rh ’ :>e r - . - ” - o;- a ,

1. ‘ - tO ’ m n c v  of ‘p  1 1 1 ’ -

a : - - a ’; a 1 ~- ab ’- an E i : , , : , n i r th . - > r .- , -~ > ‘ - I - .- - - 5 ’  rn , and a B I a- ~ an >

Ic ~~. - - ‘ in ai d.’:- om i n - -r ~ a ’; inp  :c’n: .-x i  ty . In tI ’ - - in ’ . , - - - -

in. ~~ ,
‘ the- : ~~- r b . - o : - -,’ , ‘ ‘ : - n i I  is h.- -v~ i n ; ,‘i vc-:, I ,’

~
( 

h~~~~~

)

~ 
( 2 1)

~~~~ have used n- high ‘ - --- ; en  a ’ ure lim it 01 ( 2 2 ) .  Th.--r.- is no :-r - 1~len is :-r’-

gramming t h e  full equation . ~~
- must ~h.’n nrr>’,’ i - i.- an a-i-Iitiona l n ’ - t  of ;‘- i r - a n ’n i - - r r ;

Iv , . ) .
11
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2. The ~ov>~l urr ,~- equat ion-of - m

The explosive r n ’  H : ul - - - ar ’- actually in t l , e  :- -riarensed :. ‘ , a T  . -  in the ambient

a’ ’ -g tOfl , t n i a ’  Jec-orn~ -en ‘ Pi t; ; - r - ; ’  t> ;c  -
‘ - i i  — 1: i ~‘~a1y - - ized gas . Togeth’ - a be

mixtur e is probably n- - - - - J c ’s - t : - i ba - - ~ as a I i qn  : w i t h  g a s — i !  kt ’ de mr e -~n ~I r a ir,

a l l  -w- ’ I. Such a mix u: ’’ is best  :~ - >~~~
- : :- ~ - i -v the I ,‘t ;  i f  I cant s t a — u a  ‘ n : - - ’ - the-;r’j ,

- Is - an-. a - - -~ 1:1~.- ~ ..- - . - -~ - a - .~i : , ( c  n- n ’a - - : -  co .‘ — A ,- a i n  n- i’ - ; - i t  ,n-i’ - ‘ - -n - -

a: - .- a t b ’ : to the - •ensit i’.’ity - - t u  I’; .

1, N . - .’ : . - -
~~ o’ r ; ’ - a n  ‘:- a n: - - t ’ -: ’ , di ff ’j ’ I • a r .~ : ‘.- i n c o e !  n - ,

- ‘ tI ; ’ - - ’’ - hree ‘‘I I - 
. 

-
~~

- feel am h’ mo - n mm - ‘ an , ’ -‘n, ’ -  - ‘  r-r a ’ t i n ’ : is

heat tr-arrst ”r. This ‘t ’f.’- ’m -i~bJ- ’- to the righthand side of mb ’ energy :- .-a P an . c e  a

- ‘rn -  of - m a - ’

C

C - A V T

-an t where A i n ; th~ the r~~1 ron -lu - ivit- ,’ . Tb’- Ir a - :- ,tH- : ;  of ft! n t e rn  has

in i n: i r t~~n t  a.’Ifa.n c ’ u :-on he -~iroper t ie : .  ( h a -  ; t t  ‘ - r ’ - n t i - .  ‘-- ~~- a Hn> - . ~

n ar~ges h ’-m’ r~~ om~ 1ete 1’~ hv~> er boi i - 5; a t  - l  i c - r i -it -‘rho 1 i c .  The he a

f L’- -w v~ ctor q in ’ r-~- - f ur t h e r  d i s s ip a t i o n  an -  a ha -° - a I - - m n furrier ftc shook

wave . Jus t how n’j’-h ~ r~ a I ’-r in .‘ in import -ant - -
~ -I . -  t ’ - r —,inc ’ ,

‘a . The L .nn-~ .--l _ t nraiocuI e kIn’- ’ I -

The uminn .—i ”m ’uL -jr ‘- ‘eactior ~ i’ :. - un -” i in- t h i s  ‘r- -c ’”i’-nt is on -a. i n ;

which the v ar i mu ’  ~ n l ’-cu1ar  nr ecic ’-, n decot~ osi’ion - - a - .’- - been l a m ; -”  I in ’~

one -iv’-race 11 i ’ - — 
‘-‘ , “ :u l  “ . In other w- ’r -l - - • w’- -a :; Joe t h - a ’ h ’ r’ ‘ x l

a homodiatomic mm L” -~ule wt ; -;’;’- molecul ar weight cc-rr ’-ns ; ‘ira -I n ; t -  I ’ -  - a v e r i ,-

—- - - - -- - - - -- - - - - - - - -- - —-—--



_ _  

~1

molecular  w .-  i , ’ht - :  a -oml;u:; l o u  ~‘ a:; mixture - — a - i  -o - - :  o f  {CO , H20, C02 ,  H2 ,

0 • OH • ,~~~~~~~~~~~
. .  } , W . ’ t . o -  I t ii  a t  , i f the a ;; rox I rn. a te program b -a~ ed on

(A
1 t’i A , ) t i t  ; >  ~u t  t o  be -;u, -- ’ - : - - -ful , t b’-:; I’ a - a n  r ”~a c I i i y  be ~‘a.’ :aea - - a 1iz , ’ci  to u

‘-I ‘, :-~ a - a r e  a ” - a > - t  ion sc ii ’- ;r ’ a: ,  ‘ - - - - n ’, 1. - I  -wi’ : ~ x - - t  i n a g  er ie :  - a v a i l a b l e

a -; n - ‘a the je’ . i n i  s a t, I n - t  m m >  n I -  mn; ; - - : m ~ ’:, - - n - I - u :  - I o j  
~~ - ~quil  ibria Such

as t b - a t  ‘f J :-i ;noon , P i n ;  n i , ’ • an - i Wh i te
1 

• a t >  I i ~ it  s an - a d  Wr oL:e ~
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Appendix

The ~- ‘vo tu rn ’- e a ; ua t  Hn-’of — -: a t , ’ ( - m  i m. -r-w i - - - -  ~ t O ’wt ;  a;: A t - - I n ’ -lu - at i - n )  1’.

- ;  i n - ;  lv :

p ( V  - B) — N R T ( .  ~
)

wi; - :- - - B I: ; t t ; - - volume .r which P ~~~. We c - a il ‘ cl ‘ iim ’ ‘ h-a:’d ’’ i - l a , :’ - - . L. t

un:  denote

( a )

t L - - number ‘f rn - :~~- ‘ v L a t n ’ - ama-I

b

mb- - ‘‘ia ,a~ :‘‘ ‘‘:‘ l5m’- /n’~’ie . Then (i -a) can be r’e wr -i n -  n i n .  m b - -  - m n - . t - r  -a a:. - —

>-o ‘m;- - -’rat ’n t ga s

P(i - b n) n P T ( > 2 )

I n >  he c , - : ‘‘ cat a rmm u I -r--mn -:,onc- n mm’. ix: ure , t I;’ ‘ - ‘ t , a l  m n -~ - is ,‘ a VE? fl 5’,’

PU — E 1 . = n R T (>
~a)

I;, a.’:-: i n ,  ( ha ) we t . i ~; - a - , - -unns - ‘ h a t  t n -  various “hard” vnlume:~ {b. }

~ tm in .- a n - I ’,’ . 5 ~W ~- - - w ~ I e ( ~ ) in r h~- f~ - r m ’

= E n-a . (P T  t b. P) (7a.
1

Tn ’ the  p-3 r ta  11 m ’-r ,- ’; ,U r e  Is -H al ta- - i  by lrmp ;-in g t h -  :, ;mr n-m - a n  ion si~’n • -
~ 

- :

a~: - a i n  invokes the  -a.,: am~ ~ ion - - f  l i n ea r  ad~~it i’;i ty in --xi . - ’  1: the same t . a - -h a ) f l

P ~~~(Ofl t i  ~ ~~n- a mixture of ; ‘- r t ’- - t  gases , Thu- v’

= ni ( FT  + b
1
P).

Afte r eliminating p between (7a) an-I (‘ .-a ) . we recover (15) of the main text ,

- -~~~~~ 
S ,‘~~- 5 ’ -- - - 
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Abs t i- a c t ; ;  tr’om previous publica t ions

“ I- all-Off from Extrapolated Values of All Chemical Reactions at Very Hi gh
Temperatures” , by Henry Eyr ing  and An-Lu Leu , Proc . Natl. Acad. Sci. USA 72,
1717-1719 (May 1975). —

At hi gh temperatures the breaking of chemical bonds becomes relatively
a ’d;;y and the slow step in a chemical :-‘~ a nt i on shift s to the rate at which energy
can seep into the bond that is to break. This has been observed by various
inves t i gators . A new general theory of react ions  is developed here to explain
this limiting rate at high temperatures. I:. t i e case of cyclopropane and cyclo-
butane the theory leads to t h e  conclusion that 20 degrees of freedom form a heat
reservoir which  feeds the  p-,’ into the carbon bond that  is to break and that
this rate becomes c> - n > t r ’ o f l i n o  above ibout 1200°K . This would correspond to 20
of the 21 vibra tion al bonds of cyciopr - ’. ;p in e  f e e d in g  energy into the carbon bond
tha t  is to break , and ther e  would be no n o t i co i hi e  rise in the number of bonds for
cyclobu tane .  This theory is e s p e c ia l l y  imn :~o r ’ i n m > t  for  shock tubes and detonations ,
where t h i s  f a l l i ng -o f f  from the e x t r a po l at -~.1 low ‘ion: e t - i t-u r e  rate becomes glaring-
ly obvious .

‘‘Sjnw v jb r a rj o n a~ ty a c t l v a  ted react  j O n a s  at  h i c h a  tent : ‘ - a  - > t  n t -  - ‘‘ , by H e n ry  Eyr ing ,
l’ r i . - . t 1.-v M a - Ja l  Address , A p r i l  7 , 1q75 .

I n >  t t l l S  P r - i . -: ; ’~ joy a- l i  - -- a I u s - I  st -aa-v.a ~ I : ~ i m. - t ics me - -x ; 1 ~in Slow r’~- -a t i n ;
a- - a t - - in  - ‘x , lea ; i yes

“A L in - i t - l r ion  t -  ‘ h~ - Mix - -i  P a t - - n - t i  > 1 Ccn cE-t: t of M- - t a l  C o r r o s i o n > ’’ , by T . N .
A m n ; I  - - n , M . H. Chandehari , O n - i  H .  [“ring , J. [Ho e  -ch;em , Soc, 172 , 1580—1585
( t - j 7 5 ) ,  —

The nrm- °sior; of - ooner in ax ’,~’c- r i s t e J  suit u r i c  ac t -I sd -nt i c - r n  was studied
i-v T ;S of wei ght—loss sn— J po ~r lsat i-:-’r; ~ur ve~~. At a g i v en po ’~ -r ’ lot , the rate
of :o;’p”r dissolution i - a  ~re.-a’ier i n ; ‘H ; re-aom ~

,:; ti; >:; I:; the absence of oxygen
reduc tion , which is contrary no the c o nv e n t i - : ; .  t I  tbec- rv of n i x e d  po ten t ia l s .  An
explana t ion  of this pb ” : -n m e m - ca in  ;~ro - ~, :‘: i an t t - -  :- a - is of ct . ’ -r’r J c - a l  o m ’ ’ack  by
dissolved oxygen on the  Cu ions wh infa an - ,- in;t- -rnrae - hi a t ’ - .; ir, the  electrochemical
copper oxidat ion scheme , The rmo del is f u rt h er  v - - n i f  ed I-y results of vary ing  th e
solution agitat ion rate , ac t I s t r - - n ,- t b . ,  a n ,  - n-n v c. ’:; p ar t  lal  :r es :;u re .

“The Electrochemical Reduction of Gxypt -;n on n-- a m ’ - ; -  in D • - ; t -  - u I : h . -i r i  A- i d
Solutions”, by N, H. Ghandehari , T. N .  A n — I a ’ r - - a . n . ,  ca r > a I  H.  E v r i r > j ’ , P o r n ,  Sc i .  1: ,
123—135 ( 1976) .

The electrolytic reduction a: 0 , on Cs W c  s t u - i i . ’ - I  in - i l i u m -  H . hO~ by
steady—state and transient elc-ctr i- , n h > P m i . :  ‘. ‘:ci ;ra i qu~- :: . A l i - a t  n c ’i  i’~s hum p
(i. e- . a current maximum) is ohserv .- -I in  t h e  :;teacl y—state ro~entios 1 .it. ic ;- ol - an i—
zation curve approximately 50 mV negative to ‘1.: o;’era ~~c i r - - u - t  corrosion :-otenti al ,
Resul ts of transien t studies , of v .arving the s- lu t i - o n  ag i t a t i o n , and vary ing
the concentrations of oxygen , sulphur ic  a c i d , and sulphate ions indicate that



- -

the hump is due t o  : at h o d i c  film formation wuich inhibits the rate of oxygen
reduction. The inhibiting film a l - ;” - a r ~

; to be composed of i n t e r me di a t e s  from
the 0, reduc ion process and also may contain adsorbed sulphate ions . The film
is rer~aeve i un-ar c- ’rrosion conditions by rapid dissolution of the substrate
co~~;-er . l I x t a - u p - - l a r i o n  of the cathodic Tafel curve to the corrosion potential
yields corrosion n - a t - s  owe r than those measured because of the cathodic
p.a;;sivat ion .

“ S i g n i t i ~~a n r  s t r uc tu re  m h€ -ory a p p l i . d  to phase separ at ion ”, by Suck-Hyun Lee ,
Mu tI h Ik Jhon , and Henr y Eyring , Proc. Nati. Acad. Sd .  USA 74, 10-12 (1977).

The - i g n i f i c a n t  s t ruc ture  theory of li quids has been applied to the part ial ly
m i s c i b l e  S’s m om of the 0
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2 
mixture , which e~ h ib i t s  partial miscibi l i ty in

t u e  t empera ture  range from -195.5 C to -179.9 C .  The thermodynamic condition
f ar  ‘b a S e  separation is given by the fol lowi ng inequality :

(a
2 G i

~~~~~~~ o.
3x .~ /T.P

A no r m  ition function For- the binary liquid mix ture is deve loped usi ng si g n i f i c a n t
li qui.~ structure theory . Here X. is the mole fraction of either of the two
c o n : - on en t : -: . We obtain the coexi~ tence curve of the 0
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2 
sys tem by vary ing the

mole f r a c t i o n s  of the components to f i n d  the temperature  at which the two liquid s
separ-ate. The agreement between theory and experiment is satisfactory .

“Effects of Oxygen en the  Mechanism of Cadmium D i s s o l u t i o n  in  S u l f a te  S o l u t ion s ” ,
lay P .  N .  Andersen , M.  H .  Chandehar i , E.  Feng , and H.  E yr i n g , J. Elec t rochem.  Soc .
iC > a , q77—981 (1977).

The dissolution rate of cadmium was measured in various nitrogen- and
oxygen-saturated acidic sulfate solutions under potentiostatic conditions . At
i given poten ti.’tI , the dissolution rate was found to be greater in °2~

’ than in
N ,-saturated solutions . A dissolution mechanism is proposed which explains th is
pFienomena as well as results from tests in which potential , solu tion ~gitation ,
and solution composition were varied. According to this mechanism ions
are formed as intermediates and are then oxidized to the product Cd ions by
a chemical path involving 0

2 
as well as by the conventional eI~ectrochemical p a t h .

“Predict ion of Atmospheric  Corrosion Rates ”

Atmospheric corrosion of army equipment  protected by a metal  co at i n g  such - a -
z inc or cadmium ~an be predicted with useful engineering accuracy by our
S (1 1- exp k

1
(— - ‘r1

) ) ” 1 . Here S is the frac tional l i f e t i me of the p r - o t ’ - n t i v -
coating and t an~ w are the ag e and w e i a ’i.t per u n i t  area of the coa t i ng  r e - a l - e r ’ iv r - I ’f .
The two parameters k

1 
and ‘1

1 
are the  rate of corrosion and h a l f  l i t . -  r e n p e c t i v ’ - I y

for a particular region when w:l and must at  present  be determined by two exper i -
mental  measurements for each type of c l ima te .  However , when these two m e a s u r e m en t s
are made and the parameters determined the resulting equation has hi gh ly  u s e f u l
predictive value of corrosi on resistance for this are a .
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