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F ina l  Report on “Analysis and Degradation Study o f  Salccmine” 
Service Direct ivo KL-342 , ,  
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Endorsement (1) From E. P. Stevenson, Chief; D i v i s j  
f t he  National Defense Research Committee. 

Forwarding r e p o r t  and noting: 

“This r e p o r t  may be considered as pzirt 11 of  t1:e du Font work 
on the  Salcomine program; it prcsen t s  a d e t a i l e d  study 0.f 
the degradation of Salcomine, including methods o f  m a l y s i s  6 

Par t  I (OSRD NO.  1616) trea?;s of‘ engineerjng aspects  o f  oxygcn 
gencrat ion from Salcomine ,” 

j 

This i s  a f i n a l  r epor t  under Contract 11-39?, OEPlsr-604 with E: I .  du 
Fbnt de Ncmours and’ccmpany. 
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O f f ' l c i a l  I n v e s t i g a t o r :  A .  T .  L,ai~soii 
Authors: E. M .  Smith,  E. C .  Ashby 

S;lcomine can become in.act;lve by both  p h y s i c e l  

I n  n r a c t i c e ,  t he  most 
and chemical cnanges. A t  l e a s t  one i i iact . ive form, " ine r t  
r e d  .isoiner", has been i d e n t i f i e d .  
p robnble  reegents for t h e  degrad.at,i.on of Se.lcomine are 
wr-ter and oxygen. 
p r 0 p e r t i . e ~  of S t ~ l c o m i n e  i n d i c a t e  that; w t e r  a lone  should  
have l i t t l e  d .e lc ter i .ous e f f ' e c t ;  oxy,~t;;l, however,  p a r t i c u l a r l y  
i n  t h e  p resecce  of' water, mi.ght g ~ v e  ir.ise t o  a nuniber of re -  
a c t i o n s ,  any of vj-!ich would r e s u i t ,  i n  i.nac tj.ve products  t1ia.t 
initially di f f e r e d  l i t t l e  3-11 f o ~ ~ x 1 . 1 1 ~  f rom t.hc si-igj.na,l. 
mater i z i  1 , 

Considera t ion  of  t h e  s t r u c t u r e  and 

CHZ CE2 I 
L' I .  I; 1 
I ,w = (; 

I / 

It  seems agpeiient from t h e  d a t a  p r e s e n t e d  i n  t n e  r e p o r t s  of' 
Ca lv in  and D l e h l ,  r e s p e c t i v e l y ,  t h a t  I n t r o d u c t i o n  of oxygen as 
hydroxyl  on t h e  ar1omatlc nuc leus  i n  . sos i t i ons  2 9  4,  5 o r  6 
should  r e s u l t  i n  an  I n a c t i v e  material ,  as does i r r e v e r s i b l e  
o x i d a t i v e  addi tLon of hydroxyl t o  t h e  c o b a l t .  I r r e v e r s i b l e  
severance  of any bond or a d d i t i o n  o f  oxygen a t  any bond out -  
s i d e  t h e  aroniatfc  r i n g  would almost cer ta in1.y de;: c t i v a t e  t h e  
molecule.  I n  oLher words, any reactrilon wherebg' oxygen i s  
added I r r e v e r s i b l y  t o  the Salcomlne  molecule should r e s u l t  
i n  an lnacti ' .ve compound. 

Tl ic  anaiys1.s o f  degradcd Pcnlcomine should p r o v i d e  
i n f  orrnation on t h e  amount of undegrnded rnaterial remalning 
and on t h e  n a t u r e s  and amounts 01 the  va r jous  deg rada t ion  
subs tances  which may i n c l u d e  inert isomers a.s well as end 
p roduc t s  o f  a. s e r i e s  of r e a c t i o n s .  

Th i s  repf i r t  p r e s e n t s  d e t a i l s  on t h e  procedures  
which have been developed t o  datc for t h e  q u a n t i t a t i v e  
a n a l y s i s  of Ealconine.  The app l i ca t ion  of t h e s e  procedures  

1259885 
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t o  t he  a n a l y s i s  o f  a s e r i e s  of' satiiples p r o g r e s s i v e l y  degraded 
under carefully c o n t r o l l e d  c o n d i t i o n s  may l e a d  to a c l e a r e r  
unders tanding  of t h e  mechanism of deg rada t ion  under the 
c ondi t 1 ons ch o s en. 

It shou ld  bi? remembered t h a t  SPlcomine samples, 
p a r t i c u l a r l y  those  degraded I n  l a r g e  equipment, niay not  
be homogeneous; fu r the rmore ,  Yalcornine ma.y change i n  composi- 
t i o n  on long  stending a t  room temperature 8,s indica. . ted by 
dec rease  i n  ca?ac l ty .  

I n  t h i s  reBort two se.xples o f  undegraded (35-174 
and Rumford C.P . )  a . id  two samples of  degrnded (1,-1 and 
L-2) SalcomPr,e have been st ' iidisd i n  some d e t a i l .  P 
d e s c r i p t i o n  of  these ssmgles i s  con-tained i n  Table I .  

No. - 
1 FL-174 

D e s c r i p t i o n  ___.---- D;.te Rec 'd  -. IS a me -- 

8/17/42 R u m f  o r d  Saleornine, part  of 
l a r g e  shipment f o y  semi- 
L * T O P ~ C S  stud:: by GuFQnt 

2 Rumford CP* 

3 L-1** 

4 L-2** 

R u m f  o r d  H1. gh-high Ealcomine 
P h a l l o w  bed, 1350 cyc le s ,  8Qi' 

2:$ of o r i g i n a l  s a t u r a t i o n  a t  

/Pee? bed, 600 cyc le s ,  8Qf p s i  

of' o r i g i n a l  s a t u r a t i o n  czt 
( eo!) c y c l e s  

p s i  and 1 atni., M . I . T .  

12/23/42 

( 1350 c y c l e s  

12/23/42 Rurill'md H3- $-high Salcomine 

rni! 1 F t m . ,  M.T .T .  

*Refer  l e t t F r ,  W .  E .  Catte-rtill to 3. M .  Smith, 6/12/43 
**Refer letter, F. 2. Dacon t o  3 .  T. Lnrson, 12/16/42 

1. Methods a re  presented foiq t h e  c luant i ta , t ivc 
a n a l y s i s  o f  Selzomine. 
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2 .  Four samples were ai-xilyzed by t h e s e  methods 
and t h e  r e s u l t s  i n t e r p r e t e d  2,s i ' o l lows  (composi t ions I n  
moles p e r  t e n  moles of c o b a l t ) :  

Fragments - 
C o inp o und s D e -  

Max. o f  g r 2, de d 
Capa- $alcominc: Alde- Pm-  Alde- Go- 
c j . t g *  l ? o i ~ ~ ~ u l a * *  hyde Ac id  monie hyde b a l t  -___ ~ _ _  -- __ ____ $ample 

e___ 

SL-174 (Un- 
degrad-ed) 83 9.2 

Rumford CP 
(Undegraded) 80 9 .3  13.3 0.5 0.5 0.4 0.7 

L-1 (Degraded) 9 6.8 1.2 2.6 4.5 2.5 3.2 
L-2 (Degrcaed) 12 . 4 I..$ 3.-. - c 3*_. c. 0.3 2.6 -7 

3 .  Fie  p e a t  d i spar i t ; ,  betweer! the $ m a x i m u m  
c a p a c l t g  tind t h e  content  oi colipcuncis o f  Sz1co;iiine in3 formula 
i n d i c a t e d  t h e  pl3escnce o f  j n e r t  " i samers" .  
should have t h c  gene ra l  s t r u c t u r a l  arrangement ol' a c t i v e  
Salcomine b u t  probably were a t  l e a s t  p a r t i a l l y  i n  t h e  
c o b a l t i c  fo r in  and p o s s i b l y  contE5fi wtter of  hgdrolysfs. 

lnese "Lsorners" 

8. A mechanism Is 7ro;oosed for zhe formations 
of t h e  obscrved degrada t lon  Tragnients. 

5. A procedure j.s recommended for t h e  chemlcal 
analysis of degrzded Selconilne. 

111. EXPERIMENTAL: ANALYTICAL - PROCEDURES c_ AIYD REFULTS -- 
A .  E lement r l  Anelyses --__ --____I_- 

D i r e c t  anz lyses  w6re m a d P  for t o t e l  oxygen, 
n i t r o g e n  and c o b s l t ,  r e s p e c t l v e l y ,  as wcll zs f o r  mr 
cen t  v o l a t i l e  at 1 . l O " C .  Lnd c:&paci ty .  

(1) ' i lo ta l  -- Oxygen 

The oxygen was determined by a txodif icet ion of  
Ter Meulen's procedure*** i n  whicn l O O - l C , C  nig. of' sample 

*$ Max. C a m c i t y  vas def'lned as ( m g .  0 absorbed pe r  
- _ - _ -  

10 m m l .  C O )  160 ( s c c t i o n  IiIA, T ~ S I C  r n - ) .  
**:ee paragraph 3 .  

***See Cramer, F, jothun anci Oneacre, Pro.  Rub. Tech. 
Conf., 572 (1938). 
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was hea ted  f i rs t  In a stremi of' dry hydrogen a.L 200°C. t o  
remove all v o l a t i l e  m a t e r l e l  (wlLich wa.s d i sca rded)  a f t e r  
which t h e  sample was hea ted  i n  hydrogen above 400°C. u f i t i l  
completely decomgosed. The decomposition gases were passed 
slowly over a n i c k e l  hydrogenat ion c a t a l y s t  and then  through 
a t ra .p  at -80°C. which r e t a i n e d  a l l  t h e  moisture  and l i t t l e  
e l s e .  When decomposition was ccrnplete, t h e  t ra .p  was evacuated 
a t  10-3 mm. a t  -80°C. t o  rErnove hydrogen; t h e  volume of  water  
vapor i n  t h e  t r a p  was then  measured e.t cons tan t  tempereture  
and p r e s s u r e  ( b e l o v  s a t u r a t i o n )  a;xl f ina l - ly  t e s t e d  for p r i . t y  
by abso rp t ion  I n  8. P 2 0 K  tube .  
de t ermina.1; I on 

The onzlyses,  i n  ovlcler o r  t h e i r  
were as' f o i 1 ow s : 

~ ~ - 1 7 4  
L - 1  
FL-174 
L-2 
SL-174 

The observed va lue  for 21,-174 (9.6%) comesporid.ed 
t o  a m o l c c u l a  weight of  333 (9.5$ G 337) as co  nipared t o  
339 from t h e  corresponding cob~ttlt c l m l y s e s  below. 

( 2 )  T o t a l  F i t r o g e n  

3 . 0  grams of saniple wes r.reighed i n t o  a.n 800 m l .  

___I--- 

K j e l d a h l  flask, t hen  50 ml. o f  6N s u l f u r i c  eel6 plus 400 ml. 
of water was added. The water  and aJdehyde were renoved 
by slow concentrat lon.  over  an open fla.me. When t h e  s a m p l e  
s t a r t e d  t o  decompose, 20 nl. o f  concent ra ted  s u l f u r i c  a c i d ,  
5..0 grams of  gotassiurn s u l f a t e ,  p l u s  a Finch o f  copper 
s e l e n a t e  c a t a l y s t  were added. The sample was then  d i g e s t e d  
over  a very ho t  flame for 3 hours .  J . f ter  c o p l e t e  d i g e s t i o n  
t h e  sa.mple WELS cooled, 250 m l .  of  wa.ter and 200 ml. of. 30% 
Na3H added, nnd tile ammonia was ste2.m d i s t i . l l e d  .:ffronl t h e  
a l k a . l i n e  s o l u t i o n .  The d i s t l l l a t e  vas c c l l e c t e d  i n  50 m l .  
of 0.5N hydroch lo r i c  a c i d  s o l u t i o n ,  a.nd t h e  a:?imonia determined 
by back titration w f t h  0.5N scdiiim hydroxlcie t o  methyl  m d  
i n d i c a t o r .  

(3) Total- Cobalt 

3 -0 ,grams of sample was i.~cighed d l r e c t l y  I n t o  a, 
t a r e d  platiniitx ~ d i s l i  and 75: m l .  o f  2R s u l f u r i c  a , c id  added. 
The satnple was then evaporated t o  dryness  under a n  i n f r a r e d  
lamp. The dry  sample w a s  p l a c e d  i n  a CcjnStFlllt temperature  
muff le  fu rnace  a t  400°C. and t r e a t e d  s e v e r a l  t ines  w i t h  a few 
drops o f  6~ su1fu r i . c  a c i d ,  h e a t t n g  cfter each t rea tmcnt ,  

-- 
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u n t i l  a c l e a n  red, homogeneous ~7.1'1; - v~as  obt,ained. The sample 
was f i n a l l y  hea ted  t o  cons t cn t  weight,  then  weighed FILS 
coba l tous  s u l f a t e ,  

A pla t inum dish conta . infng no sample w i ~ s  used as 
a t a r e  i n  wcighl-ne;. 

lt00' C .  w 3 . s  used as t h e  rnaxlirnurn safe tc-rperai;ure 
a t  which CoSG4 W<.S s t a b l e .  

li'he ziolecu1a.r weights  were ca l c i i l e t ed  as t h e  grams 
of  sample. required. t o  coritnin one pa.m-atom of' c o b a l t .  Ylius, 
"10 mnl.. of sample" r n e a ~ t  that weigli-t of r a t e r r i a l  con ta in ing  
1 0  m m l .  of' c o b a l t .  

3.0 grams of  sample vas weighed i n t o  a t a r e d  
t a l l  f o r m  g l e s s  capped weighing b o t t l e  and hea ted  in a 
c o n s t a n t  tempera ture  oven i n  a slow s t ream of  nitrogen f o r  
90 minutes a t  110°C. While s t i l l  h o t  t h e  cap s~as  p l aced  
on t h e  b o t t l e  wii4ch was t n e n  al lowed t o  c o o l  i n  a n i t r o g e n  
desiccator and finally weighed ( t i g h t l y  stoppered) a g a i n s t  
the t a r e .  

l'he deoxid ized  sample f r o a  (4) above was then  
p l aced  i n  an oxygen d e s i c c a t o r  and t h e  cap removed. After 
s t a n d i n g  overn ight  t h e  sawple w e s  recppped and weighed. 
(The sample vas then  t i t r a t e d  wi th  Karl F i s c h e r  r cagen t  
as d i s c u s s e d  i n  S e c t i o n  IIIC.) 

Notes on Elemental  Pne lyses  

( 2 )  ~ o t a . 1  Nitrogen - 

Using t h e  s t a n d a r d  yrocecl-Ire on pure conpounds, 
t h e  following r e s u l t s  were obtarined: 

Benzamide 11.57 
F a l i  cglami.de 10.22 
Ethylenediamine 31.70 

11.50 
i o .  i5 

31.50, 31.70 

(3) Tobal Cobsl t  

Using t h e  s tandare. p:-oced.ure on ?Lire CoC12- 6 H20 
t h e  recovered  $ Co was 24.87 as compared w:th 211.77 
t h e o r e t i c a l .  

1 2 5 9 8 8 9  
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L - l  2 .8 -I I . d 1- 1.0 15.0 3 
1 . 3 c! j I  4 L-2 2.4 l - . C ' T  

The o r  e t  icel  ci L.0 2. GO 1.0 16.0 

*The values f oi' ca.rbon-hycii-'ogan were c a l c u l a t e t i  
on t he  essimption that t h e  r e t i o  a f  c m b o n  t o  
hydrogen W ~ S  e x a c t l y  1. t o  1; a c t u s J l y ,  for pure 
Salcornirie et l e a s t ,  Llie ratio we,s 15/14. lr o t h e r  
words,  it wn.s  assumed in coin?>iling the C-H/Co ratios 
above th2.t the (C-II)  i n  each sample had an average 

Samnle c a l c u l a t l o n  ( f r o m  
Table I): "gram-atoms" of CLH p e r  100 grams for 
PL-174 = 60.3 5 13 = 4.64 .  Gram-a.torns 01' cobalt 
p e r  100 grams sample = 1.7.4 + K g  = 0.292.  
of C-H per 3,tom ol c o b a l t  = 1+,6b 0.295 = 13.7. 

atomic weight" of' 13. t I  

"1i.t oms I '  
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R e s u l t s  of t h e  above ana lyses  a r e  svmnarized i l l  
Tables  I ,  I1 and 111. It was apparent from t h e  data of 
Tables  I and I1 tha . t  unused Salconiine had a N/Co r a t i o  
s r m l l o r  t h a n  the  t h e o r e t i c a l  2.C. On cyc l ing ,  t h e  N / C o  
became s m a l l e r  s t i l l ,  the C-H/Co r e t i o  dropyed below t h e  
t h e o r e t i c a l  16.0 and t h e  O/Co r a t l o  i nc reased  abcve t h e  
t h e o r e t f c a l  2 .0 .  The d r o p  In C-H/Co r a t i o  m.s 3.n l i n e  w i t h  
exper imenta l  observations o f  ca,rbon oxides  in off-goses 
dur ing  c y c l i n g .  

In T'r.ble IIT o r e  p re sen ted  some f u r t h e r  d.atc2 on 
t h e  n a t u r e  of'  the m a t e r i a l s  v o l a t i l e  at 1.10OC. Eviden t ly  
t h e  off-ga.s i n  each cese was predoaiinrzntlg oxygen and water .  
The oxygen i n  t h e  off-gas corres?onded well .tc. the observed 
c a p a c i t y  i n  e l l  ci3.ses exczpt  t ha t  of L-2 w h i c h  p r e s u m b l y  
absorbed oxygen a,t a r e h t i v e l y  s low r a t e .  

B. Distillation Analyses 

As a r e s u l t  of' many t r i z l s ,  including d e t a i l e d  
c o n t r o l  e x n e r i u e n t s ,  a s t a n d a r d  sckeme of d i s t i l i a t l o n  
a n a l y s i s  was evolved and i s  preser i tec  be low.  
could  be modified by omi t t i ng  soine s teps  deFending on t h e  
emphasis to be placec! OR t h e  r e s u l t s ,  p a r t i c u l a r l y  as 
regarded  the aqueous a c i d - i n s o l u b l e  mater ia l .  ) 

3.0 grams of scn,mple was weighed i n t o  a (TS 29/42 
neck) 5.00 i n l .  round. bottom d i s t i l l 6 , t i o n  f l a s ' ~ ,  t hen  deoxi-  
d i zed  by h e a t i n g  f o r  1-1./2 hours  Lri a 1 1 C O C .  oven u h d e r  a 
s t r eam of n l t r o g e n .  

( T h i s  3c!ieme 

On i.ernova,l f rooi  t h e  oven t h e  f l a s k  wes tigh-tl-y 
s toppe red  mt i l  connected t o  cz modff i e d  Clafson head 
equipped w i t h  a s i n t e r e d  glass sparger extending t o  t h e  
bottom of t h e  f l a s k  and a. s e p a r a t o r y  f imnel  ( F i g .  1). A 
slow stream of' n i t r o g e n  was passed  through t h e  s p r g e r ,  
t h e n  t h e  flask s t o p p e r  wes qu5ckly 1.emoved and the f lask  
connected t o  t h e  d i s t i l l p u t i o n  a.p?arat?as. ?.. sl&gli t  p o s l t i v e  
p r e s s u r e  of n i t r o g e n  was maintained throughout  ' t h e  e n a l y s e s .  

(1) Aldehyde 

100 ml. of  1N sulfuric a c i d  was passed i n  
through t h e  s e p a r a t o r g  funne l  and 180 ml. of  d i s t i l l a t e  
removed a t  cons t an t  po t  volume (100 ml.) by the  continuous 
a d d i t i o n  of  w a t e r .  The d i s t i l l a t e  was p . s s e d  i n t o  70 m1. 
of 0. F N  hydroxylamine hydroch lo r ide  s o l u t i o n  i n  80% methanol 
which previously had been a d j u s t e d  t o  pII 2 . 5 .  The hydroxyl- 
amine hydroch lo r ide  was c o n t a h e d  i n  c?. 2EC m l .  gi-aduated 
r e c e i v e r  c a r r y i n g  a s i d e  arm. The tip 02 t h e  condenser was 
e longated  to r c a c h  n e a r l y  t o  the bottom of  t h e  r e c e i v e r  s o  
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t h a t  any aldehydc vapor was removed by scrubbinp; through 
t h e  carbonyl  reae;en t . Car'dori d ioxide  WP s tlien rclrnoved 
by t h e  barium hydroxide scrubber  rLttachec! t o  t h e  r e c e i v e r  s 
s i d e  arm. 

'i'he aldehyde ~ 2 . s  determined according t o  t h e  
stoich:Lometi7i.c res.cticjn, 1 7 .  CKC + E12NOH.h* = KCH=TYTOH + 1120 
+ H+, by p o t e n t i o m e t r i c  t f t r a t i i o n  w i t h  O._CrJ sodi.um hydroxide 
t o  t h e  pH of '  a c m t r o l  c o n s i s t i n g  of 7C ml. of' '2.5 ~ 1 - 1 ~  
0.5N hydroxylamine hydrochlor ide  s o l u t i o n  ;2lus 180 m l .  
o f  wa te r ,  

( 2 )  Steam V o l a t i l e  Acid f c r  Aldehyde Correc t ion  
and Total V o l s t 2 l e  A c i d  

The pot, was cooled a i d  a f ' resh r e c e i v e r  p laced  
on t? ie  ap-Jaretus .  An ad .d i t l ona l  1.80 :nl. of d i s t i l l a t e  
w e s  rerroved et c o n s t m t  p o t  volume (100  ml.); t h i s  (lis- 
t i l l a t e  was t i t r a t e d  w i t h  0 -  11: sod-i.unz l?ydro;;i.de t o  phenol- 
p h t h a l e i n  endpcin t  . Then an enpi:>j.cal c o r r e c t i o n  w8.s  made 
on t h e  aldehyde analysis  by sub t r a%ct ing  F O $  o f  t h e  t o t a l  
a c i d  i n  t h e  180 m i .  o f  d . i s t i l . l a t e  From t h e  aldehyde value;  
t h i  s c or r e c t I;_ cn M& s e s t a b 1 i s he d by p o t en t 1 o m e  t; r i c t i t r a t  1 on s 
t o  pH 2.5 on c o n t r o l s  c o n s i s t i n g  o i '  hgdrcxylainine hydro- 
c h l o r i d e ,  water  and sn l lcy l rEc  acid. (Salicylic a c i d  was 
i d e n t i f i e d  by t h e  o p t i c a l  examination of tlie d r i e d  e t h e r  
e x t r a c t  of t h i s  c u t . )  ,?l though t h e  50$ valuc used was 
e s t a b l l s h e d  e m p i r i c a l l y  ( It r e p r e s m t s  t h e  dff ' ference 
between t i t r a t i n g  t o  p H  '1.5 and t o  t h e  phenolphthal-ein 
e n d p o i n t ) ,  t h c  v o l a t i l e  a c i d  wc2s determi1;ed as above on 
each sample. 

The a.ci_d t i t e r  t o  phenolphtha le in  was mul t i -p l ied  
by a. f a c t o r  o f  two (on  tlie assumption t1ia.t ai? equal amount 
of  a c f d  was removed i n  t h e  aldehyde d i s t f l l a t i o n )  t.0 g i v e  
t h e  "Tota l  V o l a . t i l e  Acids". 

The po t  l i q u i d  was then  c o n c e n t r n t e d - t o  -50 ml, 
volume. The d i s c c i l l a t e  vas t i t r a t e d  w i t h  0.1-n? scciium 
hydroxide and t h e  a c i d  t i t e r  lnc luded  i r i  the c a l c u l e t i o n  
of  steam v o l a t l l e  acrid. 

( 3 )  Aqueous Ac1.d I n s o l u b l e  - --- 
The p o t  r e s i d u e  was f i l t e r e d  through a t m e d ,  

s i n t e r e d ,  glass-bot tomed c r u c i b l e  and t h e  a c i d - i n s o l u b l e  
material .  weighed a f t e r  dry ing  a t  110°C. 

The clear f i l t r a t e  w a s  ex t rac tec!  with 3 x 50 rnl .  
of' ethel.; t h e  ethei- ex t ra .c t  was set c s i d e  t o  be combined 
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wi th  a simllar ex t i -ac t  l a t e r  i n  t h e  analysis; the \facer- 
layer was r e t u r n e d  t c  the s t i l l .  

(5) Prnnonia 

To t h e  water  l a y e r  i n  t h e  pot  t n e r e  wzs added 
15 r n l .  of  concen t r a t ed  sodiunz hgCi-oxide (1: 1, CC,-free) 
and 200 1111.. of  metlianol. 200 ml. of dris-Li.llate was ~ e -  
moved, t h e  d i s t i l l a t e  b e h g  absorbed i n  FjO m l .  of 0 . lN 
hydroch lo r i c  a c i d  which vas  kcpt  a t  O ° C .  
t u r e  prevented  t ,he f'or.ma.ti.on of methyl c h l o r i d e  in the 
d i s t i l l a t e  while  t h e  methanol i n  the s t i l l  k e p t  the vapor 
p r e s s u r e  of ethyleiiedianzine s o  low that no a q x e c i a b l e  
q u a n t i t y  d i s t i l l e d .  Ammonia was determined by back titration 
of  t h e  d i s t l l l e t e  w i t h  0.1N- sodium iydroiCFde t o  mechyl red 
i n d i c a t o r .  (Anmonia was i d e n t i f i e d  i n  t h c s e  c u t s  by p r e p m a -  
t i o n  and de te rmina t ion  of' the opt ico.1 c o n s t a n t s  of  t h e  
p i c r a t e s . )  A well d i s p e r s e d  s t ream of  n t t r o g e n  wes neces-  
s a r y  i n  thi .s  o p e r a t i o n  t o  p revent  bzmpS.ng. 

--- 

(The low -tempere- 

6) Ethvlenedismine 

A f t e r  t h e  r enova l  of ammonia Lhe s e n a r a t o r g  funne l  
was f i l l e d  wi th  xylene,  then  ethylenediamine and water  
removed by cont inuous d i s t f l l a t i c n  w i t h  xylene.  F j l e n e  w e s  
removec? u n t i l  t h e  d i s t i l l a t e  silowed n o  al'.re.line t e s t  w i t h  
bromphenol b lue  ind jLcotor .  T h e  d i s t i l l a t e  w&s pcssed i n t o  
methanol t o  homogenize tile water-xylene layers, t h e n  e thy lene -  
diamine was determined by d i r e c t  t i t r c ? t i . o n  w i t h  0.5.N hydro- 
c h l o r i c  a..cid t o  bromphenol b lue  indl .ca . tor  . 
was i t i en t i f ' l ed  i n  t h e s e  c u t s  by t h e  o p t f c a l  c o n s t a n t s  of' 
t h e  p i c r a t e s . )  

(Ethylenediamine 

- (7) C8rbon Dioxj.de 

The po t  was r e e c i d i f i e d  by t h e  a d d i t i o n  of 
100 m l .  o f  3fl s u l f u r i c  acid., then  t h e  ofi"-gas from t h e  
d i s t i l l a t e  w a s  passed through t h e  ba.rlium IzydroxSde 
sc rubbe r  o r i g i n a l l y  used. (Most o f  t h e  GO2 was recovered  
a t  t h i s  p o i n t . )  The d i s t i l l a t e  was a g a i n  t i t r a t e d  with 
0.1N sodliurn hydraoxide t o  pheno lph tha le in  and t h e  t i .Ler 
i n c l u d e d  i n  t h e  c a l c u l a . t i &  of t c t a l  v o l a t i l e  a c i d .  The 
c o n t e n t s  of t h e  barium hydroxlde scru'ubeiq were washed i n t o  
a 600 m l .  beaker  u s ing  water ,  t h e  excess  barimi hydroxide 
t i t r c ? t e d  t o  pheno lph tha le in ,  20 grams o f  sodium c h l o r i d e  
p l u s  e recorded  excess  of hydrochlor2c a . c id  t hen  added, 
and t h e  ba r ium-ca rbona te  determined by back t i t r a t i o n  wi-th 
0. 2N barium hydroxide t o  methyl orange ind i .ca tor .  
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T h e  p o t  l i q u i d  from the  carbon d iox ide  d i s t i l l a t i o n  
was e x t r a c t e d  wi-th 3 x 50 t n l .  o f  e t h e r .  The e t h e r  e x t r a c t  
was combined wi th  t h n t  from s t e p  ('4) anc! weighed a f t e r  
evapora t ion  t o  dryness .  

(9) Residual  Ni t rogen  

Tile w n . t e r  l a y e r  i'rorn t h e  e t h e r  e x t r a c t i o n  was 
t ransrer red  t o  z2 K j e l d a h l  f ' l a s l c  m a  trc:-ated w i t h  20 ml. 
o f  concent ra ted  s u l f u r i c  acid., 5.0 gra.ms of' potassium 
su l f a t e ,  a.nc! a p h c h  of' copper s e l e n n t e  ca t~ . l .ys? ; .  The 
sample was then  d i g e s t e d  f o r  3 hours over an open flame. 
IVitrogen SJ&S determined as animox1f.a by K j e l d a h l  d i s t i l l e t i o r l .  

-.-._- --- 

( I.) P 1d.ehyde 

Contyol ex-nerimeiits 1 ~ s i n g  t he  procedure on 17-20 
m r n l s  . of p t r e  sa.li.c~lalde?.i3;c?e gave 39.8-100. I-$ recovery .  
With 7-18 m m l s .  of s a l i . c y l a l d . - e t ~ ~ g l e n e d i i m i n e  t h e  recovery  
was 100.0-100.2$. Sd . i cg la ldehyde  i n  the  presence  o f  
c o b a l t  o r  c o b a l t  plus ethylenediamine g&ve 100.1-100.~$ 
recovery . 

In t h e  presence  Ui' 5.5 m i ~ l .  of s a l i c y l i c  acid. ,  
114 m m l .  o f  s a l i c y l a l d e h y d e  gave 101.7$ recovery  (1.72 f 
0.24  rml. a c l d )  . 
n o t e  2) gave 0.24-0.42 mml. a c i d . .  

_I_-- 

Contro ls  on s a l i  c y l i c  ac rd  a lone  ( see  

( 2 )  Steam V o l a t i l e  Acid ---- 

The standai-d d i s t i l l a t i o n  vrocedure was c a r r i e d  
o u t  i n  two e ~ p e ; ~ i m e n t s  w i t h  r e snec tLve ly  (2) s a l i c y l a l d e h y d e  
p l u s  s a l i c y l i c  a c i d  and ( 'u)  s a l i c y l i c  z c i d  z lone .  The 
a c i d  r e c o v e r i e s  ~ c c o r d i n g  t o  s t eps*  vere  frs follows (data  
i n  m i n l s . )  : 

+F t e n s  i n  z t m d n r d  d i s t i  l l a t i o i i  p o c e d u r e  I n d i c a t e d  
i n  t a b l e  by numbers i n  pmen"L7esis over columns. 
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m Ihe up!per p a r t  of ',"c;bIe I p-7^cy ~,~ents a sunmrnmp of 
r e s u l t s  ob ta ined  'b;: t h e  s tn .ndcrd d i s t i l l a t i o n  procedure 
omi t t ing  s t e p s  ( 3 )  anci (4?; the l owzr  -xrt of Table 1 
presents r E s l r z 1 t s  a i  SL-171;- and I,-1 by the unabrid.ged 
procedure .  Tables 1, 11, IIi 2nd LV shotr r e s p e c t i v e l y  t h e  
n i t r o g e n  ba lance ,  weight b&laace,  cmbon balance and oxygen 
ba lance  based (ia the annly t ics l .  data of' Table I and 
Table I,  Sec t ion  IIlk. 1 % ~  on1.y n s s u q t i o n s  made I n  drat,ring 
up t h e s e  t a b l e s  were t h c t  (1) the  vclatilc a c f d  and COE 
r e p r e s e n t e d  sa l icy l2 :c  a c i d  and. (2) t h e  r e s i d u a l  n i t r o g e n  
was contained i n  a compound iIa,\Tiilg t he  emgir iccl  formula 
(jd.0- .CH=N-C2K4-E=).  The assumption of  s a l . i c y l i c  acid and 
t h e  e thy lenedkmine  C O ~ ~ o U i ~ d  r e s p e c t i v e l y  could not  be 
g r e a t l y  I n  e r r o r  s t o i c h i o m c t r i c a l l g .  
of t h e  residual ni t rogen  compounds m s t  have been g r e a t e r  
t h a n  t h a t  of e thyl-enedia~i ine and l e s s  -than t h a t  of  SalcornTne. ) 

It w a s  apparent  f r o x  Txble IX" that t h e  distil- 
l a t i o n  procedtme gave a q u e n t i t n t i v e  pi .c ture  of  t h e  composi- 
t i o n  o f  bo th  undegraded S?lcom~.ne ( saiq-):les SL-174 and 
Rumf'oiyd CP)  and degrlded ?;lcofiiige (satrples L-1 and L - 2 ) .  
Table I sh0we.d t h a t  t h e  n i t r o g e n  i n  all the samples was 
acccunted  f o r  q u a n t i t s t i v e l g .  

( T h e  molecular  weights 

The t a b l e s  i nd ica t ed  tkat i'cr samples L-I. and 
L-2 an apprec iab le  amount of ccrbori  and. o x y g m  2s well as 

*The h igh  totals f o r  the lower lmlf of' t he  t2,ble were 
- _ - - -  

due p r i n c i p s l l g  t o  count ing a s1iiall portion of  organic  acTd 
twice ,  i.2. ~ as cs.lculated. froin t h e  C02 a n a l y s i s  and t h e  ethei. 
e x t r a c t .  C o r r e c t i o n  for the o v e r l a g  m u i d  reduce tl-ic t o t a l  
for sample ~ - 1  froin t o  EibUUt Sg$. 



Tab le  V I  s l i o ~ ~ e d  thc rwxirnun ~ ~ - 1 c o u l n e  conterit 
poss ib l e  i n  the  ssmj?lez and t h c  fragiaents rcmniniflg, 
c a l c u l a t e d  from tlic d a t a  of T e b l . ~  I. 
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(2) Free wzter wzs c~rte-rmincd by usiric, the same 
procedui-e on t h e  unheatci; oxiclizeci m a t e r i a l .  T h e  d i f f e r e n c e  
betveen the two t i t e r s  gave Liie f r e e  or adsorbed water.  
Typical data are given  Ir! T i b 1 . e  I along w i t h  corni>amble 
data  by other procedlclres. 

I n  oyder  to detepinrlnc t h c  n a t u r e  .oi' r e a c t i o n  of 
Karl Fis c h e r  r eagen t  1.1i~L1-i d e o s i d i  zed Snlcomine t h e  orients- 
tLon experiments detai lec!  I n  Tsblc: 111 w E r c  performed. 
There are fo1.w p o s s l b l e  reac; t ions of  :i.r.tterest in t h2s  problem 

React ion 1 IELS t h e  reaction cf' water with K t i r l .  
F i schey  r e a g e n t .  PesctLor, iI was t h e  rez:c%iori  of coord ina ted  
cobs l t cus  c o b d  t TTith :i.ociine t .0 form coi?reIne.ted cGb2it ic  
coba l t ;  w i t h  w-eoordineted. coha3.t I t h i s  r t a c t l o n  tended t o  
be revepsed.  Reac t ions  III a.nd L V  r e p e s e n t e d  the behavic-e 
of c o o r  dl.nated cobs. 1 t i c sxide c2 nil hydroxide re s ~ e  c t f V e l J 7  
with K r ? r l  F i s c h c r  r e a g e p t .  ;' l-thougb: tke exact r e a c t i o n s  
f o r  11, IIi  e.nd I V  had n o t  been s t u d l e d  i n  this 1abor;i . torg 
pilevi.ousliT:, s.nalogous :-e2 e-t!.ons hed Seen c a r e f u l l y  wo??ced 
out3 .  
appear  t o  c o n t a i n  0.5 n o l e  I I ~ C  ?er mole o f  "n:ononer". 
fi  ccord?..ng t o  reaction III oxy-Salcornfne would a i . so  appear 
t o  con ta in  0.5 mole EI2t~ pe r  n o l e  of '  I'rnono;ne?:", b a t  by 
r e a c t i o n  I V  hydroxy-Salcomins would appeer Lo contain 
1.0 mole I - I ~ O  per  mole of "rnon~rne:~". 

._ - 

Acc3rdlng to ree,ctLon 11, deoxidized 3clcom1ne 1roul.d 

The o n l y  other re&;ct ion ~ h i c h  might be  involved 
in t h e  t i ' . t ra t fon  of S;:lcomJ.ne wi.i!? K a - 1 .  Fischer .  rezgent  
w a s  t h e  e v o l u t i o n  of H2L? by s i d e  r e e c t i o n s ;  tilie p o s s i b i l i t y  
wss kept  ir? mind throughout this stmly. 

5xperlnients (b-e) of !%bl c> 111 e s t e b l i s h e d  r eac t ions  
I1 and I11 for t h e  behavior  of'  iindegraded Srlcomine; bo th  
r e a c t i o n s  were dependent on cooi~iinn-Led c o P q , l t :  cobaltic 

Srnlth, Bryant and I\.litchell, J. Amer. Ci i cm.  S O ~ . ,  I- 63, 
2927 (1941). 
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*The behavior  shoun i n  Tablc I I J  ( g )  was i n t e r e s t i n g  
i n  t h a t  3.4 m u 1  . apparent  H20 p e r  10 mml. sarrlple was 
found. T h i s  was t h e  rat2.o c a l l e d  for by equat ion  I V  and 
suggested t h e  presence  of' hydroxy-:alcorn?ne. 
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'i'nble I11 C 
Tzb2.e IV 

:fi'fi'ect of KAY]. T:,isclier lie: nt on Co:vo~~er1ts 

___.-I- 

cf :> 9 1 coiiij rlc 

Mr-terlc? Is 2 ) CpH4 (MH,) :-. 2 H C 1  

A___ 

CoC12 ( o v e n  d r i e d  - 0.3% H20) 

d) C6H4( OH) CHG 
Where (a) w;!.s used t h e  exac t  equi -  

v a l e i i t s  cf I J / m H 3  were e.dded t c l  i*eulove t h e  H C 1 .  A f t e r  
fo l lowing  c o n d i t i o n s  as noted  be lov ,  excess  K.F. r eagen t  
va5 addecl. Apparent wn,ter wa,s d c t e r m h e d  by t h e  dead-sto? 
'iechniquc. R e s u l t s  were c o r r e c t e c i  foi. known water  o r i g i n a l l y  
p r e s e n t  p l u s  knom water  of  r e a c t l o n .  

-- Procedure :  

mml. - App . 
H,O/~O m m l .  EO Components C ond i  t i nri - 

7.0  
1 

2.52, + b 
> - .7e. + -11 1-0.5 

1.0 3 
3.1 

4 
32 + 13 

2 /- I 1  2 .6  c _I EL?. + b 
b + c  

r- b + c  x2, 1.5 h r s .  ~ ~ ' r .  4 .0  

- 
a. + 5 a i r ,  3.75 h r ~ .  2.T. 4.3 

I 1  

I I  

r, 
L 

c? + b I d Z ,  1.5 h1.s. R . T .  
1 1  r 

I 

7 5a + b s~~ 0.5 hr. 50" 3.8 ? 0.6 
A i . r ,  16 hrs. R.T. 4.6 

10  b + c  "i 1 \ 2 9  0 . 8  hr. 6C" 3.9 
11 a + h + 2c P i r ,  2 hrs. R.T. 0 .9  

Y 

12 a + b + 2d I t2 ,  1.5 hi-5. 3.T. Only 5F$ oi' H29 
f r o m  irnlne r e -  
a. c t i o n  

lj a + b + x2, 30 min. 60" Only SO$ of H20 
b e f o r e  a d d i t i  on 
of d ,  the11 1 >%r. a c t i o n  
E . T .  

from imine r e -  

1 4  2d + a + b P2, 0.5 hr. 60" 2.3 
15 2d + a + b K2, 1.25 hrs. R.T. 2 . 0  

- - ~  Notes:  ( E ; ) ,  ( b ) ,  ( e ) ,  ( d ) ,  ( f  -I- d) and (b + d )  show no 
tsndency t o  o x i d i z e  t h e  prc-seJ'ce ol' ICol.1 F i s c h e r  r e a g e n t .  

The r e e c t i o n  cf c o b a l t  (3 Elibovs) w i t h  excess  eth;:lcne- 
diemine end a i r  to give a compound w i t h  10/10 ratio on r e a c t i o n  
w i t h  Karl F i s c h e r  r ecgen t  h a s  no t  2ic:en worked ou t ,  a l though 
t h e  compa.rative behavl-or of 1 and j n.bove 1-eca l led  equat ions  
11, I311 afid I V .  

The c'omparative be17,avior o f  1 and 4 above sugges ted  
t h a t  Co + C2H4( c o o r d i n e  t e d  more r a . p i d l y  i n  t h e  presence  
t h a n  i n  t h e  absence of oxygen; -tl-ic.,n 1ieFting i n  t h e  absence of 
oxygen i n c r e a s e d  t ,he mite of' coordinLtt ion,  1 + 1.0. 

t h e  n a t u r e s  of t h e  rea ,c t ions  TnvolvTd in 11.-13 as compared t o  
14-15 have n o t  becn worked c u t .  

Thc behavior  i n  11 w a s  probably r e l a t e d  t o  t h a t  i n  12; 

I 2 5 9 4  I 3  



10 2 + 2e -!- 'rb 
11 f A .I. r 

1 -0.4 
5.7 ? 0.3 

1 2 5 9 9 1 4  





%’he t o L a 1  ga3 from ox id . i zed  FL-1.74, t rea . ted  e . ~  
indri-cated below,  w a s  collected in an L?I~S:L-L a n d  
ena lgzed  for C 0 2 ( f C O € I )  and O2 ( F y r o )  . 

r. 

.., 
6 
7 

2.2 3.4 11.2 
s ha lr i ng 1.3 13.1 112 

c 22.4 112 
1 FIGS/ 

/ 

r c Î  1. wi e (3 
44 1.1.2 

I 2 5 9 9  I b 
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E .  F 'o ten t lone t r ic  T i t r a t i o n s  
_I_-- 

When oxidrized, undegraded T a.lcorii.ne TJZS suspended 
i n  pure  di'S methanol and t i t r a t e d  ~ ~ o t e n t ~ o m e t r i c a l l ~  wi th  
0.5-E RC1 i n  97% MeOH (aqueous) t o  t h e  i n f l e c t i o n  a.t pII 2.5, 
t h e  r e . t i o  o f  m m l .  o.bsoi?hed p e r  mml. sample k r z s  a l rnos t  
e x a c t l g  1 (rig. 1, p l o t t e d  for 10 m m ~ . .  samples), t he  sample 
goiilg co:i1pletel.g i n t o  s o l u t i o n .  Deoxidtzed undegradec! 
Szlcomine, when sirnilawl>- t i t r e t e d  under n i t r o g e n ,  zbsoi>bed 
coiq>,c2rc-L-tiueIg l i t t l e  H+ t o  t h e  i n f l e c t i o n  z t  yii 5.0 and  
d i s s o l v e d  o n l y  p a r t i a l l y ;  bu t  a t  lower pH's absorbed up to 
4 m m l .  .E+ p e r  ~ K I .  sernple w i t h  complete sol.!i-tl..on. jlcoxi- 
dized undegraded Sclcomfnc when t i t r a t e d .  under> oxygen 
g;ave f l u c t u a t i n g  vz lues  above p H  5, obviously c3ue t o  oxygen 
absorption; but as pH 4 wĉ ,s a;]proached the bcliavior s t ecidied 
and st pFT 2.5 t h e  total 1-9 . reected corresponded closely to 
t h e  v a l u e  observed i'cr ox id i zed  LLraegradeu SaJ . con~ in~ .  

DeSi>oded s e a ~ ~ l e s  telided t o  s l i o ~ , ~  smaller oxid ized  
t i t e r s  2nd l a r g e r  deoxid ized  t1tci-s . T%e foJ.lowing pro- -  
cedures vere i ' i-nally adopted as standard. 

?'hree grams of s m p 1 - e  was weighed i n t o  e 
standard TS 29/42 three-neck,  500 ml. iQoLi.Ild bottoiil f lask 
(F2-g. 2)  followed. 'ny 200 ml. of anhydroas methsnol. P: 
vacuum-type ( e l e c t r i c )  stirrer was placed. i n  the ceriter 
grir,d, a.nd t h e  glass and calomel e l e c t r o d e s  were placed 
in t h e  o t h e r  g r inds  &th;?ough rubber  s topFer s .  Th.e tip OF 
a 50 m l .  b u r e t t e  was i n t roduced  through a. stm11 h o l e  In  
one of' t h e  rl-tbber s top;?ers .  Khen t h e  sample had s t i r r e d  
f o r  15 minutes a t  room t empera ture  i t  was t i t r c t e d  v i t h  
o . y ?  ?E1 i n  3?$ methanol. S ince  hy&rolys is  took p l a c e  at 
low p H ' s ,  only s m t z l l  increments  cf a.cid were added; for 
b e s t  reproducibility t h e  t ime i n t e r v a l  between each addi -  
t i o n  of' E i C l  was k q t  approximately c0nstan. t .  

2 .  Deoxid-ized SPlcornLne 

T 3 e  procedu1.e was f d e n t i c c , l  t o  t11a.t T o r  oxldfzed 
Salcomine except  for h e a t i n g  tlie sample r;t 110°C. f o r  
1-1/2 hours  i n  the t i t r a t i o n  flask u i d e r  ni-i;??ogen prior 
t o  t i t r n t i o n . - .  The t i t s a t i o n  vas cerriecl out i n  an atmos- 
phere  oi' n i t r o g e n ,  i n t roduced  "chrc?ugk; one of the  si.c?e 
necks 01-i t lie 3 t i r r e r  support and ex?- t ing thro~gh t he  o t h e r  . 

R e s u l t s  of t i t r a t i o n s  b2 t h e s e  piiocedures a r e  
sumnirirrzed i n  Table I .  



The ox id ized  p roduc t  of r e a c t i o n  1 was e v i d e n t l y  
more s t a .b l e  t o  h y d r o l y s i s  thcan t h e  original deoxid ized  
S d c o m i n e ,  bo th  of whlcli  hyd.rolgzcd very slowly a t  rami 
temperatu-re above p H  5 (Fig. 1).  
t h a t  wiien ox id ized  undegra,ded Sel corriine was suepencled i n  
nq-ueous methanol i t  tended t o  f o x n  

It  also seened apparent! 

- F 

c 

i OH 
I 
i 1 

(111) 

B e l o w  I ~ H  5 a 0 ,  hydrolys- ,  s E c c o i ' d i q  t o  Tea ctrion I T  t o o k  
p l a c e  more r a p i d l y ;  substar l t Ia11)  complete hydrolysis could 
be a t t a i n e d  i n  one h o ' a  a t  I O O O C .  u s ing  2N a lcoho l - i c  HCI- 

1 2 5 9 9 1 8  



I .  

_ *  _. - . .  

* (111) above; oxic-lfzed (cobal-Li.c) "degrcded" i n  t h e  
sense  t h a t  it a p p r e i l t l y  ca.nnot be deoxidized wi thout  
s e p a r a t i o n  a i d  r e a c t i v a t i o n .  

*% This s t a t emen t  i n v o l v e s  t h e  fol.lowing unproved. 
c?.ssurnptricn Tor degraded matorial (probably nearly t r u e )  : 

(I-) T h e  t i t r e t i o n  under n i t r o g e n  below pK 5 
of deoxid ized  sa~ip1 .e~  ( F i g .  I )  T.JS.S due t o  h y d r o l y s i s ,  bu t  
t h i s  k7dro lys l . s  dl.6 not t a k e  p l a c e  on t h e  ox id ized  sample 
t i t i - a t e d  in a . i r  -Lo p H  2.5. This  i n  t u r n  imp:l iez ,  t h a t  t h e  
m e t e r i a l  could be changed, yerhaps irreversibly, on h e a t i n g  
t ~ ?  110°C. under n i t r o g e n .  

underl int ld  s t a t emen t  a.bove was o b t a h e d  by s imple 
ai-1thmeti.c am ' f o l l o w s  : 

1. !-, should be p o i n t e d  o u t ,  perhcps,  t h a t  t h e  

Oxidized t i t e r  = (1) -i- (2) + 3 -i- 
Deoxidized " 

- - [J + abcve 
-__- - 

Oxidized t i t e r  - deoxid ized  t i t e r  = (1) + ( 2 )  = 
m e t e r i a l s  i n  cobal tous  s t a t e  when deoxid ized .  The r e s u l t s  
o f  t h f s  sec tTon ( p a r t i c u l a r 1  Ta,ble I V )  &re d i scussed  
b r l e r l y  i n  Section Iv,  pg. 28. 
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D e s c r i p t i o n  of‘ Tc7ble II --- -_---- 

Flote on (1) 

under  the c o n d i t i o n s  cii’ Tt;.ble I1 nn1.9 0.2 mml. 03- W 8 S  
8bsorbed- between pH 2.5 and. pH 4.0; and 0.05 Eml. O K  
absorbed  f r o m  pH 4.0 so pE 10.5 (the corresponding f f g u r e s  
for equeous X C ~  were 0. 4 ace 0. 1 iililil . .  ) . 

:,.!her, 20 mml. F I C ~  in 85% metha.no1 w a s  t.iLrated 

20 m m l .  benzal-dehyde in r!;.;cthanel absorbed. 40.2 
m m l .  01i-’ f r o m  p H  7.5 to pH 10.5. 

2G rnrnl. phenol i n  niethaiiol absorbed. 0 . 2  mml. OH- 
from p ~ i  4 to p~ 7.5 and. 4-.5 !nml .  f roin TIlr 7.5 to p~ 10.8 
( the corresponding f‘igures . f o r  aqueous phenol. were 0.3 and 
20.1 v? . th  i n f l e c t i o n  a k  p9 10.3 r i o t  s?ia~p). 

ut e on ( 4) 
I i 

= q i - c: - c;, ,o - 
K, has  been 

oSLalneG i.n cr;Tstall:ine c o n d l t i o n  an.d i t s  sol’c?tions s t u d i e d  
cerefu~-: ig  ( s e e  al.sc ~ i e ~ ,  Ck;ec:. ~ e v . ,  2 1 9  49 (1337) ) . 
Using the procedure of Wble  SI, botk tE5 compound and i t s  
c omnonent s when mixed ye spe c t ive1.y gc ve c?. ccuro . t e ly  
reproduci .ble  cu;-1ves cori;espondiiig e x a c t l y  to t h e  t i t r a t i o n  
o f  tht.: s e p w a t e  components; t h a t  is, t h e r e  was no evidence 
o f  the c h e l a t e  compound in. solution e c c o r d i n g  t o  our  
procec?u.re. Accordl-ng t o  t:iis technique,  then, it appeared 
tha t  o n l y  a ranther marked tendency t o  combine vas recorded 
and t h e  d i f f e r e n c e  betsreen curve 4 as compared wit,h 
curves  1 ana 3 i n d i c a t e d  a strong tendency toward  compound 
forna t j -on  ( w i t h  increasing p ~ )  whi.  ci?, however, :was r e a d i l y  
r eve r sed  (with d e c r e a s i q ;  pIi) . 

i Tile C o r l p o ~ d ,  I“ - 1 13 I 

I c Iizc - 0’ ‘0 - CIIZ 

Mote ori (5) 

on t i . t r a . t i -on  w i - t h  acid c.bsoi>bed 0. 2 mml. H+ t o  p H  5 and 
2 .5  mml. .. to pK I.!. due t o  h - j - d i ~ o l ~ s l s ;  in segarizte expe r i -  
ment, t he  Lmine absorbed 0.5 mml. OH- to pH 11 and a f t e r  
1 / 2  hour  back .  . t i - t r a t i o n .  to pH 1!~ i -ndicnted no hycii301ysis. 

7;ote on (6) 

---_..-I- 

10 m m l .  sa l icg la , ld-e thglcnedi lmine  (init. pR 8.1) 

The coinpl-ex i’urmccl i n  t h s s  system wes evidently 
decomposed, c o r m l ~ t e l y  c a d  rap;cril; I on a c  idiflcation. 
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Rote 0 7 1  (7) 

?'he tj.tr?.'iion behnvicr  c?f (11-8) i s  shown i n  - L+*ig. 111~ upper  left. Tne upper curve ( i n  each case) i s  
T O Y  l igclrc~x~l  ion  addition, tl.ie lo i r e r  curve for hydrogen ion 
3,ddi t ion.   he 0 1 1 1 ~  curves w ~ i c i :  cross a r e  those  for (11-8s). 
T h e  h o p j - z o n t ~ . l  d i c t o n c e  between the curves o f  each p a i r  shows . 
ap;;moxlnctely t h e  net a b s o r T t l o n  of GR- . 

Yhen t h e  amount of alcle!i:;cie added FELS halved ( F i g .  
1 2 1  (11-8a)) t h e  1s t  inf lec: : , iQn became much more sharply 
deflined, t h e  absorp t , ion  of' H-1- t o  Liie 1st i n f l - ec t ion  w3.s  
decreased t o  22.0 ninl. and t o  the 2nd I n f l e c t f o n  was 
Pricreased t o  5.3 r m l .  2 , l T g h t  hlstsi3esi.s on return t i t r a t i o n .  

I n c r e e s i n g  the: pE above 4.5 produced n o  2nd 
i n f l e c t i o n  t o  yH 10 .2 ;  OR back titrating the added OH- 
above pfI 1:. 5 was tltrated smoothl.g, bu t  t he  i n i t i a l  
r e a c t i o n  t o  t h e  1.s.t I .nf1.ection (:3H 4 . 5 )  d i d  n o t  r e v e r s e  
( ~ i g .  111 (11-9)). 

Iliien t h e  aniount of aldehyde added ~ T ~ L S  halved, 
t he  curve was  ciia.nged markedly (Fig. 111 ( II-ga) ) : the 
1 s t  break was deci3eased to 8.3 nml. ( h a l f  way pH, 4.2 ;  
i n l ' l e c t i o n  ?I< 4 .8)  a second break appeared wlt'h 13.0 mml. 
(ha l f  way p3, 5.2; i n f l e c t i j - n  pH, 6.8) and a t h i r d  break 
developed w i t h  10.5 m n l .  (ha l f '  va.y pH, 8.2;  i n f l e c t i o n  pH, 
9.LJ). H y s t e r e s i s  w2.s mzrked on the r e t u r n  t 1 t r z . t i o n :  
halfwey pEI, 6. g; inflection pE, q .  0 ;  lj. 0 mml.. Eviden t ly  
the r e a c t i o n  between the secoRd and t h i r d  breaks  was very 
readily r eve r sed ,  t h e  1-eaction bei;ween the  f i r s t  and second 
l e s s  readily, and. the rea .c t ion  to t he  f.irst break w&s no t  
r eve r sed  a t  c l . 1 1 .  
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F a.1 i c g 12.1  de hy de -- e t h y  1 e11 e d i imine End C oSt showed 
a v e q  large teridency toward cornpourid f oimation e.ccording 
t o  this t ec lmlque .  Most cleai?I_y d e i ' h e d  r e s u l t s  were 
obta.l.ned using nca r ly  anhydrcus conci2tions.  The data of 
(11-10) were obtained w i t h  CoCl,.1.83 H20 afid 0.5N Nc?.OCHz 
in c".nhgdrou.s metha,nol. ( Lnstezd of 0 f; R a C E I  in 907; rnetl'ie..nol) . 
Eo revel-ase t i . t r a t i o n   its at tempted.  

I 2 5 9 9 2 4  
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Note on ( 2 )  - 

be exppcctpd, t h e  c u r v ~ s  w ~ ~ e  sm~otn and, at, Lht- i n f l e c t i o n  
po in t s  werc? v e r y  s t c ~ p .  

ir, this C ~ S F  where no  complex formation would 

:,2te on (3) 

complcx f o r n i a t i o n  w i t h  no evidence 27; a l l  o f  cobal t  
a m m L n e  f‘ornia t ion. 

~ 

This curve shoved o n l y  f a i n t  i nd ica t lon  of  

KO more thsn lor ,se ,  rea.di1.y reversed. conbinatlons 
1ndlca.ted. When heated together t o  60°C. a t  pH 8 the  
L i t r a t i o n  behavior WE.S imcharqc6. . L o  

Rote on (5) 

c o l o r  appearing ( r e v e r s i b l y )  2,bo-v~ ~ € 1  3 wid c m p l e t e  
r ep res s ion  of t i t r f l t i o n  of ~ ~ O I - I ~ C E O  between p~ 9 and 10 
( s e e  Table 11-1). I d e n t i c a l  result:; were obtained under 
air atmosphere. T h e  corresponding curves F o r  CHO ( 10 mil. ) 
+ NH3 (10 m m l . )  were i d e n t i c a l  t o  111-5. 

Note o n  (6) 

-- 

T’he only evic’eiices oi‘ coabination were t h e  yellow 

Comparison w i t h  d a t a  of Teble I ,  4 and 9 (no te )  
IndIcateCi a l o o s e  ee .s i l7  r e v e r s i b l e  combination involving 
all t h r e e  coinponents. Comparable curves t o  111-6 were 
obtained using N i ( l ’ T O s ) z  (10 r n n i l . ) ,  jdOHeCK0 (18.3 mml.) 
and NH3 (13.7 m m l . )  since t h i s  conbination was known t o  
f o r m  n chela te  (Dichl ,  Cliern. R e v .  21, 70 (1937) ) . The 
r e s u l t s  for the  two systems were qcTte similar. 

fqote on (7) 

It was conceivable t h a t  ?aleornine might cleave 
in such  a way a.s t o  form a prlmar;; amine r a t h e r  than ammonfa. 
Normal bu ty l  amine was 8A ccnvmie i i t  slrtbstmce t o  use i n  a 
study of t he  r e l a t i v e  behaviors c?? NE3,  p r imary  monoamine 
and ethyleneci3:amfne with s~.l.i_cj‘l.c?l.c?.dehyde and cobal t .  

Note on (8). 

The amino obvliously f’ormed a compound q u a n t i t a t i v e l y  
with sa l icy la ldehyds ,  tlic rcac:, ion being very r ap id  and 



rea4l l . j  r eve r sed .  113. t h e  case o f  benzaldehyde, compound 
formeti.on vas much slower 2 s  w c s  c l e a r l y  shown by t l t r a t i o n  
curveS, 

Note on (3) 

( L o r p i r e  111-3 and T l - 7 ) .  

-___-I_- 

T h e  curves gave no evidence o f  complex fornlation 

Coinp:wisoii of' t h e s e  curves w i t h  III-7 8, 9) 
indjc2ted. ( I i I - 1 0 )  t c  be 2, combiriatZon of  IIII-8j t o  f i r s t  
break and (111-3) at t h e  s t a r t  of t h e  second break. In-  
c reas ing  the pH beyond. 10.5 r e s u l t e d  i n  :nuked i r r e v e r s i b l e  
s b s o r p t l o n  of OH- no t  observed In t h e  b ina ry  mixtures;  t h e  
reverase t i t r a t i o n  sliowed i n f l e c t i o n s  a.t 911 3.9 and 3 .  O 
(ha1-P -way p ~ ,  6.2) the a,bsCjr:?.'i:i.cn between i n f l e c t i o n s  
be ing  15.7 m r n l .  (The t o t ~ , l  011- added between piI's 2 . 1  
and 10.1 ( s e e  '?able III-10) W R S  26.11; 26.4-15.7 = 10.7 
m m l .  difi 'erence. ) The t c t c l  01;" added bctwceii pII 's  
2.1. and 1C. 5 (en6 or" titration) was 98.8 RJIill.. The t o O t a l  
I$+ x?.ded on Sack t l t r e t i o n  t o  pH lj.0 T?%S 19.9 m m l . ;  
28.8-19.3 = 3.9 mml.. n e t  mm1.  o b s o m t i o n  o f  OH-. 

when C O C ~ ~  (10 m m l . )  + nl_j-NEi2 (18.4 m n i l . )  + 
g$OH*CHO (19.8 mml.) was t i t r a t e d  2,s above, i n f l e c t i o n s  
appeared only a t  pH's 3.5 and l@.j  dur ing  OH" a d d i t i o n ,  
t h c  n e t  abso rp t ion  beleng 37.2 ciml.;  t h e  r e v e r s e  t i t r a t i o n  
showed i n f l e c t i o n s  a t  pH's 9.4 and 3.5 with n e t  H+ ab- 
s o q t r i o n  2l.3 mml. 37.2-21.3 = 15.9 as compared t o  10.7 
above. 

Note - on (11) 

Salicylamfde e v i d e n t l y  t i t r a t e d  q u a n t i t a t i v e l y  
fron p!l 7.0 to pH 1.0.3. 
t i t r a t i o r :  r e q u i r e d  only 0.1 inml .  from p H  7 .0  t.0 pH 2 . ; ,  
even nf'ter hea t ing  t h e  s o l u t i o n  for 1 lir. a t  i O O ° C .  w i t h  
/ " 0  m m l .  excess  OH-; cornparison w i t h  (111-2) and 11-1 
note) indica-Led t h a t  sa l icy la tn ide  vas extremely s tab le  
t o  d k a l f n e  hydro lys i s ,  t h e r e  being no uvid.ei ice  of any 
r e a c t i o n  undei- t h e s e  cond i t ions .  

I n  back t i t r a t i n g  with H? t h e  
r- 

Benzarriide absorbed n e i t h e r  H+ nor OH- on 
po ten t iome t r i c  t i t r a t L o n  a t  room temperature .  

Compound formation between b.OEi* CC)PJH2 w a s  
i n d l c e t e d  most  clearly by t h e  lowering of  t h e  i n i t i a l  
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pH (for example 1.n (111-12) ths  pII'8 o f  amid.e s o l u t i o n ,  
CoCl;;, solution and. t h e  mixture of' t he  two were, res,r)ect- 
iva l .y ,  6.4 5.5 2nd 3 .6 )  and i n h i b i t i o n  of p r e c i p i t a t i o n  r. 

( i n  (111-14) ) copious p r e c i p i t a . t e  f'ormed when 2.2 mnl. 03- 
had been added; i n  (III-12 and 13) t h e  preciprltc. te w 8 s  
never  cop:'.ous ar:_d- d1.d not appear unt j .1  more tlian 15 l m l .  
01:- had b e m  actded. 

There was n o  evidence ( 2 s  shown by shif ts  in 
t h e  r e t u r n  t i t r e t i o n s )  of  hgdi.olysi.is of bOH*CONH2 by 
excess 01.1- a t  i'001il tomperetupe ~n t h e  presence of CO++.  

When 1.0 t i i d .  CoC12 i- 20 minl.. bOH-CON;I-12 ( c o r r e s -  
>onding t o  111-12) were heetecl together i n  air at pH 11 
and 60°C. for 15 inin. t h e r e  i fas no chanse i n  t i t r a t i o n  
behavior I'PGK~ (111-12) . 

Ope of  the products  f c r i ned  on tk?e addi t ior ,  o f  an 
a.tom of oxygen .to S; lcomine might be t h e  half-amide-half  - 
iin1d.e. Seve ra l  a t t empt s  were rn2d.e t o  syn thes i ze  t h e  mono- 
ami de from tile thy 1 s a 1 I c 57 1 et e and et hy 1 ened. 1. a m h  e , changing 
t h e  mate~in l .  r o . t f o s  and o t h e r  ccndl t ions ;  i n  all cases the 
cornpound % s c l & t e d  proved t o  be t h e  di.amide (wh i t e  c r y s t a l s ,  
m.2. 18l.C"C.). (Attempts by severcl l a b o r a t o r i e s  t o  
p repa re  uiisyrnrnetrIca1 Schiff's bases from ethylenediamine 
alwa.gs resulted i n  separation of the corresponding sym- 
m e t r i c a l  sGbstances i n  t h e  s o l i d  phases. ) 

The dlamide was on ly  p a r t i a l l y  n e u t r a l i z e d  a t  
The pH 10 .6  (where t h e  i n f l e c t i o n  wes poorly d e f i n e d ) .  

comgound was evidentl-3- q u i t e  s t a b l e  t o  a l k a l i n e  hydrolysis 
a t  temperatures  up L O  6 0 " ~ .  ( s e e  111-11 n o t e ) .  

No te  on (16) 

The t i . t r a t i o n  behavrfor of Coff  plus ( ~ @ H ' C O N H - C H , - )  
was similar to tha.'c o f  Co" p l c s  bOH*CONH2 up t o  about 
p H  10 .0 .  The r e d  s o l u t f o n  wa.s homogeneous u n t i l  about 
1 2  a i m l .  OH- ]-lad been added when E l i g h t  b lue  gray pre-  
c i p i t a t e  eppeared; above pH 10, however,  t h e  so lu- t ion  
tur*ned. deep bli-ie; on s t i r r i n g  f o r  1 hour a t  room tempera- 
t u r e  the prscipi . tc- te  riee.rlg. el.1 dissolved with  t h e  
format ion  of .s dee:, p u r n l e  coloped s o l u t i o n .  On t i t r a t i o n  
w i t h  n c i d  t h e  curve r e t r n c e d  i t s e l f  without h y s t e r e s i s .  

El similer experiment inid.ei- n i t r o g e n  ( i nc lud ing  
h e a t i n g  40 min. z t  60°C. :it pH 1.0.5) g ives  i d e n t i c a l  
r e s u l t s  e 



r 7 h  l __e  rE-acti0n.s of s a l l cg la ldcx ime  w i t h  metal  Ions 
such  as those  0; ccba.1-t were known t o  y i e l d  r e l a t i v e l y  
s t a b l e  compcunds; s i n c e  111 a,ddi t i_on 2 . t  w a s  concervable t h a t  

, y i e l d i n g  oxygenated ni. troyen m ~ g h t  form durl i ig  deg r sda t lon  
substa.nces r e l a t e$ .  t o  s a l i c y l a l d o x i m e ,  a s e r i e s  of' expe r i -  
ments was nade on sallcyl~~ldoxi~ile-cobaIt. The pure oxime 
1s a n e u t r a l ,  whi te  c r y s t a l l i n e  solid wlilch showed no 
abso rp t ion  of Z+ o r  OH- in t he  p I I  ra,nlge 2-1@; above pH 10 
i?. s m a l l  arnount of OH- was absorbed.. 10 m m l .  of  oxime In 
t h e  presence of eq,uimol.al Co$+ under n i t r o g e n  f orried a 
compound. g l v i n g  an ora..nge precilpi'cate (on  a d d i t i o n  of ea. 
17 inml.  OH-) which rcdissolve6 suddenly at -OH 10; on back 
t . i t r a . t i o n  there wzs 110 hysteresis ,  t h e  F r e c i p i t a t e  r e -  
&.ljpeared and d i s so lved  aga in  a t  $E's 8.5 and 4.0 r e s p e c t -  
ively. When t h e  experiment we.s r epea ted  I n  a i r ,  t h e  
t i t r a t f o n  w i t 5  011- w a s  i d e n t i c a l  bu t  t h e  b8ck t i t r a t i c l n  
shewed hysteresis with  il net; a,bsorgtion o f  1.0 m m l .  of GH-. 
The oxid ized  cotnpound. was r e l a t i v e l y  stable i n  a c i d  so lu-  
?;:!.cn Sh.owiilg 1ri:t.tle h y d r o l z s l s  0 3 :  s t a n d h g  a,t 3. The 
"permanent" abso rp t ion  of  10 m m l ,  of OH- in (111-18) and 
20 m m l .  of 011- i n  (111-19) suggested t h a t  at l e a s t  t w 9  
d i f f e r e n t  oxlmes of CO-~++ ( p s s l b l y  mono- and d i - )  weye 
s t s b l e .  

1 2 5 9 9 2 9  





0 0 

7 

6 

I C  
a- 

4 

3 

2 

I 

t 
I 

S e c t i o n  I I I E  
Figure I 

A - S L  174 OXIDIZED 
B-SL 174 D f O X l D I Z E D  

t 

I 
IO 

A-YL,  OXIDIZED 
8-YLI DEOXIDIZED 

1 
t 

I 
t 

I 15 

ML. 0.5000N H C L  



Sect ion I I I E  
Figure II 

1 2 5 9 9 3 2  



. .' 

m 
I 
H 
H 

J E- 
Seatlon IIIE 

Figure 111 

cd co 
I 
H 
w 

1 2 5 9 9 3 3 1  



The pTocedurc w3-s i d e n t f c n l  with t h a t  of 
po ten t ionie t r ic  t1.trai;i.on IIIE except t h a t  10 r n m l .  of  
(oxidized) sample was sti.rl?ed f o r  15, G1i.n. wli.ti-1 20 ml. 
of C0,-free '2N Nz.@H :m rnet,hanol (L!a n i m l . )  before t i t r a t i n g .  

Resu l t s  a r e  shcwn _-n > A ? .  i m c !  Table 1. 



€I+ 
1st IQ- 3d i l l -  Pbsorbed  

10 L - 1  -7 

li 8.7 z .7  3.0 10.6 

4 10 L-2 8.6 1.7 3.3 12.0 
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1-V.  E E  C W  SlOit 

(1) It seeped ev ida i i t  f r i j n l  t h e  d i s t i l l a t i o n  
analyses of P ect ior i  IIIB, co!;ibJ.ne(? wl-th t h e  element8cl,l 
n i i e l y s e s  of S e c t i o n  IIIA that  t h e  cr3mponents o f  both. 
und-egraded amd degraded S a l c o ~ m e  ( n o t  v o l a t i l e  d i r e c t l j  
2-L I . l O ° C . )  c o n s i s t e d  (after h:.drol~:;sis) of c o b a l t ,  
e t 1-i y 1 en c c? i a m i  ne a,nd s 2.1 i c y 1 a 1. de 11 y d e w li t h varying 6 m oun t s 
01 orgsni  c ?,cj ds  and . ? . l i ; t ~ ~ ~ i a . ,  zlclsligde degrade t ion  pl-oducts 
and e t 'ii y 1 en c d 5 a mi ne de 8 r a dz. to 1. on p 13 o du c 'i s . 
degrad.ation Droducts were reyreser i ted p r i n c i w d l y  by ~ i l e  
aqueous acrid- I n s o l u b l e  ar,d tile sthgleiiediamine d e p e d s  t i c n  
products by the r e s i d u a l  nritrcgen. Evidentl.>. t h e  r e s i d u a l  
i i i t rogen  w a s  assoc j .z ted  w i t h  some former ly  s ldel iydic  
m.t erriai; and ;2ar't of hctk t h e  aldehyde and et,hylened%oine 
degradction products mag h.zvc beeh foimee dur ing  a , r ,a lysis .  
The material balances ind . ic i? ted  t i i a t  no  s u b s t a n t i a l  amounts 
02  other su'us.tances co:j.ld. 'uc; I;resct-,t and. there w2s no 
c:q:arent necessi-hl- t o  ~~:,sutiie t h e  1;resefice 3f o t h e r  compounds 
i n  the f srfiiation oi' t h e  sldehg-cie , an2 etnglenediamine, 
degredmtion nleteric71s . The crgai:.c f ~ c ~ . d s  were predominentlg 
s c d i c g l i c  and were 3.11 der ived  froin s a l i c y l e l d e n y d e  . 
compounds as t h e  amides (which were ex-Lrernely d i f f i c u l t  
t o  hydro l j -ze ,  Table 111, F e c t l o n  LITE) and oximes c01.lld 
n o t  have been p r e s e n t  in amounts exceediilg a p a r t  of t h e  
small a m o u t  of ~esidual- n_i_trogen ( a )  solu'u3.e i n  e t h e r  
and ( b )  coi2teined i n .  t h e  a q u e ~ u s - ~ , c i d - i . n s o l u b l e  r e s i d u e .  
P c 1 y 113 d-r cxy ar omat i c s wer e no t ;w E: s en t i n  s i g n i  f i c a.nt 
amol-LIts. 

---___--_____ 

0 

The a I de Iq7.d e 
L 1  

2ucl-i 

( 2 )  From Trb1.e V I ,  Sectrion IIIB, it appeared 
t h a t  t h e  maximum Salcomine which could be p r e s e n t  was 
detertnrf-ned by the  ethylenedismine plus r e s i d u a l  n i t r o g e n  
con ten t  of  t h e  samples, t n e  l e f t - cve i?  fragments gi.ving a t  
l e a . s t  1 Ri13 amd 1 (aldehyde + e c i d )  ?er  c o b a l t ,  bu t  
cons iderably  l e s s  t han  2 PJHs and 2 (a ldehyde + &acld)  per  
c o b a l t .  For -the degraded samples, t h e  amrnonia+,was about 
equa l  t o  t h e  1ei"t-over (a ldehyde + acid.). The l a s t  column 
c,f TaSle V I ,  S e c t i o n  I I I B  suggested t ha t  the exac t  ammonia/ 
a ldehyde F a t i o  might depend somewhat on t h e  h i s t o r y  o f  
t h e  sarflple betweep. t h e  t imes cf S a m - p l i n g  and d f s t L l l a t L o n .  
Ps1.t of the  missing components I n  t h e  v o l a t i l e  at 110OC. 
(Tab le  111, Sectiop. I I I A )  may b e  organ1 .c~ .  

( 3 )  -Fram Table 11, Seeti-on IIIC, i t  appeared t l-, c, 
( i n c l u d i n g  r e s i d u a l )  ethglenedia.mi.ne content ;  and f rom 
Teble IV,. S e c t i o n  IIII;, i t  eppzared that  this  t o t e l  
e thylenediamine wzs coord ine ted  and p robab ly  p r a c t i c a l l y  

iiat t h e  Rai-1 F i s c h e r  titration w;~s a. u e a s w e  of t h e  t o t a l  
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ent - iye ly  in. t h e  f 'orm o f  Felcomine; i.e., tt?e Ka.rl F i s c h e r  
t i tera  wns I". near1.y q u a n t i t a t i v e  rneesure of  tk:e t o t a l  
sub3tal-!ces ]laving t h e  formula, of Sa.lconine I.n t h e s e  samples*. 

( 4 )  According t o  Table I V ,  Scct ior ,  I I I E ,  t h e  
undegraded sa.mples may have conte.ined a sma.11 amount of 
coord.i.natec1 cob?.lt wi th  ammonia, g iv ing  t:ie deoxidized 
t i t e r  a n d  causing t h e  d i f f e r e n c e  between the max. SFlcomine 
conten t  a n d  t h e  K.F. t i t e r .  The degrzded samj31es e v i d e n t l y  
c: on t 9. i n  e d s o me 112: dr oxy - S E 1 c omine ( f i- om t 1-1 e d.e ox 3.d.i z ed t i t e r  
and t h ~  c l o s e r  checks between oxi.?rizeCr titer, 1C.P. t i t e r  
end max. :;-lcoinrine content)**.  

( 5) The chemical ly  degradcd poTti ofls of  Samples 
L - 1  ana L-2 wcre coord ina ted  i n t o  compounds givLne; no 
oxid1 zed t , i t e r  u n t i l  t r e a t e d  wi th  c a u s t i c  (T:>ble I V ,  
Cectlor, I I I E  and Table I, S e c t i o n  IIIF). 

(6) The capacrEty of ,";omples L-I- n.nd L-2 was 
only  41-12?; of' t h e  p o s s i b l e  naxl-mum (Te.ble 111, S e c t i o n  
IIIA) a l thcugh  t h e y  contalned around. T O $  of  m?-terial  having 
t h e  formu1.c of Splcomlne. Eviden-Llg- 1nei.t " i somer ic"  
m a t e r i a l  t izs p r e s e n t  i n  l a r g e  a m o w i t .  The da tn  of' Table 11, 
S e c t l c n  i.11-E (8 and 9) and Table IV, Section IIIC (12 and 
13) suggested t h e  e x i s t e n c e  o f  m i e s c r i b c d  com;Jounds havfng 
t h e  f ormxle. o f  Salconiine. 

I n  t h i s  connect ion t h e  beiiavioi?, desc r ibed  In 
Sec t ion  IIIF was i n t e r e s t i n g .  The absorpt j -on of  OH- by 
"undegrtxled" samyles SL-174 and Rumford CP vas grobably 
expla ined  by -the h y d r o l y s i s  o f  t h e  ammon3.a compounds 
p r e s e n t .  For sam;?les L - 1  and L-2 1.t seemed pi-obable t h a t  
a "self-compensated" s t r u c t u r e  was p r e s e n t ,  perhaps resembling 
t h e  c o b a l t i c  conigound, 

rj - H H - S y '  

T h i s  m a t e r i a l  might  behave i n  t h e  observed manner and 
t h e r e  were no obvious a n a l y t i c a l  anomalies in t roduced  by 
i t s  ( h y p o t h e t i c a l )  p resence  as ide from i t s  probable  
i n s t a b i l i t y .  Here aga in ,  f u r t h e r  work would be i n t e r e s t i n g .  

*The s t r u c t u r a l  formula could coi-respond t o  11, I11 
or IV, Sec t ion  IIIC (pg .  13) excent  as l i m i t e d  by ( 4 ) .  
I n  speaking of "Campounds of Sclcomrne Formula" and P ~ l c o -  
m i n e  " i sorn t ' r s ' '  I n  t h l  s r e p o r t ,  zubstances having added oxygen 
or hydroxyl t o  t h e  c o b a l t  were incll tded. 

**However, t h e  hydroxy-Falcomine could n o t  correspond t o  
over  1 / 2  t h e  deoxid ized  t i t e r  ( s i n c e  i t  presumczbly had twi.ce 
t h e  K.F. t l t e r  o f  Salcomine or oxy-Salcomine) and even then  
t h e  remainln deoxid ized  t i t e r  would have t o  correspond t o  
uncoord ina te s  c o b a l t  without  1I.F. t i t e r .  
a s p e c t  of' t h e  problem would be i n t e r e s t i n g .  

F u r t h e r  work on t h i s  



1 (I) 
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T h e  oxygen-assoclatlon comgl E X  ( 2 )  was in t roduced  
on t h e  bc2sis 01 t h e  r e s u l t s  p re scn tea  i n  Scc t ion  I I I D ,  
page 15. 

(4), (5) above were apparent17 founci In t h e  degreded products .  
Products  corresponding t q  a l l  o f  t h e  s t e p s  (3), 

O f  t h e  elemental. anal3ses ( S e c t .  I I I A ) ,  t h e  
Ceterminction of cobc?lt i s  pyobably m o s t  important ,  n s  it 
gives a uniform basis f o r  comparing a l l  sa.mples; next most 
ImFortant would be t h e  nl t roger ,  analysis, s i n c e  t h e  N/Co  
r a t i o  i n d i c a t e s  t h e  minimun: chemical degrada t ion  (and malxes 
p o s s i b l e  a n i t r o g e n  balance i f  t h e  d i s t i l l a t i o n  a n a l y s i s  
should be ca . r r ied  o u t ) .  Determinat:ion of' c apac i ty  i s  o f  
funcia.menta1 im2ortance f n  any annl.;:sis. 

The d i s t l l l a t f o n  a n a l y s i s  (Feci;. IIIB) g ives  t h e  
most  de?;el.led i n f  ormation r?.bo;it t 'he ma. j o r  components" of a 
sample, but  is t h e  most time-consurnlng. I n  those  cases  where 
a r e l a t e d  s e r i e s  oT samples i s  being i n v e s t i g a t e d ,  only 2 
s e l e c t e d  few of t h e  samples need be given t h e  complete 
d i s t i l l a t i o n  an8,lysi.s ( s t e p s  (1) aleehyd-e, and ( s ) ,  ammonia, 
might be requiyed where t h e  coiiiplete d i s t i l l a t i o n  a n a l y s i s  
i s  unnecessary) .  

deoxidized samples a p p e a m t o  be a measure of t o t a l  
ethylenediamine conten t  ( i n  t h e  presence o f  c o b a l t )  **. 
Since  t h e  ethylenediamine tends  t o  be e n t i r e l y  coordinated 
i n  one of t h e  fo rms  o f  Salcomine, t h i s  t i t r a t i o n  i s  also 
a mee.sure of t h e  conten t  i n  a sample of substances ha,ving t h e  
s t i w c t u r e  of Salcornine. 

The Karl F i s c h e r  t i t r a t i o n  ( S e c t .  IIIC) on 

The r e s u l t s  ob ta ined  by the  remaining determina- 
t i o n s ,  dl-scussed in Fectj-ons I I I D ,  I I I E  and I I I F ,  h e l p  t o  
round o u t  t h e  pictui-e o f  t h e  d i s t r i - b u t i o n  of  products  i n  a 
degraded sample; however, t h e  exac t  i n t e r p r e t a t i o n  o f  t h e s e  
r e s u l t s  i.s not  completely understood and t h e  methods should 
be used wi th  d i s c r e t i o n ;  t h i s  a l s o  a p p l i e s  t o  t h e  determina- 
t i o n s  o f  f r e e  moisture  by t h e  var ious  methods di.scussed 

_ - - - - - -  

"Aldehyde, organic  a c i d ,  ammonia, ethylenediamine, 
degraded r ldehgde . 

determined by d i s t i l l a t i o n  analysis. 
**And thus 1s a clieck on t h e  ethylenediamine value 
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I n  S e c t i o n  IIIc:. Finally, s i n c e  the methods d e s c r i b e d  
above do  n o t  g i v e  d e t a i l e d  informa-tl.on 3s t o  t h e  d i s -  
c regoncy  between obse rved  capacfLy and c o n t e n t  of  compounds 
havinp,  t h e  s t r u c t u r e  of Salcomi.ne 
by these methods mag not be justified. 
recommcnded, i n  g e n e r a l ,  t h2 . t  the; f i r s t  chemical a n a l y s e s  
ma.de a c c o r d j n g  t o  th:Ls r e p o r t  be determln9 , t ions  of t o t a l  
Cc), total R ,  c apa . c l ty  and  Kzrl  ~ i s c ; i ~ ~ r - t i t e r - o n - d e o x i d i z e d -  
material; if t h e r e  s h o u l d  be f a . l r  a g r e e n c n t  between t h e  
ca.prci . ty  znd B r i r l  F i s c h e r  titer, t l ier i  d i s t i l l a t i o n  analys1.s 
and p c s s i b l y  t h e  o t h e r  analyses rnight be of i n t e r e s t .  

de t . a . i l ed .  chemica l  analyses 
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