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REACTIONS OF SOLVATED IONS 

Contract No. A T ( l l - l ) - 3 7 8 

Final Report 

The final report covering the work done under Contract No. A T ( l l - l ) -

378 consists of (A) reprints of journal articles describing work done under the 

contract, and (B) brief summaries of work which has been completed and is 

being prepared for publication. The work begun on the contract and not yet 

completed is being continued at Stanford University (Contract AT(04-3)-326). 

This work is not described in this report but will be described in due course 

in connection with the administration of the current AEC contract. 

A. The titles of the papers published on work done on the contract are 

listed below. 

i . The Uncatalyzed Exchange of Cl" and AuCl". J. Phys. Chem. , 58, 
(1954). (With Ronald L. Rich.) 

2. The Induced Exchange of Cl" and AuCl. . Evidence for Au(II). J. 
Phys. Chem. , 58, 6 (1954). (With Ronald L. Rich. ) 

3. Use of Oxygen Isotope Effects in the Study of Hydration of Ions. J. 
Phys. Chem. , 58, 523(1954). 

4. Tracer Studies on the Decomposition of Ozone in Water. J. Am, 
Chem. S o c , 76, 2099(1954). (With Otto L. Forchheimer.) 

5. Oxygen Tracer Experiments in the Reaction of NO, in Water. J. 
Am. Chem. S o c , 77, 2993 (1955). (With M. Anbar.) 

6. Oxygen Isotope Effects at Anodes. J. Am. Chem. S o c , 78, 3252 
(1956). (With M. Anbar.) 

7. The Mechanism of Formation and Rearrangement of Nitrito-cobalt -
(III) Ammpnia. Jf Am. Chem. S o c , 78, 4886(1956). (WithR.K. Murmann.) 
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8. The Mechanism of Substitution Reaction of Octahedral Complexes . 
J. Am. Chem. S o c , 79, 255(1957). (With F . A. P o s e y . ) 

* 
9. Mechanism of Elec t ron Trans fe r in Aquo Cat ions: The Reaction 

of (NH 3 ) 5 Co(OH 2 ) + + + with C r + + . J . Am. Chem. S o c , 79, 262(1957). (With 
R. K. Murmann and F . A. Posey . ) 

10. The Exchange of Hypochlorite and Hypobromite Ions with Water . 
J. Am. Chem. S o c , 80, 1073 (1958). (With M. Anbar : ) 

11. Halides as Bridging Groups for E lec t ron Trans fe r in the Sys tems 
C r + + + (NH 3 ) 5 CrX + + . J. Am. Chem. S o c , 80, 1084(1958). (With A. E f 

Ogard . ) 

12. Lability of Cr(IV) to Substitution. J. Phys . C h e m . , 62, 357 (1958). 
(With A. E . Ogard . ) 

13. The Deuter ium Isotope Effect for an Oxidation-Reduction Reaction 
between Aquo Ions. J. Am. Chem. S o c , 8L, 1288(1959). (With A. M. 
Zwickel .) 

14. Substitution Coupled to E lec t ron Trans fe r . J. Am. Chem. S o c , 
81, 2906(1959). (Wi thR. T. M. F r a s e r and D. K. Sebe ra . ) 

15. The Outer Sphere Activated Complex in the Reduction of Co(III) 
Species . J . Am. Chem. S o c , IEU, 2915 (1959). (With A. M. Zwickel. ) 

16. T r a c e r Exper iments on the Oxidation of Oxalic Acid. J . Am. 
Chem. S o c , 81_, 3515(1959). (Wi thR. M. Milburn . ) 

17. Activation of Bridging Groups in E lec t ron T rans f e r . II. Posi t ion 
of Bond Breaking in E s t e r Hydrolys is . J. Am. Chem. Soc . , 8L, 5000(1959). 
(WithR. T. M. F r a s e r . ) 

18. Activation by Elec t ron Trans fe r *• Induced C i s - t r a n s I s o m e r i s m . 
J. Am. Chem. S o c , 8L. 5514(1959). (Wi thR. T. M. F r a s e r . ) 

19. Nuclear Magnetic Resonance Studies on Hydration of Cat ions . J . 
Chem. P h y s . , 32:» No. 2, 553(1960). (With J. A. Jackson and J . F . L e m o n s . ) 

20. Flow Adaptation of the Isotopic Dilution Method for the Study of 
Ionic Hydration. J. Chem. P h y s . , 33, No. 1, 206(1960). (With H. W. 
Baldwin.) 

21 . The Oxidation of Captive Oxalate. J . Am. Chem. Soc. , 8_2, 13 
(1960). (With Pa t r i c i a Saffir . ) 

* 
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22. The Transfer of Oxygen in Some Oxidation-Reduction React ions of 
Aquo Complexes . J . Am. Chem. S o c , 82, 526(1960). (With Walter K r u s e . ) 

23. The Reduction of Oxalate by Chromium (II). J . Phys . Chem. , 64, 
1776(1960). (With Ronald M. Milburn.) 

24. The Oxidation of Captive p-Aldehydobenzoate. J . Am. Chem. Soc . , 
82, 4152(1960). (Wi thR. T. M. F r a s e r . ) 

2+ 
25. The Rates and Mechanisms of React ions of Cr (b ip ) , with Co(III) 

Complexes . Fa raday Society Discuss ions , No. 29(1960). (With A. M. 
Zwickel. ) 

26. Kinetics of Some Elec t ron Trans fe r React ions of Cobalt(HI). J. 
Am. Chem. S o c , 83, 793 (1961). (With Allan Zwickel . ) 

27. Organic Anions as Bridging Groups in Oxidation-Reduction R e a c 
t ions . J. Am. Chem. S o c , 83, 1785 (1961). (With D. K. S e b e r a . ) 

28. Remote Attack and E s t e r Hydrolysis on E lec t ron Trans fe r . J . 
Am. Chem. S o c , 83, 2239 (1961). (Wi thR. T. M. F r a s e r . ) 

29. Activation Effects and Rates of E lec t ron Trans fe r . J . Am. Chem. 
S o c , 83, 2242(1961). (Wi thR. T. M. F r a s e r . ) 

30. Malonate as a Bridging Group for E lec t ron Trans fe r . J . Am. 
Chem. S o c , 83, 4172(1961) . (With George Svatos. ) 

31. The Exchange of Methanol between Solvated Cations and Solvent. I. 
Accepted for publication in the Journal of Chemical Phys i c s . (With J. H. 
Swinehart and T. E . R o g e r s . ) 

P a r t B 

1. Isotopic dilution studies on sal ts dissolved in CH0OH (J. H. Swine

h a r t and T. E . Rogers ) . - -At low t e m p e r a t u r e s substitution in the f i r s t coo rd i 

nation sphere of many meta l cat ions becomes slow enough so that the hold-back 

of solvent molecules by the cations can be m e a s u r e d using the isotopic dilution 

technique. To give the maximum yield in the r e s e a r c h , mos t of the work has 

been done close to the lowest t e m p e r a t u r e s possible for liquid CH,OH. 
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Under the conditions found pract icable for the work, some water is inevitably 

p resen t in the solutions, and even small amounts of water have a dramat ic 

effect on the r e s u l t s . 

A hold-back by Mg has been demonst ra ted at -97° and -83°, and the 

ra te of exchange has been m e a s u r e d as a function of t e m p e r a t u r e . The hold

back is l e s s than the value of 6. 0 expected for Mg in CH OH (see paragraph 

following) and the defect i s a t t r ibuted to the c i rcumstance that in species such 

as Mg(CH OH) H 0 + + , Mg(CH OH) (H 0 ) * + e tc . the bound methanol i s so 
J 3 Lt J ^T Ct L* 

labile that exchange for it i s complete by the t ime the f i rs t sample is taken 

(ca. 1 m i n . ) . 

At -65°C and at lower t e m p e r a t u r e s , the nmr absorpt ion of the 

hydroxyl-hydrogen of bound methanol is displayed separate ly from that of 

solvent methanol, and this is t rue also of the hydrogen of the dissolved wa te r . 

By comparing peak intensi t ies , the total coordination number of Mg in the 

solutions i s shown to be 5. 9 +_ 0. 2, and the equil ibrium quotient for the 

react ion 

Mg(CH,OH)*+ + H O = Mg(CH_OH)_H_0++ + CH OH 
3 b 2 3 5 2 3 

has been measu red . 

(c) The observat ions with methanolic solutions of Co(C10 ) a r e a lso 

strongly affected by the water content of the solutions. Again the r e su l t s can 

be in te rpre ted on the assumption that hold-back for Co(CH OH), can be 
3 o 

measured , but the lability of CH OH in the mixed aquo-methanolo complexes 

is so grea t that exchange is complete by the t ime the f i rs t sample i s taken. 
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(d) In solutions of NiCl in CH,OH, the r e su l t s seem st ra ightforward. 

A coordination number of 6. 0 is indicated and the slight defect from this which 

is occasionally observed can be at t r ibuted to displacement of CH OH from the 

cation complex by H O . Rates of exchange a r e perhaps 10 fold slower than 

++ ++ 

they are for Co or Mg complexes . When Ni(GK) ) is used the r e su l t s 

a re e r r a t i c and often display marked curva ture in the McKay plots as well as 

values for total hold-back well in excess of 6. 0. 

(e) Cd -CH OH solvate complexes a r e so labile that exchange is c o m 

plete in 1 minute even at -97°; for Li , exchange is complete in 1 minute even 

at -110° (supercooled solutions). 

(f) Solutions of Fe(C10 ) show behavior like those of Ni(C10.) except 

in more exaggerated form. The initial hold-back indicated for F e in ce r ta in 

exper iments compr i s e s a lmos t the total alcohol contained in the solution before 
18 

the O enriched CH OH is added. Yet in no case is there evidence for a solid 

phase . It should be mentioned that solutions of Co(C10.)_ a lso show anomalously 

high values of init ial hold-back if they a re aged for long per iods of t ime . The 

explanation of the hold-back, whether r ea l or apparent is not known; if it i s r ea l , 

and it is difficult to see how it can be an art ifact , it points to the conclusion that 

e lectrolyte solutions can adopt supe r s t ruc tu re s which l imit the ra te of diffusion 

of solvent molecules , even though the sys tems remain liquid. 

2. Studies on me ta l s and meta l sa l ts in solvents of the amine type 

(Arlen Viste) . --(a) It has been shown that the ca ta lys i s of the react ion 

R3SiH + H2NR' = R3SiNHR' + H 2 

by solutions of Li in the amine R NH is caused by the amide present , and 

ca ta lys i s by solvated e lec t rons is very slight indeed. 
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The proof of this conclusion was possible taking advantage of the d i s 

covery that R SiF r eac t s rapidly with amide, but that it does not oxidize the 

dissolved meta l rapidly. Disappointing as the conclusion was to us , it does 

bring out the point that NH is a much m o r e potent base ca ta lys t than a r e 

solvated e lec t rons . Under the conditions of our exper iments the ra t io of 

-5 -6 

LiNH_/Li was as low as 10 or 10 , yet no ca ta lys is by Li was detected. 

(b) The equil ibrium nitrogen isotopic fractionation brought about by 

some sal ts and by some me ta l s dissolved in liquid NH were m e a s u r e d . As 

is observed for the corresponding m e a s u r e m e n t s in water , the effects depend 

much more strongly on the nature of the cation than of the anion. The effects 

for al l of the sal ts m e a s u r e d a r e positive ( i . e . the salt enr iches the liquid 

relat ive to the vapor with the isotope of higher m a s s ) . The effects dec rease 

in the order Ca > Pb > Li > Na > K . A striking effect is the difference 

observed for a salt such a s LiCl compared to Li; for me ta l s the fractionations 

a r e very small , and may even be negative for some. The compar ison at the 

least , shows that the e lec t rons cannot be r ega rded a s ordinary negative ions 

at leas t in the concentra ted solution which we studied. 

3. Studies on phosphato complexes of the pentammine Co(III) s e r i e s 

0 

(Willfred Schmidt), --(a) A method of prepar ing ( N H j . C o P O • 2 H . O has 

been worked out and descr ibed . None of the methods descr ibed in the l i t e r a 

ture lead to the formation of an inne r - sphe re phosphate complex of the pent-
+ 3 

ammine cobaltic(IJI) s e r i e s . Methods of prepar ing (NH0)_CoPO .(CH_), and 
~> 5 b 4 5 5 

of (NH ) CoPO (CH ) in t r imethyl phosphate and aqueous solutions 
5 o 4 3 6 

respect ively have also been developed, but we were unable to p r epa re pure 

compounds containing these cat ions . 
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(b) The e q u i l i b r i u m quo t i en t s g o v e r n i n g the add i t ion of 1, 2 and 3 

p r o t o n s to (NH ) C o P O . h a v e been d e t e r m i n e d . C o m p a r i s o n wi th the a c i d 
3 5 4 

d i s s o c i a t i o n c o n s t a n t s for H _ P O . m a k e s i t p o s s i b l e to a s s e s s the effect 
3 4 c 

which the t r i p o s i t i v e r e s i d u e (NH ) Co h a s on the ac id i t y of the p h o s p h o r i c 
3 5 

a c i d s . The e q u i l i b r i u m quo t i en t for the r e a c t i o n 

( N H 3 ) 5 C o P 0 4 H 2
+ + H z O = ( N H 3 ) 5 C o O H 2

+ + + H 2 P 0 4 " 

w a s a l s o m e a s u r e d . 

(c) The aqua t i on and h y d r o l y s i s of the ion (NH ) C o P O ( C H , ) w e r e 
3 5 4 5 5 

s tud ied . Aqua t i on i s r a p i d , and t , a t 25° i s a p p r o x i m a t e l y 50 m i n u t e s . The 

r e a c t i o n in b a s i c so lu t ion i s so r a p i d tha t only a l o w e r l i m i t on the spec i f i c 

r a t e can be s e t . In n e i t h e r c a s e i s an a p p r e c i a b l e a m o u n t of m e t h a n o l f o r m e d ; 

in both c a s e s , bond b r e a k i n g t a k e s p l a c e p a r t i a l l y a t the P - O bond (20% for the 

aqua t ion r e a c t i o n and 15% for h y d r o l y s i s ) . Aqua t i on and h y d r o l y s i s a r e m u c h 

s l o w e r for ( N H j _ C o P O . ( C H J _ , and a r e v e r y s low for ( N H j . C o P O . . 
3 5 4 3 Z 3 5 4 

(d) The r e a c t i o n of C r wi th (NH ) C o P O .H i s e x t r e m e l y r a p i d , 

3 5 4 2 

and p h o s p h a t e t r a n s f e r f r o m Co(IH) to Cr ( I I ) a c c o m p a n i e s e l e c t r o n t r a n s f e r . 

++ +++ 
The r e a c t i o n of C r wi th (NH ) C o P O (CH ) i s m u c h s l o w e r and i s z e r o 

3 5 4 5 5 
o r d e r in (Cr ). The spec i f ic r a t e i s the s a m e a s for the aqua t i on of 
(NH ) C o P O (CH ) . The r e s u l t s show t h a t d i r e c t e l e c t r o n t r a n s f e r to the 

3 5 4 5 5 

c o m p l e x i s s low, and the r e a c t i o n w a i t s on the f o r m a t i o n of the a q u a t i o n 

p r o d u c t ( N H j c C o H 0 + + . The r e a c t i o n of C r + + w i th ( N H J c C o P O / 1 ( C H , ) ! + i s 
3 5 2 3 5 4 3 2 

f i r s t o r d e r in e a c h r e a g e n t and t a k e s p l a c e a t an e a s i l y m e a s u r a b l e r a t e . 
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(e) The e x p e r i m e n t s on p o s s i b l e a c t i v a t i o n e f fec t s a c c o m p a n y i n g 

e l e c t r o n t r a n s f e r a r e c o n c l u s i v e only in p a r t . No e v i d e n c e of oxygen e x c h a n g e 

= ++ ++ 
b e t w e e n P O and w a t e r w a s found in the r e a c t i o n of C r wi th (NH ) C o P O H 

o r of C r wi th C r ( H I ) - H P O c o m p l e x . E r r a t i c r e s u l t s w e r e ob t a ined in the 

++ ++ 
s e a r c h for p r o d u c t i o n of CH_OH in the r e a c t i o n of C r wi th ( N H J c C o P O . ( C H j , , 

3 3 5 4 3 2 

y e t the c o n c l u s i o n s e e m s def in i te t ha t no f r ee CH OH i s p r o d u c e d in the r e a c t i o n . 

H o w e v e r , a c o m p o n e n t m a y be p r e s e n t in s o m e of the p r e p a r a t i o n s wh ich d o e s 

++ + 
f o r m C H - O H on r e a c t i o n wi th C r , and t h i s c o m p o n e n t m a y be (NH_)_CoPO . C H , . 

3 3 5 4 3 

F u r t h e r w o r k on t h i s p h a s e of the s tudy i s c a l l e d f o r . 

T w e l v e g r a d u a t e s t u d e n t s , s ix p o s t - d o c t o r a l r e s e a r c h fe l lows and t h r e e 

u n d e r g r a d u a t e s r e c e i v e d t r a i n i n g wh i l e c a r r y i n g out the w o r k r e f e r r e d to in 

t h i s r e p o r t , 


