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1’iirouu }iout the S U I I 1 I h 4  r the pci m i p a l  i1l\ ’ u s~ i ;ci i I )r. ~i a r u : i 1  S.
Sv:nin r~~i i i c d  to v:ork o:i the  p I ’ u ( c t , a l t h o u L ~h Mr .  l I c ~~rv ‘. ;~~s r~’.v~r.
d u r i n g  June , Ju l y and Augus t .

As n oted in prcv ious  reports , the  ni ~ajor  p r o b l e n i  1r~F Lc ’ n t L~ of
betw Ofl pU S sihic choices  for  the six subs i d ia ry  nd it  I S th~ re  f l t  , ifl

a d d i t i o n  to th e  l i nea r  model  and  leas t  squares, I i t o  n t  - dcciv  : ~~ ‘l’ . t  t . :

and r e a c t i on  cons tan ts .  To be phys ica l l y i n i  f i  • u a -
~~ ‘~~i a ‘ - - ..~~~

for  each r t ’n c t i o n , which r ep resen t  P s  ~~ r .~i t  i v i t v  U ’  ~~ .1 \ i

L a s i c i t y  r e spe c t ive ly ,  mus t  be zero or ~r n t e r  ~r t ; r  t i : . iv e  . H .  -:0

order of solvent  a c i d i t ie s  m u s t  be C}-’3 COOH > ( ‘f t  ( ( 
~ ~ ~~

‘ I :~~ . he a .

order of solvent bas ic i t ies  mus t  be H 20> CII 3 COOII > ( T V 3 ( ‘
~ 0 ) I h  T~~ao v  P P  i1~llv

a t t r a c t i v e  choices fail to satisf y these cr i ter ia  and acco~a.h n g lv have  1 o\: been
rejected.

The choices excluded in t h i s  way inc lude  many  t wet - c  fo~’roerl’: ~~~~ a ’at cd
by us and by others  in the l i t e r a tu re .  Each of th em can be v~ -ac~a a i r  ed or
summar i zed  by a pair  of c r i t i ca l  condi t ions , since the  o ther  foui ’ c on d i t i on s
associa ted  wi th  each choice a re  ir’ivar iabl y Con ’. e rr e d  only  w i t h  ‘he  a rb i t r a r y  and
physically u n imp o r t a n t  spec i f i ca t i on  of r e f er e n c e  lve i~ s ( fu r  v:a~ch one or b oth
of the solvent constan t s  is zero) and s tandard  so lvont s  or r ea c t i o n s  (for which
one or both of the conn ~an t s  is un i ty ) .  L is ted  below ~.r e six t y p i ca l  oat  enable
p a i r s  of c r i t i c a l  c o n d i t i o n s , each w i t h  a der ived order  t h a t  v i T h~ es one of the
c r i t e r i a  in the parag rap h abov e, and t h r ee  more  accep~aLic ones.  ~ ::b s c r i n t  5
re fe r  to the solvents (3) and react ions  (I)  in Tables I and  II.

A 1/B 1 3A 2/T3~ and A~/13~ 3A 3/ F.3 ( 1 0 2 )

gave very  negat ive  B7

B1 0 and A 3 0. (S3 )

gave very  n e g a t i v e  137

136 = B9 and A 3 = 0. (s7 )

gave ve ry  n cg a t i ve  B7

A~~CCI = & and B7 U . (a 3 )

gav e I1 *.’ i tJ lt i V (  A 7

A d, 3 CCI A~ . (  )A c  tind l~7 0. (-7 (h i )

VC ~~Ii> ’~ 9 > ’~~l

A7 A a r id I ‘,~ 0. ( 7 Oh)  ‘C h’t ~~ i~s
V~A~~ “~C~ Q

~ i t v (  V ir > V q > V 1 jI ’I , iGA ~ i~V

A 3 - 0 m d  1 0 ( 1)

J~aVc \ i~~
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Y~ and  R~ 0. 
- 

( 1 0 1 )

gave  J ) u S s i I ) l e  va lues

= Y 10 ar id  B7 = 0. ( 10 3 )

gave possib le  values

v:e ha v e  processed more  t h a n  7 5 d i f f e r e n t  choices wi th  o t i r  1)C)\ l (d i :a l

~bi i r :~ e vect  r eva lua t i on )  c o t a  ut e r  p r o g r a m  to  obtain con — u,i. ~~dj  n~ sets  of
s 1- . nt  an d r eac t i on  c 2 ( ’ r I s t a n ~ s, hut  I i iv e  now exc l u ded , and  i iv e  not ev en
i n c lu d e d  in the above list , any tha t  i n i v i  ly e  e i th e r  or thr i go i i a l ity  (~— X V  0 .)  or
zero c o v a r ian e c  h v w e en  solvent ac id i t y  (X) and solvent  bas ic i t y (Y) for  all
the solvents  considered , because , as we recen t l y d iscovered and dcm on ; :~t r a t e d
in our last  ( e i g h t h )  s ta tus  report , such s t a t i s t i ca l  s t a t e me n t s  are general ly
inva l id . However , we can now addi t ional ly exclude  many o thers  including the
f i r s t  six in the above list.  The f i r s t  of them (condi t ions  102) ,  used by us in our
f i rst  dual  f a c to r  anal ysis (wi th  R. 13. Mosely and D. E. Bo- .’n , J. Amer .  Chem.
Soc. , 77 , 3731 ( 19 5 5 ) ) , can be excluded because Dimroth ’ s E’p series (not
measured  or avai lable  when our earlier anal ysis was done) acqui res  a nega t ive
A reaction cons tant  (for sens i t iv i ty  to solvent acidi ty)  under  these condit ions.
The last of them (103) gives resu l t s  ra ther  close to the preceding one (101) ,  was
used by Schleyer  in recent  anal yses (J. \V . Bent ley ,  F. L. Schadt  and P. v . R.
Sclmleyer , 3. Amer .  Chern. Soc. , 94 , 991 ( 197 2 ) ) , cannot  be excluded by the
c r i t er i a  given in the second paragraph , and is probabl y only sl ightl y in error ,
but we n ow b e l i eve  tha t  it i s  not s u f f i c i e n t l y  a ccu ra t e  to be accep tabl e for  the
fo l lowing reasons: (1) s ince  formic  acid is considerabl y s tr onger  than  acet i c  acid ,
it is s t a t i s t i ca l ly  un 1iI~ely that  their  basicit ies a re  exactl y equal ;  (z )  expe r imen ta l
resul t s  ind ica te  that  the i r  bas ic i t ics  a re  s ign i f ican t l y un equal , w i t h  t h e  b a s i c i ty
of formic  acid somewhat  higher t h an  that  of a c e t i c  acid (P . E. Peterson and
F. J. \Valler,  ibid. , 94 , 99 1 (197 2));  (3) assumed equal i ty  leads  to the  conclusion
tha t  an ether  ( 1 , ~ -d imethoxy e th ane)  is a s tronger base t h a n  water , w h i c h  scen t s
un l ike l y.

\Vhether  this last conclusion is unl ikel y or not depends , of course , on the
re la t ive  i m po r t a n c e  of two in f luences , one of which  coul d inc rc ’ase  thc - ba s i c itv
of w a t e r  r e l at i v e  to e thers , and the other of which could 7- cc i i ice  i t .  The f i r s t
(probably o u n c e  i m p o r t an t )  is h ydrogen b o n d in e .  wh ich  woul d probably i nc rea se
the - hasi  c i ty  (>1 water  or alcohols by making  th en  1 sli g htl y rc~~i - i ~~b le  h ydrox He on’
a l l i ox i de  in n:s .  The second is t h e  elect r o n — s u p p ly ing  i n d u c t i v e  e f f ec t  of a l k v l
gr ou ps  r e l a t iv e  to i n v d r uj c n , which m i  ~‘ht mn ~~L -  th e  et h e r  a si i g ht lv s t r c ’n  -r  ‘:0 ,

but which  v. v.-ou ld not exp e c t  to be Si gu i  f i  ( - an t  he re  beca n r c  in a p r ev i ou S  at  ~~~ s is

of t ;u i s ? i U i e i i t  e f fe c t s  (C. C. S w a i n  and I h  C. Lup ton , J r . ,  i h i -L , 90 , •13~~8 ( i O t ’-t )) ,

t i  n f i  t’c~ - ’.i by more  re ent unp ubi  i H ed work , we found  t h e  el~ - ‘.~t r cu i i  c e f f e c t  of
a i l v i  group s  to lu .- t ieg li u ’ i b le  excep t  in s i t u a t i o n s  w h e r e  they can supp ly elec t  r~ ‘1.: ;

t ’- s~~u m ~t f l ( ’ C  (no t  t i - mn i n  et h er s ) .

In : t H v  a o ;t - , i t  ap~~ - a i ’ d to us t h a t  the  most  p r a c t i c a l  v m v  to s et t le  t h i s  i s s n ~-
won1 1 be to  a l l o w  fur  e i t h er r e s u l t  hut  u- ;e ’ ‘~~~~ da ta  to set tle  the  poin t .  I t n  ( h f f  i
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in solvent b a s i c i t y  lu:t v . ecn 11011 and Cll~OlI should he t i m e  san e as the
d i f f e r e n c e  b etween  C 11 3 011 i t !  d U11 30C113 , r e g a r ( l  ess of ~v h i i  cL t i f l u e t m e e  is
d , i m i i r m a n t , b ev ; ,us e  the nu m ber  of hydrogen  h o i td ~ dec rea st s ;  ste adi l y ~2 , 1 , 0)
and the number  of alk y) Su b st i t u t i O n s  i nc r ea se s  steadil y (0 , 1, 2) over t h i s
range of s t r uc tu r e .  There  are rio suitabl e data for  C113 0C 11 3 (because it is
a li quid onl above a tmospher ic  pressure) ,  but (CH 3 OCII 2 -5—-2 is a r e a s o t ah l e
a p p r o x i m a t i o n , hav ing  two ~asonabl y independen t  and  n u n — l i t e r - a c t i n g
func t ions  of the same type- in a molecular  u n i t  of ap p r o x i m m i a t c l v  t w ice  t ime
molecular  weigh t .  Therefore we as sumed  c o n d i t i on s  104 ,

Y 1 —Y 2 Y 2 —Y 13 and B7 0. . ( 1 0 4 )

The resul ts  are  presented in Tables I and II. From the  fac t  that  Y values
for methanol  and 1, 2 -diinethoxyethan e are  ca lcu la ted  to be less t h a n  for
water , we conclude that the  dom inant  i n f l u e n c e  is indeed h ydrogen bond ing ,
as we expected , ra ther  than  the induc t ive  effect  of a k yl groups.

Tabl e I. Solvent Constants  from 52 Data and Condi t ions  104 .

Solvent ac id i ty  Solvent bas ic i ty
J Solvent X Y ~
1 H20 (1 000) a ( 1 . 000) ~
2 CH 3 OH 0. 765 (0. 889)
3 97% CH 3OH 1. 047 0. 838
4 C2 H 5OH 0. 651  0. 881
5 80% CZ H SOH 0 .706  0. 9~32
6 60% C2 TI 5OFI 1. 453 0. 806
7 80% Cl!3 COCH 3 0. 107 b 1. 033
8 70% GB 3 COO-I 3 (0. 000)  1. 087
9 CH 3 CO 2 II 2 . 648 0. 441

10 HCO ~H 2 , 7 3 9  0. 5 7 3
11 CF 3 CO 2 H 5. 456 (0 . 000)~
13 CH 3 OC 1-l 2 CII ~OCI I 3 0. 226 (0 . 7 7 7 )

a 
U n i t y  

1
h osen for w a t e r  for both X and Y to give u n i t s  and va lue s  convenien t

s izes .  H a d e  zero ( th is  soli eht r e f e r e n c e  for ~ t-a lu c s )  because t h i s  solvent
has t i c  h i ~ c-s t X of the 12 solvent s Ii sted. c 1\1 t i de aero ( this  so lven t  r e f e r e n c e

Y \ - a l u m o s )  because  th i s  solven t has the  l owes t  Y of t ime  1?. solvents l is ted.
i’iade V i _ -V z ~~2~~~~i3  ( f i f th one of c o n d i t i o n s  10-1 ) for  reasons given in tex t .

- I -— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .~~~~~~~~~~~ -, , ~~~~~~~~~~~~~~~ — -~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ *~~~~.
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Tabl e ~!. l t e 7 u - t  ion ( ‘ u r i s t a n i t s  f r - n u n  52 1 ) :& ta  and ( ‘o r u d i l  j u t e - u  104

I J~~~~ct ion 
a A B ~~~~ R C

1 (C~1-!5)3 CF + ‘
~~~~

(:
~~~~~ 6 7 . 4 1  . 25. 79 23. 9 - ~~~~~~~

2 (CH 3)3 CC1 + ~~~~~ 10 5. 86 26. 85 29. ~ b 0 . 9789
3 CH 3OTs + H~O °’ 

, 
- ,~ 7 0 . 7 5  8. 26 (50 . 0) 0. 9988

4. A d i n i a n t y l OTs 4 fl .:’) 7 5. 52 23 . rJ7 27 . 4 0 .9950
5 (Cl13)2 CIIOTs + ~~~~~ 6 3. 50 17 . 05 30 . 6 0. 9836
6 Pvr id in ium iodide Z 8 19. 32 85. 68 

d 
28 . 6 0. 9662

7 Dirnroth L’r 5 32 . 14 (0 . 00)  0 . 0 1. 0000~
Py r i d i n e  oxide Z 3 5. 42 22 . 65 27 . 4  —

Over-all: 52 . 0. 98(~i

a Number  of data. b Relative impor tance  of B re la t ive  to reac t ion  3 , defined
as 100 T B1 I / (R A 1 I + I Bi I), where R 1 B3 / A 3 I. 

C Corre lat ic in coef f i c ien t s ,
corrected for samp~e size (degrees of f r eedom)  and magn i tudes  of numbers
(s ta tus  report 4). i\~ade zero (sixth one of con di t io~~s 104) because  this
react ion has the lo?~

est B of the 8 react ions l isted.  To two more f igures ,
this is 0. 999974.  Not calculable because based on only 3 data .

Although a few X values are somewhat  surpr is ing,  (e . g., the lowest  value
for 70% aceton e and a sli ghtl y higher value for  the sopposedl y anh y drou s ether) ,
we consider the resul t s  in these  tables now acceptahl , and a sui table  basis
for  analysis of a wider  range  of solvents and reac t ions , which  we now propose
to under take , using other data accumulated  by Dr. A. L. Powell and ourselves.
This can he done in two ways , which  we propose t o  exi lore successively. Firs t ,
we will apply ord inary  mul t iple least squares to d e t e r m i n e  N and V values for
other solvent s and A and B values for other react ions , w i t h o u t  changing the 24
solvent constan t s  and 16 react ion cons tants  alread y assigned.  Second , we will
pool all of the seemingly reliable da ta  to r eassess all of the cons tants  in one
DOV E analysis. F inall y, we hope to t r ans la t e  the r e su l t s  in to  individual ionic
ac t iv i ty  coef f ic ien ts  for m any organic and ino rgan ic  ions in these  solvents and
solvent mix tures .
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