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The h y d ro ly s is  o f  octanohydroxam ic and N -m ethyloctanohydroxam ic 

a c id s  i n  th e  p re se n c e  o f  c a t io n ic  and a n io n ic  m ic e l le s  was I n v e s t i ­

g a te d .  R ate c o n s ta n ts  were d e te rm in e d  f o r  th e  h y d ro ly s e s  in  c e t y l -  

trim ethylam m onium  brom ide ( c t a b ) ,  th e  c a t io n ic  s u r f a c ta n t ,  w ith

0.1111 N NaOH and in  sodium 1 -d o d e c a n e su lfo n a te , th e  a n io n ic  s u r ­

f a c t a n t ,  w ith  0.09270 N HC1 a t  50 .01  ± 0 .11°C . The a c id  h y d ro ly s is  

and th e  base  h y d ro ly s is  o f  N -m ethyloctanohydroxam ic a c id  fo llo w ed  

th e  s ta n d a rd  model f o r  m ic e l l a r  c a t a l y s i s :

K
Micelle + Substrate I! Micelle”Substrate

Product

where k and k were th e  r a t e s  o u ts id e  and in  th e  m ic e l le ,  r e s p e c -  0 m
t i v e l y .  The base  h y d ro ly s is  o f  octanohydroxam ic a c id  fo llo w ed  

pseudo z e ro -o rd e r  k in e t i c s  above 4 .9 2  x 10 M c ta b  and pseudo f i r s t -  

o rd e r  k in e t i c s  below  t h i s  s u r f a c ta n t  c o n c e n tr a t io n .
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CHAPTER I 

A BRIEF REVIEW 

Micelles

Within recent years, interest in micelles has expanded.
1 2Fostered by improved or new techniques, the understanding of

micellar phenomena has grown. Additional impetus has come from the 

many applications of micelles. Development has ranged from initial

use as cleansing agents, i.e., soaps and detergents, to emulsion
3 4polymerization, enhanced oil recovery, and possible fuel

production from photochemical splitting of water.^ In addition,

similarities between surfactant monolayers, micelles, and vesicles

to phospholipid regions in biological systems and, primarily,
7enzymes have suggested micelles as a model for cell walls and

g
enzyme catalysis. The latter suggestion has led to increased 

interest in examination of mechanisms of miceliarly catalyzed 

reactions.
g

Although micelles may mimic enzyme catalysis, structurally

few similarities exist between enzymes and micelles. The basic

structural unit of a micelle, the surfactant, belongs to the general
aclass of compounds called amphiphiles, which are characterized by

possessing distinctive hydrophobic and hydrophilic portions. A

commonly encountered surfactant, sodium lauryl sulfate (CH^CRl,)^"
—  +.OSO^ Na ), is found in many shampoos. Further classifications, 

according to the hydrophobic portion, are ionic— anionic and

1
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c a t io n i c — and n o n - io n ic — z w i t te r io n ic  and p o l a r . ^  The exam ple 

i s  a n io n ic .

M ic e l la r ly  c a ta ly z e d  r e a c t io n s  a r e  m ost o f te n  c a r r i e d  o u t in

aqueous s o lu t io n ,  and a t  low c o n c e n tra t io n s  io n ic  s u r f a c ta n t s  behave

11l i k e  s o lu t io n  e l e c t r o l y t e s .  Above a  c e r t a i n  s u r f a c ta n t  concen­

t r a t i o n  th e  monomers ( s u r f a c ta n t s )  undergo  c o o p e ra tiv e  a g g re g a tio n  

and form  m ic e l l e s .  T h is  c o n c e n tr a t io n  i s  th e  c r i t i c a l  m ic e lle  

c o n c e n tr a t io n  (cm c). Io n ic  m ic e l le s  (shown in  F ig u re  1) can

X th e  c o u n te r io n  
Q _ th e  h y d ro p h il ic  p o r t io n

th e  hydrophob ic  p o r t io n

(up  to  s e v e r a l  hundred  A)

th e  S te rn  la y e r  
(a few A)
th e  co re  
(10 -  28 A)

F ig u re  1 . A S p h e r ic a l  I o n ic  M ic e lle  in  C ross S e c tio n

be d e s c r ib e d  a s  sp h e re s  w ith  th e  hydrophob ic  p o r t io n  com posing th e

volum e, known a s  th e  c o r e ; th e  h y d ro p h il ic  p o r t io n  fo rm ing  th e

s u r fa c e  a r e a ,  c a l l e d  th e  S te rn  la y e r ;  and  c o u n te r io n s  su rro u n d in g  
o u

th e  sp h e re . * ' A dynamic e q u i l ib r iu m  e x i s t s  betw een th e  monomer

3 8 12in  s o lu t io n  and in  th e  m ic e l le .  ' Monomers le a v e  w h ile  o th e r s  

combine w h ile  s t i l l  o th e rs  p ro tru d e  from  th e  m ic e l le .  T h is  means

R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



3

the Stern layer, which has a net charge, is not sharply defined.
11 13Micelle shape is dependent on the surfactant concentration, ' 

temperature,^ and other compounds in solution, ̂  ^  i.e.,

electrolytes as well as non-electrolytes. Other aggregate shapes
3 11 3 3are elipsoid, rod-like, and lamellar. Micelle size is

11described by the aggregation number (N), which is the number of

monomers per micelle, and the length of the aliphatic chain of the 
13surfactant.

Catalysis occurs when micelles are present. Micelle formation

begins at the cmc, which is experimentally determined by a change in

a physical or spectroscopic property with a variation in surfactant

concentration. The cmc is dependent on many factors, such as: alkyl
14chain length, unsaturation, and chain branching of the surfactant.

The cmc is affected by external influences, like electrolytes,
14which decrease the cmc. Solution electrolytes exist in equilibrium

with the surfactant counterions. Sixty to seventy percent of
13surfactant counterions are "bound" to the micelle. Counterion 

"binding" is not like enzyme binding, but is a decreasing concen-
13tratiun of counterions with increasing distance from the micelle.

The reactant is usually of low solubility in water and, there­

fore, more soluble in the micellar core. Solubilization of the 

reactant is similar to an extraction in that the reactant is 

distributed between two phases: the bulk solution and the micelle.^

Knowing the location of solubilization can aid in the interpretation 
15of the catalysis. Polar reactants are expected to be located near
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th e  s u r fa c e ,  a m p h ip h ilic  compounds have th e  p o la r  p o r t io n  on th e

s u r fa c e  and th e  a lk y l  c h a in  to w ard s  th e  i n t e r i o r ,  and hydrocarbons

13a re  s o lu b i l i z e d  in  th e  c o re .

One e x p la n a tio n  f o r  th e  o b serv ed  c a t a l y t i c  e f f e c t  i s  t h a t  th e  

r e a c t a n t s  a r e  b ro u g h t in to  c lo s e  p ro x im ity . A h ig h e r  c o n c e n tr a t io n  

o f  r e a c t a n t s  i n  th e  m ic e l la r  m icro -env ironm en t r e s u l t s  in  a  r a t e  

enhancem ent w ith  no in c re a s e  i n  th e  r a t e  c o n s t a n t . ^  A nother view , 

t r a n s i t i o n  s t a t e  s t a b i l i z a t i o n ,  o c c u rs  when th e  ch arg e  in  th e  t r a n ­

s i t i o n  s t a t e  i s  s t a b i l i z e d  r e l a t i v e  to  th e  r e a c ta n t  s t a t e  compared 

to  th e  b u lk  phase  by th e  ch arg e  i n  th e  S te rn  l a y e r .  ( I f  th e  t r a n ­

s i t i o n  s t a t e  i s  d e s t a b i l i z e d ,  i n h i b i t i o n  o f  th e  r e a c t io n  o c c u r s .)

R ate enhancem ent now o c c u rs  b ecau se  o f  an  in c re a s e  in  th e  r a t e  

17c o n s ta n t .  R ate in c re a s e s  can a l s o  be a  r e s u l t  o f  b o th  th e  above

F or u n im o le c u la r  r e a c t io n s  th e  s ta n d a rd  k in e t i c  scheme i s  shown

F ig u re  2 . S tan d a rd  K in e t ic  Scheme f o r  M ic e l la r  C a ta ly s is

where k and k a re  th e  r a t e  c o n s ta n ts  in  b u lk  s o lu t io n  and in  th e  o m
0

m ic e l le ,  r e s p e c t iv e ly ,  and K i s  an  e q u il ib r iu m  c o n s ta n t .  T h is  

scheme le a d s  to  th e  r e l a t i o n s h ip  in  E q u a tio n  1, where kQ, k^, and

e f f e c t s

in  F ig u re  2

K

M ic e lle  + S u b s tra te  ~ M ic e l le ‘ S u b s tra te

P ro d u c t

K a re  th e  same a s  above, i s  th e  b u lk  s u r f a c ta n t  c o n c e n tra t io n ,
Q

and N i s  th e  a g g re g a tio n  number.
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18-21E q u a tio n s  developed  from  b im o le c u la r  r e a c t io n  th e o r i e s ,

w hich a l s o  ta k e  in to  acco u n t th e  p a r t i t i o n i n g  o f  th e  second  r e a c ta n t

between bulk and micellar phases, axe more difficult to use than
19E q u a tio n  1 . E q u a tio n  2 , d e r iv e d  by Romsted '  f o r  b im o le c u la r  

r e a c t io n s ,  i s  one such e q u a t io n .  In  E q u a tio n  2 , 1^ i s  th e  t o t a l

k (3SK (C. -  cmc) k„  = ----------- 5 _ a l i -------- 1- - - - - - - - - - -  +  <2----------  ( 2 )
Dc (0 t  -  cmc) + l ] [ l t  + Xt K j] [Ka  (0 t  -  cmc) + l ]

c o n c e n tra t io n  o f  th e  r e a c t iv e  h y d ro p h il ic  io n , i s  th e  t o t a l  

c o n c e n tr a t io n  o f  th e  s u r f a c ta n t  c o u n te r io n , i s  th e  t o t a l  s u r ­

f a c t a n t  c o n c e n tr a t io n ,  f3 i s  th e  d eg ree  o f  c o u n te r io n  b in d in g  to  th e  

S te rn  la y e r ,  and S i s  th e  m olar d e n s i ty  o f  th e  m ic e l la r  p h ase . K
3.

i s  th e  e q u i l ib r iu m  c o n s ta n t f o r  th e  o rg a n ic  s u b s t r a t e ,  i s  th e  io n

exchange c o n s ta n t  f o r  th e  h y d ro p h il ic  r e a c ta n t  and s u r f a c ta n t  io n s ,

and  k_, k , and k a re  th e  second o rd e r  r a t e  c o n s ta n ts  o v e r a l l ,  and 2 m to
in  m ic e l la r  and b u lk  p h a se s , r e s p e c t iv e l y .  However, th e s e  th e o r i e s  

a l s o  le a d  to  e q u a tio n s  s im i la r  to  E q u a tio n  1 under c e r t a in  c ircum ­

s ta n c e s  and. Î _ = c o n s ta n t)  and tre a tm e n t by th e  s ta n d a rd

17 22k in e t i c  scheme and E q u a tio n  1 h as  been  s u c c e s s f u l ly  done . '

More detailed and thorough discussion of micelles can be found 

in references 8 and 10.
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A cid H y d ro ly s is

6

Hydroxamic a c id  h y d ro ly s is  w jth  a n io n ic  s u r f a c ta n t s  has  bee.:

23 2^re p o r te d  and th e  mechanism i s  shown below .

0 OH
II . + I -

R-C-NEOH + H ,0 =  R-C-NROH + HO (3 )
^ +

OH OH

1 '  1 'R-C-NROH + H„0 -  R-C-NHOH (k )
2 I

H°H

OH OH
I ,  t + -

R-C-NROH -  R-C-N-ROH (5)
I I I

H°H H°  H

HO HO 0
I + „ I f a s t  || +„

R-C-N-ROH -  R-C+ + NROH ~  R-C-OH + H_NR0H (6 )
I I l l 2

HO H HO H

These s tu d ie s  in v e s t ig a te d  s u b s t i tu e n t  e f f e c t s  w ith  p h e n y l-

23

25acetohydroxam ic a c id s .  H y d ro ly s is  o f  an a lk y lh y d ro x am ic  a c id ,

octanohydroxam ic a c id ,  w ith  sodium d o d e c y ls u lf a te  h a s  been r e p o r te d .

The h y d ro ly s is  in  0 .203  N HC1 a t  50.7°C  and in  a  C^ ran g e  o f  0 .0 1 -

0 .0 6  H found k = ¥ k 8  x 10_3 se c - 1 , K/n = 119, and k / k  = 9 .7 ^ . m m o

No r e p o r t s  o f  ^ - s u b s t i t u t e d  a lk y lh y d ro x am ic  a c id s  were found; however,
2l\

th e  N - s u b s t i tu te d  ary lh y d ro x am ic  a c id  h y d ro ly s is  h as  been s tu d ie d .
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One p u rpose  o f  t h i s  t h e s i s  i s  to  s tu d y  th e  a c id  h y d ro ly s is  o f  a  

N - s u b s t i tu te d  a lky lhyd roxam ic  a c id .

Base H y d ro ly s is

Base h y d ro ly s is  o f  hydroxam ic a c id s  i n  b u lk  s o lu t io n  has  been 

26r e p o r te d .  I t  was n o te d  in  th e s e  r e p o r t s  t h a t  th e  hydroxam ic a c id  

can  be in  one o f  th r e e  form s (E q u a tio n  ?) under b a s ic  c o n d i t io n s .

0 0 HO
li I!- I

R-C-NH-O" ~  H-C-R-OH -  R-C=N-0_ (? >

A B C

27Form B p red o m in a te s  and form  C i s  in  m inute am ounts. Both form s A

and B can r e a c t  w ith  w a te r  and b a se ; t h e r e f o r e ,  a  more co m p lica ted

28-30i n t e r p r e t a t i o n  may be e x p e c te d .

The second  purpose o f  t h i s  t h e s i s  i s  to  m easure th e  r a t e  o f  

h y d ro ly s is  o f  octanohydroxam ic and  N -m ethyloctanohydroxam ic a c id s  in  

b ase  w ith  a  c a t io n ic  s u r f a c ta n t ,  ce ty ltrim ethy lam m onium  brom ide.
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CHAPTER I I  

EXPERIMENTAL PREPARATIONS AND KINETICS 

Compounds

P re p a ra t io n  o f  Sodium 1 -D o d ecan esu lfo n a te  S u r fa c ta n t

31The sulfonate surfactant was prepared "by the general reaction

0
11

R-CH_-Br + S0„ -* R-CHo-S -0 -  + B r . (8 )
2 3 2 n

0

Sodium s u l f i t e  (51*5 S» 0 .4 0 8  mol) was d is s o lv e d  in  150 mL o f  d i s ­

t i l l e d  w a te r .  To th e  c l e a r  aqueous s o lu t io n  1-brom ododecaue (82  mL, 

0 .31 mol) was ad d ed . The tw o-phase  system  was c a r e f u l ly  r e f lu x e d  

w ith  added b o i l in g  c h ip s  to  av o id  bumping and foam ing. When th e  

o rg a n ic  la y e r  was no lo n g e r  a p p a re n t (144 h r s . ) ,  th e  r e a c t io n  was 

s to p p e d . Upon c o o lin g  a  la rg e  mass o f  w h ite  p r e c i p i t a t e  was form ed. 

I t  was b roken  and d is lo d g e d  from  th e  r e a c t io n  f l a s k ,  and w a te r  (250

mL) was used  to  wash th e  f l a s k .  The r e s u l t i n g  s lu r r y  was f i l t e r e d .

The s o l i d  was c ru sh e d  (m o rta r  and p e s t l e ) ,  suspended  in  w a te r (250 

mL), co o led  (~ 2°C ), f i l t e r e d ,  and a i r  d r ie d .  The d r ie d  s o l id  was 

cru sh ed  and th e n  was e x t r a c te d  two tim e s  w ith  h o t p e tro leu m  e th e r  (65  

-  110°C) to  remove any d o d ecan o l o r  d o d ecy l b rom ide. L a s t ly ,  i t  was 

f i l t e r e d  and a i r  d r ie d .  M ethanol ( 1 .4  L) was used  to  c r y s t a l l i z e  

th e  c ru d e  p ro d u c t .  I t  was tw ic e  r e c r y s t a l l i z e d  from  95% e th a n o l .

The y ie ld  was 43/2 (b a se d  on 1 -brom ododecane). IR, NMR (T ab le  1 ) ,  and 

e le m e n ta l a n a ly s i s  (G a lb ra i th  L abs, I n c . ,  T ab le  2) o f  th e  p ro d u c t

8
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TABLE 1

S p ectra l A nalysis o f  Sodium 1-D odecanesulfonate

S ec tio n 3-
o f

M olecule

IRb 1 c H-NMR

Frequency

(cm- 1 )

Remarks Chemical
S h if t

[6(ppm)U

R atio

a 0 .9  (b) 3 -3

3 1 .3 4  (s ) 2 0 .0

y 3 .1 9  ( t ) 1 .9

e 1200 Vs°2
Symmetrical

6 1465
Vs°2

Ant isymme * r i c a l

a  CH^ -  ( GH2) lo  “ CH2 ~ S03 Na+ 

a  3 v €

b KBr p e l l e t ,

c T r if lu o r o a c e t ic  a c id  a s  s o lv e n t .

TABLE 2

Elem ental A n a lysis  o f  Sodium 1-D odecanesulfonate

A n a ly sis % C % H % S

Observed 5 2 .8 4 9 .1 ? 11 .8 2

C alcu lated 51.91 9 .2 5 11 .77
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32 33co rresp o n d ed  to  th o s e  o f  th e  d e s i r e d  s u b s ta n c e . The s u r f a c ta n t

was s to r e d  in  a  d e s ic c a to r  o v e r s o l id  p o ta ss iu m  h y d ro x id e .

P u r i f i c a t i o n  o f  C etyltrlm ethylam m onium  Bromide,

LCH3(CH2 ) 15N(CH3 )^  Br ~ ]

C etyltrim ethylam m onium  brom ide ( c ta b )  was p u rch ased  from E a s t -

34man Kodak Co. F u r th e r  p u r i f i c a t i o n  was done by r e c r y s t a l l i z a t i o n :  

th r e e  tim e s  from an  a c e to n e :95% e th a n o l  (2 0 :1 , v /v )  m ix tu re  and once 

from  m e th a n o l:e th e r  ( e th e r  was th e  n o n - s o lv e n t ) .  Oven d ry in g  a t  

110°C cau sed  some d eco m p o sitio n  o f  th e  compound; th e r e f o r e ,  th e  

c r y s t a l s  were a i r  d r ie d  a t  room te m p e ra tu re .  The IR and NMR o f  th e  

compound were compared to  p u b lish e d  s p e c t r a .  The e le m e n ta l

a n a ly s i s  (G a lb ra i th  L abs, I n c . ,  T ab le  3 ) anc  ̂ th e  s p e c t r a  were s a t i s ­

f a c to r y .

TABLE 3

E lem en ta l A n a ly s is  o f  C etyltrim ethylam m onium  Bromide

A n a ly s is % C % H % N

O bserved 62.43 11.66 4 .0 3

C a lc u la te d 62.61 11.62 3 .8 4

P re p a ra t io n  o f  O ctanohydroxam ic A cid , CCH3 (CH2 )^C0NH0H]

O ctanohydroxam ic a c id  was s u p p lie d  by Dr. D. C. B e rn d t. The 

o b se rv ed  m e ltin g  p o in t ,  d e te rm in ed  w ith  a  Thomas Hoover m e ltin g  

p o in t  a p p a ra tu s ,  was 7 7 .5  -  78.0°C  ( l i t e r a t u r e ,  78 -  790C ) . ^
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Preparation of N-Methyloctanohydroxamic Acid, rcH^(CH^)^CDN(CH^)0H3

The N -m ethyloctanohydroxam ic a c id  was p re p a re d  a c c o rd in g  to  th e
70

p ro ced u re  o f  B ernd t and Ward, and th e  a c id  c h lo r id e  a c c o rd in g  to  

F ie s e r  and F i e s e r . ^  A m ix tu re  o f  o c ta n o ic  a c id  (37*5 roL, 0 .2 3 6  mol) 

and m ethylene c h lo r id e  in  a  1:2  r a t i o  (v /v )  was s lo w ly  added to  con­

s t a n t l y  s t i r r e d  th io n y l  c h lo r id e  ( 0 .7  m o l). When th e  e v o lu t io n  o f  

g a s  s to p p ed , th e  m ix tu re  was r e f lu x e d  u n t i l  no a d d i t i o n a l  g a s  evo lved  

(6  h r s . ) .  U n reac ted  th io n y l  c h lo r id e  and s o lv e n t were removed "fay 

d i s t i l l a t i o n  (room te m p e ra tu re , ap p ro x . 30 mmHg) and th e  re s id u e  was 

d i s t i l l e d  (^ 5 .5  -  ^ 6 . 8°C, 1 .7  -  1 .2  mmHg) to  y ie ld  th e  c l e a r  o c ta -  

n o y l c h lo r id e  ( 36 .1  g , 0.222  mol, 9^  y ie ld  "based on th e  a c id )  which 

was used  w ith o u t f u r t h e r  p u r i f i c a t i o n .

N -M ethylhydroxylam ine h y d ro c h lo r id e  (2 5 .2  g , 0 ,302  mol) was d i s ­

so lv e d  in  m ethanol (2^0 mL, ACS g ra d e ) .  Sodium c a rb o n a te  mono­

h y d ra te  ( 3 7 .5  S 1 0 .303  mol) was added to  th e  m ethanol s o lu t io n  and 

s t i r r e d .  O ctanoy l c h lo r id e  (52  mL, 0 .3 0 5  mol) was s lo w ly  added to  

th e  c o n s ta n t ly  s t i r r e d  ic e -w a te r -b a th -c o o le d  m ix tu re  o v e r a  p e r io d  

o f  one h o u r . The pH was f r e q u e n t ly  checked (pH ydrion  p a p e r , pH 

range  = 6 .0  -  8 .0 )  to  m a in ta in  a  pH ^  7* Sodium c a rb o n a te  was added 

when needed to  m a in ta in  a  n e u t r a l  o r  b a s ic  c o n d i t io n .  F i l t r a t i o n  o f  

th e  s o lu t io n  y ie ld e d  a  c l e a r  y e llo w  f i l t r a t e .  The re s id u e  was washed 

th r e e  tim e s  w ith  m ethanol and th e  w ashings were added to  th e  f i l ­

t r a t e .  Removal o f  th e  s o lv e n t  was accom plished  by e v a p o ra tio n  w ith  

an  a i r  s tre a m . The r e s u l t i n g  y e llo w  o i l  gave a  p o s i t i v e  f e r r i c  c h lo ­

r i d e  t e s t  (se e  " P re p a ra tio n  o f  th e  F e r r ic  C h lo rid e  S o lu t io n " ) .
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C r y s t a l l i z a t i o n  o f  th e  c rude  p ro d u c t was accom plished  from a 

w ater:95/o  e th a n o l  (2 :1 ,  v /v )  m ix tu re . The m ix tu re  was p la c e d  in  a  

f r e e z e r  (~ -2 °C ), seeded , and a llo w ed  to  s ta n d  f o r  s e v e r a l  weeks. 

F i l t r a t i o n  o f  th e  w h ite  c r y s t a l s  was done v e ry  q u ic k ly  by s u c t io n  

th ro u g h  an ic e  c o ld  Buchnei f u n n e l .  T h is  p ro ced u re  was done th r e e  

t im e s . The wet p ro d u c t was d r ie d  in  a  lo o s e ly  co v ered  c r y s t a l l i z i n g  

d is h  in  th e  r e f r i g e r a t o r  f o r  s e v e r a l  m onths. The p ro d u c t was f u r th e r  

d r ie d  in  a  d e s ic c a to r  (d ry in g  a g e n t ,  D r ie r i t e )  in  th e  r e f r i g e r a t o r ,  

and, f i n a l l y ,  s to r e d  in  a  d e s ic c a to r  w ith  f r e s h  d ry in g  a g en t 

( D r i e r i t e )  in  th e  r e f r i g e r a t o r .  The re c o v e re d  y ie ld  o f  N -m ethyl­

octanohydroxam ic a c id  was 9 .6 3  g  (1 8 .4 $  y ie ld  b ased  on N -m ethy l- 

h y d ro x y lam in e ). The m e ltin g  p o in t  was 15 .0  -  1 7 .3 °C» w hich was 

d e te rm in ed  in  a  coo led  o i l  b a th  a llo w ed  to  warm to  room te m p e ra tu re ,

IR, NMR s p e c t r a  (T able 4 ) and e le m e n ta l a n a ly s i s  (G a lb ra i th  Labs,

33 41I n c . ,  T ab le  5) co rresp o n d ed  to  th o s e  o f  th e  d e s i r e d  p ro d u c t. '

A cid and  Base

S ta n d a rd iz a t io n  o f  0 .1854  N S tock  H y d ro ch lo ric  A cid S o lu tio n

P re p a ra t io n  and s ta n d a r d iz a t io n  o f  th e  h y d ro c h lo r ic  a c id

42s o lu t io n  fo llo w ed  th e  p ro ced u re  in  Skoog and W est. Double d i s ­

t i l l e d  w a te r  was used f o r  a l l  s o lu t i o n s .  The h y d ro c h lo r ic  a c id  was 

s ta n d a rd iz e d  a g a in s t  a  sodium h y d ro x id e  s o lu t io n ,  th e  seco n d ary  

s ta n d a rd ,  w hich was s ta n d a rd iz e d  a g a in s t  p o ta ss iu m  hydrogen p h th a la te  

(KHP), th e  p rim ary  s ta n d a rd . KHP was d r ie d  a t  110°C f o r  24 hou rs  

b e fo re  u s e .  P h e n o lp h th a le in  was th e  in d i c a to r .  The r e s u l t s  o f  th e
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TABLE 4

S p e c t ra l  A n a ly s is  o f  N -M ethyloctanohydroxam ic A cid

Section''*'
o f

M olecule

IR 1H-NMRb

Frequency

(cm- 1 )

Remarks Chem ical
S h if t

[ 6(ppm)H

R a tio

a 0 .9  ( t ) 2 .9 6

8 1 .3  (b ) 1 0 .6

Y 2 .4 4  ( t ) 2 .0 5

€ 1620 vc=o
c o n ju g a te d  

and H-bonded

TT 3 .2 5  ( s ) 2 .8 7

4 3190 V0H
H-bonded

€-(i 1390 VC-N

a CH_ - (CH_ ) c - CH0 - CO - NOH - CH0
- vJL_ ^ ------ ...-----

a  P y  € |i tt

b Carbon t e t r a c h l o r i d e  a s  s o lv e n t .

TABLE 5

E lem en ta l A n a ly s is  o f  N -M ethyloctanohydroxam ic A cid 

A n a ly s is  % C % H % N

O bserved 62 .4 6  11 .09  8 .3 2

C a lc u la te d  62 .40  11 .05  8 .0 8
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standardisation are in Table 6.

T a b l e  6

Standardization of 0 .1854  N HG1 Stock Solution

M easurement

T r i a l

1 2 3 4  N as

Secondary S ta n d a rd , 0 .1035 N NaOH

KHP, grams 0 .6186  0.6735  0 .7254  0.8531

NaOH, mL 29 .27  3 1 .8 4  34 .2 8  4 0 .3 8  0 .1035 0 .00008

S tock  S o lu tio n ,  0 .1854  N HC1

NaOH, mL 4 4 .7 0  4 4 .7 9  4 4 .7 7  44 .8 9  0 .1854 0.0003

N o te . T w en ty -fiv e  m i l l i l i t e r  o f  th e  s to c k  HC1 s o lu t io n  was 

u sed  f o r  a l l  t r i a l s  in  th e  s ta n d a r d iz a t io n  o f  0 .1854  N HC1 s to c k  

s o lu t io n .

a  The e x p e r im e n ta lly  com puted s ta n d a rd  d e v ia t io n  w ith  N -i 

d e g re e s  o f  freedom  was s .

P re p a ra t io n  and S ta n d a rd iz a t io n  o f  0 .2222  N, 0.3&59 N, and 0.09078 N 
Carbon D ioxide F ree  S tock  Sodium H ydroxide S o lu tio n s

Carbon d io x id e  f r e e  sodium hyd ro x id e  s o lu t io n  was p re p a re d  

a c c o rd in g  to  th e  p ro ced u re  p ro v id ed  by Dr. R. S te in h a u s  (W estern  

M ichigan U n iv e r s i ty ) . A 50% sodium hyd ro x id e  s o lu t io n  was p re p a re d  

i n  a p o ly e th y le n e  j a r  and a llo w ed  to  s ta n d  u n d is tu rb e d  f o r  a t  l e a s t  

48 h o u rs . D uring t h i s  tim e a  c r u s t  had formed on th e  to p  o f  th e
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s o lu t io n  and any in s o lu b le  c a rb o n a te  s a l t s  would have s e t t l e d  to  th_

b o ttom . The c le a x  m iddle s o lu t io n  was removed by i n s e r t i n g  a  p ip e t ,

w ith  p o s i t i v e  p re s s u re  on th e  p ip e t  b u lb , th ro u g h  th e  c r u s t .  T h is

p ro ced u re  p re v e n te d  s o l id  from b e in g  tr a p e d  in  o r  on th e  t i p  o f  th e

p ip e t .  A pproxim ately  24 mL o f th e  s o lu t io n  was removed and added to

2 l i t e r s  o f  f r e s h ly  b o i le d  double d i s t i l l e d  w a te r and  th e  s o lu t io n

was s to r e d  in  a  t i g h t l y  s e a le d  p o ly e th y le n e  b o t t l e .  T h is  s to c k

42s o lu t io n  was s ta n d a rd iz e d  by th e  p ro ced u re  in  Skoog and W est. KKP 

was th e  s ta n d a rd  and p h e n o lp h th a le in  was th e  i n d i c a to r .  The r e s u l t s  

a re  c o n ta in e d  in  T ab le  7* Two o th e r  s o lu t io n s  a t  a p p ro x im a te ly  h a l f  

and double th e  s to c k  s o lu t io n  c o n c e n tr a t io n  were made and s ta n d a r ­

d iz e d  by th e  same m ethods. The r e s u l t s  o f  th o s e  s ta n d a r d iz a t io n s  

a r e  a ls o  l i s t e d  i n  T ab le  7*

A d d it io n a l  P re p a ra t io n s  

P re p a ra t io n  o f  th e  F e r r ic  C h lo rid e  S o lu tio n

A f e r r i c  c h lo r id e  s o lu t io n  was p re p a re d  a c c o rd in g  to  th e  

fo llo w in g  r a t i o :

H£0 (mL) : HC1 (c o n c .,  mL) : F e C l ^ ^ O  (g) = 100 : 10 : 1.

The f e r r i c  c h lo r id e  s o lu t io n  was used  a s  a  quencher and in d i c a to r .  

F e r r i c  io n  and hydroxam ic a c id s  form com plexes w hich have a  v i o l e t  

o r  maroon c o lo r .

C a l ib r a t io n  o f  O il  Bath Therm om eter

The o i l  b a th  therm om eter was c a l ib r a t e d  a g a in s t  a therm om eter
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TABLE 7

S ta n d a rd iz a t io n  o f  0 .2222  N, 0 .3659  N, and 0 .09078  N 
Carbon D ioxide F ree  NaOH S tock  S o lu tio n s

M easurement 1

T r i a l

2 3 4 N as

0.2222 N NaOH

KHP, gram s 1.1516 1 .0155 0 .9226

NaOH, mL 25.37 22 .38 20 .32 0.2222 0.00007

0 .3 6 5 9  N HC1

KHP, grams 1.9278 1 .3874 1.0393 I . 23I 6

NaOH, mL 25.77 18 .57 13.91 16.49 0 .3659 0 .0003

0 .09078  N NaOH

KHP, grams 0.7661 1 .1799 0 .9066 0.8169

NaOH, mL 41.33 63 .66 4 8 .8 8 4 4 .0 6 0 .09078  0 .00003

a  The e x p e r im e n ta lly  com puted s ta n d a rd  d e v ia t io n  w ith  N -l 

d e g re e s  o f  freedom  i s  s .

p re v io u s ly  c a l i b r a t e d  by Dr. D. G. B ernd t a g a in s t  a  N a tio n a l B ureau 

o f  S ta n d a rd s  therm om eter. The r e s u l t s  a r e  in  E q u a tio n s  9 , 10, and 

11.

P re v io u s  Therm om eter : T . + 0 .06°C  = True T em peratu re  (9 )p re v io u s  - K '

O il B ath  Therm om eter : T + 0.10°G  = T . (10)o i l  b a th  p re v io u s  '  J
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T h e re fo re  th e  c o r r e c t io n  f o r  th e  o i l  h a th  therm om eter was

T - t v iu  + 0.16°C = T rue T em oerature ( H )o i l  b a th  - '  1

The c a l i b r a t i o n  was done a t  a p p ro x im a te ly  50°C.

Verification of Beer's Law

The sp e c tro p h o to m e tr ic  method f o r  th e  a n a ly s i s  o f  hydroxam ic 

a c id s ,  in  th e  p re sen ce  o f  s u r f a c ta n t ,  was v e r i f i e d  a s  fo llo w s : 

T w en ty -fiv e  m i l l i l i t e r  ( p ip e t )  o f  a  0 .01199  M aqueous s u r f a c ta n t  

s o lu t io n ;  10 mL ( p ip e t )  o f  th e  f e r r i c  c h lo r id e  s o lu t io n ;  and 3 

o r  6 mL ( p ip e t )  o f  a  5 x  10 ^  H aqueous s o lu t io n  o f  th e  hydroxam ic 

a c id  were mixed in  a  50 mL v o lu m e tr ic  f l a s k .  A bsorbances were 

ta k e n  v e rs u s  th e  b la n k  (c o n ta in e d  no hydroxam ic a c id )  w ith  a  G i l ­

fo rd  sp e c tro p h o to m e te r  a t  520 nm in  m atched 10 cm UV c e l l s .  I f  

B e e r ’s  law a p p l ie s ,  th e  abso rbance  o f  th e  s o lu t io n  w ith  6 mL o f  th e  

hydroxam ic a c id  w i l l  be tw ic e  th e  ab so rb an ce  o f  th e  s o lu t io n  w ith  3 

mL. The a b so rb a n c e s  o f  th e  s o lu t io n s  and  th e  p e rc e n t  d if f e r e n c e  

betw een tw ic e  th e  ab so rb an ce  o f  th e  3 s o lu t io n  and th e  abso rbance  

o f  th e  6 mL s o lu t io n  a re  r e p o r te d  in  T ab le  8 . B e e r’s law ap p e a rs  

t o  a p p ly .

K in e t ic  S o lu tio n s  

P re p a ra t io n  o f  S to ck  R eac tan t and S u r fa c ta n t  S o lu tio n s

S tock  r e a c ta n t  s o lu t io n s  o f  1 x 10 M o f  octanohydroxam ic a c id  

and |f-m ethy loctanohydroxam ic a c id  were p re p a re d  in  doub le  d i s t i l l e d  

w a te r , These s o lu t io n s  were u sed  f o r  a l l  k in e t i c  r u n s .  S u r fa c ta n t  

s o lu t io n s  were f r e s h ly  p re p a re d  f o r  each  k in e t i c  ru n .  Seventy
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TABLE 8 

V e r i f i c a t i o n  o f  B e e r 's  Law

Compound3" Absorbance 
w ith  3 mL 

o f  compound

A bsorbance 
w ith  6 mL 

o f  compound

% d i f f e r e n c e  
in

ab so rbance

In  Sodium 1 -D o d ecan esu lfo n a te

N-Mb 0.535 1.075 0 .4 7

N-H 0.447 0 .890 0 .4 5

In  CTAB

N-M 0.256 0 .4 2 7 ° 0 .078

N-H 0.260 0.521 0 .1 9

N o te . S u r fa c ta n t c o n c e n tra t io n  = 0 .01199 M,

compound c o n c e n tr a t io n = 5 x 10- 4  M.

a  N-M r e f e r s  to  N -m ethyloctanohydroxam ic a c id  and 

N-H r e f e r s  to  octanohydroxam ic a c id .
_2l

b C o n c e n tra tio n  = 8 x 10 M.

c F ive m i l l i l i t e r  u sed .

m i l l i l i t e r  ( p ip e t )  o f  th e  s u r f a c ta n t  s o lu t io n  a t  d oub le  th e  d e s i r e d  

r e a c t io n  s u r f a c ta n t  c o n c e n tr a t io n  was made w ith  sodium 1-dodecane- 

s u l f o n a te  in  0 .1854  N HC1 o r  w ith  c ta b  i n  0 .2222  N NaOH.

K in e t ic  P rocedu re

F i f te e n  m i l l i l i t e r  ( p ip e t )  o f  th e  f r e s h ly  p re p a re d  s u r f a c ta n t
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s o lu t io n  was p la c e d  in  each  o f  fo u r  r e a c t io n  tu b e s  ( d u p l ic a te  ru n s  

f o r  b o th  r e a c t a n t s ) .  C la s s  tu b e s  and s to p p e rs  were used f o r  th e  

a c id  ru n s  and p o ly e th y le n e  tu b e s  and s to p p e rs  were used  f o r  th e  base 

ru n s .  The r e a c t io n  tu b e s  were s to p p e re d  and p la c e d  in  a  s t i r r e d  

c o n s ta n t te m p e ra tu re  o i l  b a th  (5 0 .0 1  ±  0.11°C  c o r r e c te d )  f o r  a p p ro x i­

m a te ly  20 m in u te s .

D uring th e  e q u i l i b r a t i o n  tim e  th e  b lan k  was p re p a re d . T hree 

m i l l i l i t e r  ( p ip e t )  o f  th e  f r e s h ly  p re p a re d  s u r f a c ta n t  s o lu t io n  and 

3 mL o f  double d i s t i l l e d  w a te r  were p la c e d  in  a  10 mL E rlenm eyer 

f l a s k  and s w ir le d .  T hree  m i l l i l i t e r  o f  t h i s  d i l u te d  s o lu t io n  (50/5 

d i l u t i o n  o f  th e  s u r f a c ta n t  s o lu t io n )  was p la c e d  in  a  50 mL vo lum et­

r i c  f l a s k ,  w hich c o n ta in e d  10 mL ( p ip e t )  o f  th e  f e r r i c  c h lo r id e  

s o lu t io n  and d i l u t e d  to  th e  mark w ith  doub le  d i s t i l l e d  w a te r . The 

f l a s k  was in v e r te d  and shaken  te n  tim es  and th e  b la n k  was p la c e d  in  

a  10 cm UV c e l l .

F i f te e n  m i l l i l i t e r  o f  th e  s to c k  r e a c ta n t  s o lu t io n  was added to  

th e  e q u i l ib r a t e d  r e a c t io n  tu b e s .  T h is  a d d i t io n  r e s u l t e d  in  a  r e a c -
_£j,

t a n t  c o n c e n tr a t io n  o f  5 x 10 M and th e  s u r f a c ta n t  c o n c e n tr a t io n  

h a l f  o f  t h a t  p re p a re d . The tu b e s  were s to p p e re d , in v e r te d  th r e e  

t im e s , and a llo w ed  to  e q u i l i b r a t e  f o r  a t  l e a s t  t e n  m inu tes in  th e  

o i l  b a th .

At v a r io u s  tim es  a  3~mL sam ple was removed and added to  a  50 mL 

v o lu m e tr ic  f l a s k  w hich c o n ta in e d  10 mL o f  th e  f e r r i c  c h lo r id e  i n d i ­

c a to r  s o lu t io n .  Form ation  o f  th e  complex and th e  te m p e ra tu re  r e ­

d u c tio n  quenched th e  r e a c t io n .  The m ix tu re  was d i l u t e d  w ith  doub le  

d i s t i l l e d  w a te r , in v e r te d  and shaken te n  tim e s , and p la c e d  in  a  10
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cm UV cell. The absorbance was immediately taken against the appro­

priate blank and recorded.

R ate s  o f  r e a c t io n  were m easured in  d u p l i c a te .  D u p lic a te  ru n s  

o f  b o th  compounds were c a r r i e d  o u t c o n c u r re n t ly ,  ex ce p t f o r  a  few 

a c id  ru n s ,  w hich were to o  f a s t ,  and, f o r  th e s e ,  th e  compounds, in  

d u p l i c a te ,  were m easured s e q u e n t i a l l y .  Sample tim e was ta k e n  to  be 

th e  tim e a t  w hich th e  3 mL p ip e t  s t a r t e d  to  d r a in .  A ll  sam ples , i n ­

c lu d in g  p r e p a r a t io n  o f  th e  b la n k , were ta k e n  w ith  th e  same 3 mL 

p ip e t ,  w hich was r in s e d  w ith  95% e th a n o l  and blown d ry  w ith  an a i r  

s tream  w hich was d r ie d  by p a s s in g  th ro u g h  a  D r i e r i t e  packed tu b e .

The same 15 mL p ip e t  was used  f o r  b o th  s u r f a c ta n t  s o lu t io n  and 

r e a c t a n t  s o lu t io n  and r in s e d  and d r ie d  a s  d e s c r ib e d .  A ll  a b s o rb ­

an ces  were ta k e n  w ith  10 cm UV c e l l s  in  a  G ilfo rd  sp e c tro p h o to m e te r

a t  520 nm. Two re a d in g s  were ta k e n  and av e rag ed , how ever, most
,  .  Zjlj.

re a d in g s  were w ith in  in s tru m e n ta l  e r r o r  (±  0 .002  A).

The r e a c t io n s  were fo llo w e d  f o r  a t  l e a s t  two h a l f - l i v e s ,  ex ce p t 

when th e  r e a c t io n s  to o k  fo u r  o r  f iv e  days t o  re a c h  one h a l f - l i f e .

The r a t e s  w ith o u t s u r f a c ta n t  were fo llo w e d  f o r  a t  l e a s t  two h a l f -  

l i v e s  r e g a r d le s s  o f  th e  le n g th  o f  r e a c t io n .
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CHAPTER I I I  

RESULTS

A n a ly s is  by S tan d a rd  K in e t ic  Scheme

The o v e r a l l  r e a c t io n  f o r  th e  a c id  h y d ro ly s is  was

0 0
II + II

CH3-(CH2 ) 6-C-N-OH + H^O -  CH3-(CH2 ) 6-C-0H + H2N-0H, (12)

R R

and f o r  th e  base  h y d ro ly s is  th e  o v e r a l l  r e a c t io n  was

0 0
ii ii

CH„-(CH-),-C-N-OH + OH" -  CH ,-(CH,),-C-O " + H-N-OH. (1 3 )
3 2 7o | 3 2 ' 6  |

R R

In  b o th  c a s e s ,  th e  a c id  o r  th e  b a se  was in  g r e a t  e x c e ss  compared to

th e  hydroxam ic a c id ,  and th e  o b se rv ed  r a t e  was pseudo f i r s t - o r d e r .

Under t h i s  c o n d i t io n  th e  observ ed  r a t e  would be p r o p o r t io n a l  to  th e

c o n c e n tra t io n  o f  th e  hydroxam ic a c id ,  which was r e l a t e d  to  th e

abso rb an ce  o f  th e  iro n :h y d ro x am ic  a c id  com plex.

The in t e g r a te d  r a t e  e q u a tio n  f o r  th e  r e a c t io n  i s

In  ( a Q/ a )  = k t (1 ^ )

where a i s  th e  i n i t i a l  hydroxam ic a c id  c o n c e n tr a t io n ,  a  i s  th e  con- 
o

c e n t r a t i o n  o f  th e  hydroxam ic a c id  a t  tim e  t ,  and k i s  th e  f i r s t  o rd e r  

•̂5r a t e  c o n s ta n t .  The r e l a t i o n s h i p  o f  th e  hydroxam ic a c id  c o n c e n tra ­

t i o n  to  th e  ab so rb an ce  o f  th e  complex le a d s  to  th e  e q u a tio n

in  (At  -  A j  -  - k Qbst  + In  (Aq -  A j  (15)

o r

21
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In A, = -k  . t + In A (16)t obs o '

where A, is the absorbance of the conrolex at time t and A is the t o
absorbance of the complex at zero time. The absorbance at infinite 

time, A , i.e., complete reaction, is zero. The pseudo first-order 

rate constant, k , , is determined by a least squares treatment of
ODS

the In At versus time data. The calculated slope is

T ab le  9 c o n ta in s  th e  raw d a ta  f o r  one ru n  o f  th e  a c id  c a ta ly z e d  

h y d ro ly s is  o f  N -m ethyloctanohydroxam ic a c id  in  th e  p re sen ce  o f sodium 

1 -d o d e c a n e su lfo n a te . The l e a s t  sq u a re s  tr e a tm e n t o f  th e  d a ta  by Equa­

t i o n  16 gave th e  fo llo w in g  r e s u l t s :  s lo p e  = - 1 . 2 5 , i n t e r c e p t  = -1 ,1 2 ,

and th e  c o r r e l a t i o n  c o e f f i c e n t  = -0 .9 9 9 9 7 . T h e re fo re ,  * = —( —1•25)

= 1 .2 5  h r~ ^ . D ata  from th e  d u p l ic a te  ru n  gave k = 1 .23  h r   ̂ and 

th e  av e rag e  k -^g = 1 .2 ^  h r  ^ o r  J k . b  x 10 ^ se c  The p e rc e n t d i f ­

f e re n c e  in  k o f d u p l ic a te  ru n s  i s  C( 1 .2 5  -  1 . 23 ) / l » 23 l * l 00 = 1 . 63JS.

T ab le  10 sum m arizes th e  r e s u l t s  o f  th e  l e a s t  sq u a re s  tre a tm e n t

o f  th e  k in e t ic  d a ta ,  th e  ran g e  o f  th e  c o r r e l a t i o n  c o e f f ic e n t  ( r ) ,  and 

th e  range  o f  th e  p e rc e n t d i f f e r e n c e  in  th e  d u p l ic a te  ru n s  fo r  th e  

a c id  c a ta ly z e d  h y d ro ly s is  o f  N -m ethyloctanohydroxam ic a c id  and o c ta n o -  

hydroxam ic a c id  in  sodium 1 -d o d e c a n e su lfo n a te . T ab le  11 sum marizes 

th e  r e s u l t s  f o r  b o th  compounds i n  base  w ith  c ta b  a s  s u r f a c ta n t .

The d a ta  was f u r th e r  t r e a t e d  by E q u a tio n  1 (d is c u s s e d  in  C hap ter 

I  "A B r ie f  Review: M ic e l le s " ) .  In  o rd e r  to  use E q u a tio n  1 th e  cmc

needed  to  be d e te rm in e d . A " k in e t ic "  cmc was found from  th e  r a t e -  

s u r f a c ta n t  p r o f i l e ,  a  p lo t  o f  r a t e  v e rs u s  C^. The in t e r s e c t i o n  o f  

th e  e x t r a p o la t io n  o f  th e  l i n e s  a t  low s u r f a c ta n t  c o n c e n tra t io n  o f  th e
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TABLE 9

Sample D ata f o r  th e  D e te rm in a tio n  o f  & o f  N -M ethy loctano- 

hydroxam ic A cid in  0 .09270 N HG1 a t  30 .01 ± 0.11°C

Sample
number

Clock
tim e

E lap sed
tim e

(h r )

A bsorbance Average
ab so rb an ce

1 13:01 0 0 .324
0 .324

0 .3 2 4

2 13:11 0 .1 6 7 0 .262
0 .2 6 4

0 .263

3 13:25 0 .400 0 .195
0 .195

0 .195

4 13:40 0 .6 5 0 0.143
0 .144

0 .1 4 3

5 13:53 0 .9 0 0 .105
0 .106

0 .1 0 5

6 14:10 1 .1 5 0 .076
0.076

0 .076

N ote. Sodium 1 -d o d e c a n e su lfo n a te  c o n c e n tra t io n  was 0 .009990 M.

sigm oid  cu rv e  was th e  k in e t i c  cmc. A sam ple d e te rm in a tio n  i s  shown

in  F ig u re  3- The k in e t i c  cmcs were d e te rm in ed  to  be 2 x 10 M f o r

-4sodium 1 -d o d e c a n e su lfo n a te  in  0 .09270 N HG1 and 2 x 10 H f o r  c ta b  

in  0 .1111 N NaOH. E q u a tio n  1 d id  n o t a p p ly  o v e r th e  t o t a l  ran g e  o f  

s u r f a c ta n t  c o n c e n tra t io n s  f o r  b im o le c u la r  r e a c t io n s .  The l i m i t s  were 

t h a t  Cp must be above th e  cmc and G^ must be l e s s  th a n  th e  concen­

t r a t i o n  a t  w hich k ^ was a  maximum. A sample d e te rm in a tio n  u s in g  

E q u a tio n  1 f o r  th e  a c id  c a ta ly z e d  h y d ro ly s is  o f  N -m ethy loctanohydrox-
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TABLE 10

K in e t ic  D ata  f o r  th e  A cid H y d ro ly s is  in  0 .09270 N HC1 a t  50.01 
±  0.11°C a s  a  F u n c tio n  o f  Sodium 1 -D o d ecan esu lfo n a te  C o n c e n tra tio n

CD x lO3 

(M)

N-Ha N-Ma

a v e . k , x 103 obs

( s e c - *)
V

(h r )

a v e . k , x l 0 3 obs

(s e c  ^)
* 1 /2

(h r )

0 .0 2 .0 7 9 .3 0 4 .9 4 3-89

0 .0  60 1 .99 9 .6 5 4 .8 5 3 -9?

0 .485 2 .0 6 9 .3 4 4 .9 9 3 .8 6

.3-01 5 .69 3-38 12 .5 1-55

4 .9 9 6 11-5 1 .6 ? 2 2 .0 0 .874

7 .996 1 7 .4 1 .11 3 1 .0 0 .622

9 .990 2 1 .9 0 .877 3 4 .4 0 .559

11.99 2 3 .3 0 .827 37.1 0 .519

15.00 2 6 .2 0.7.36 3 9 .2 0 .492

2 0 .40 2 9 .6 O.650 4 2 .6 0 .452

30.01 3 2 .5 0 .592 4 4 .4 0 .433

4 0 .0 0 3 4 .7 0 .555 4 4 .3 0 .435

60 .07 34 .2 0 .564 4 4 .2 0 .436

Note. The value of r ranged from -0 .9 9 6 ?  to -0 .9 9 9 9 - Percent

difference in of duplicate runs did not exceed 3-0/6.
a See Table 8 for explanation of symbols.
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TABLE 11

K in e t ic  D ata f o r  th e  Base H y d ro ly s is  in  
0.1111 N NaOH a t  50 .01  ± 0.11°C  a s  a  F u n c tio n  o f 

C etyltrim ethylam m onium  Bromide C o n c e n tra tio n

CD X 10k 

(M)

N-Ha N-Ma

av e . k"k, x 10 obs

(sec~ ^)

6 .
1/2

(h r )

av e . k , x 10^ obs

( s e c - ^)
V 2

(h r )

0 .0 1 .9 6 9 8 .2 1 .84 105

0 . 2/ 2 .2 0 8 7 .5 1 .8 4 105

1 .5 2 .7 8 69 .3 1 .87 103

4 .9 2 (0 .7 3 1 ) (5 8 .9 ) 2 .80 6 8 .8

10.0 ( 1 . 06) (3 7 .9 ) 3 .67 52 .5

12.0 ( 1 . 28) (3 1 .9 ) 4 .1 9 46 .0

3 0 .0 4 (2 .1 4 ) (1 8 .5 ) 4 .8 3 39 .9

50.02 (2 .5 3 ) (1 6 .3 ) 7 .80 2 4 .7

20 1 .9 (2 .8 9 ) ( 1 3 .6) 8 .08 2 3 .8

399 .9 (3 -1 5 ) ( 12 . 2) 6 .92 27 .8

600.1 (3 .1 6 ) (1 1 .4 ) 7 .0 ? 2? .2

N ote. The v a lu e  o f  r  ran g ed  from  -0 .9 9 5 6  to  -0 .9 9 9 6 . P e rcen t

d if f e r e n c e  in  d u p l ic a te  ru n s  d id  no t exceed  5*3/°*

a  See T ab le  8 f o r  e x p la n a tio n  o f  sym bols, 

b Numbers in  p a re n th e s e s  were determ ined, by use  o f  pseudo­

ze ro  o rd e r  e q u a tio n s  and a re  a v e . k x 1 0 ^  mol L~^ sec
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amic a c id  in  sodium i-d o d e c a n e s u lfo n a te  i s  c o n ta in e d  in  T ab le  12.

TABLE 12

C a lc u la t io n  o f  Sample D ata by E q u a tio n  1 f o r  A cid H y d ro ly s is  o f  
N -M ethyloctanohydroxam ic A cid in  Sodium 1 -D o d ecan esu lfo n a te

CD x l o 3 

(M)

1 /(C D -  cmc)

or1)
5

a v e . k , x 10 obs

(s e c

V(k0 ~ k0fcS)
( s e c )

7 .996 166 .8 31.0 -3840

9.990 125.2 3 4 .4 -3390

11.99 100.1 3 7 .2 -3100

15.00 76 .92 3 9 .2 -2920

20.40 54 .35 4 2 .6 -2660

30.01 35.70 4 4 .4 -2530

N ote. Cmc = 2 x 10 M and kQ = 4 .9 4  x 10 ^ -1sec

The l e a s t  sq u a re s  tre a tm e n t o f  th e  d a ta  in  T ab le 12 by E q u a tio n  

1 r e s u l t e d  in  th e  fo llo w in g  v a lu e s :  i n t e r c e p t ,  l / ( k Q -  k ) ,  = - 2135 ;

s lo p e ,  Q ./(k  -  km)^*(N /K ), = -1 0 .0 7 ; and th e  c o r r e l a t i o n  c o e f f ic e n t

( r )  = -0 .9 9 8 1 . These v a lu e s  le a d  to  k = 51*8 x 10~^ sec  K/N =

2 l2 ,  and F ( l , 5 )  = 1 0 4 9 ^  w hich shows s ig n if ic a n c e  a t  th e  0.1%  l e v e l . ^  

T ab le  13 shows th e  r e s u l t s  o f  th e  l e a s t  sq u a re s  t r e a tm e n t o f  th e  d a ta  

by E quation  1 and th e  ran g e  o f  th e  c o r r e l a t i o n  c o e f f i c e n t  f o r  th e  

a c id  h y d ro ly s is  o f  b o th  compounds w ith  sodium 1 -d o d e c a n e su lfo n a te  and 

th e  base  h y d ro ly s is  o f  N -m ethyloctanohydroxam ic a c id  w ith  c ta b .  F ig ­

u re  4 shows th e  p lo t  o f  E q u a tio n  1 f o r  th e  a c id  h y d ro ly s is  o f  bo th  

compounds and F ig u re  5 th e  b ase  h y d ro ly s is  o f  N -m ethy loctanohydrox-

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
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TABLE 13

R e s u lts  o f  D ata C o r r e la t io n  f o r  th e  Acid 
and Base H y d ro ly s is  by E q u a tio n  1

Compound X/N k x l O ^  k x 10^ m o

(se c  ( s e c

k / k  nr o CD x lo 3 

(H)

range

A cid H y d ro ly s is

N-Ha 101 4 0 .2  2 .07 19 .5 7 .9 9 6  - 40 .00

N-Ma 212 5 1 .8  4 .9 4 10.5 7 .9 9 6  - 30 .1

Base H y d ro ly s is

N-Ma 1001 0 .6 1 2  0 .1 8 4 3-32 0 .492  - 3 .004

N ote . C o r r e la t io n  c o e f f i c e n t  ran g ed  from -0 .9 9 1 8  to  -0 .9 9 8 1 . 

a  See T ab le  8 f o r  e x p la n a tio n  o f  sym bols.

am ic a c id  in  c ta b .  E v a lu a tio n  o f  th e  d a ta  f o r  th e  base h y d ro ly s is

o f  octanohydroxam ic a c id  by E q u a tio n  1 was n o t p o s s ib le  because  th e

r e a c t io n  was pseudo z e ro -o rd e r  above th e  cmc (d e te rm in e d  from  N

-m ethy loctanohydroxam ic a c id  d a t a ) .

T ab le  14 c o n ta in s  th e  raw d a ta  f o r  one ru n  o f  th e  base  c a ta ly z e d
-L

h y d ro ly s is  o f  octanohydroxam ic a c id  in  0 .1111 N NaOH and 3 0 .0 4  x 10 

M c ta b .  F ig u re  6 shows th e  ab so rb an ce  v e rs u s  tim e  p lo t  o f  th e  d a ta  

in  T ab le  14. The s t r a i g h t  l i n e  in d i c a te s  t h a t  th e  r e a c t io n  i s  pseudo 

z e ro -o rd e r  in  hydroxam ic a c id .  A lso , th e  r e a c t io n  o rd e r ,  d e te rm in ed  

by th e  Noyes e q u a t io n , i s  -0 .7 2  ±  0 .2  which i s  c lo se  to  z e ro -o rd e r .

R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
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TABLE 14

Sample D ata f o r  th e  D e te rm in a tio n  o f  k f o r  

O ctanohydroxam ic A cid in  0 .1111 N NaOH a t  50*01 ± 0.11°G

Sample
number

Clock
time

Elapsed
time

(hr)

Absorbance Average
absorbance

1 09:11 0 0 .2 4 8
0 .248 0 .2 4 8

2 14:00 4 .81 0 .217
0 .217 0 .217

3 18:18 9 .1 2 0.190
0 .189 0 .190

4 22 :04 12 .88 0 .1 6 4
0 .165 0.165

5 04:37 19.43 0.119
0 .120 0.120

6 09:32 24 .36 0 .0 8 4
0 .087 0.086

7 12:27 27 .26 0.070
0 .072 0.071

8 15:05 29.90 0 .0 5 ^
0 .052 0 .053

_4
N ote . C tab c o n c e n tra t io n  = 30 .0 4  x 10 M.

(See "D e te rm in a tio n  o f  R eac tio n  O rder by Use o f  th e  Noyes E q u a tio n "  

f o r  e x p la n a tio n  o f  th e  Noyes e q u a t io n .)  The l e a s t  sq u a re s  tre a tm e n t 

o f  th e  d a ta  f o r  a  zero  o rd e r  e q u a tio n ,

A = -€ b k t + A , (17)Tr O

(se e  Appendix A f o r  d e r iv a t io n  o f  e q u a tio n )  g iv e s  th e  fo llo w in g

R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
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_ o

r e s u l t s :  s lo p e , -€bk , = -6 .5 7  x 10 J  A h r  ; i n t e r c e p t ,  Aq , = 0 .249  

A; and th e  c o r r e l a t i o n  c o e f f i c e n t  = -0 .9 9 9 8 . T h e re fo re , k = - ( -  6 .5 7
o  1.0 1 1

x I0 _ j ) /€ b  o r  2 .10  x 10 mol L se c -  ( th e  m olar a b s o r p t iv i ty ,  €,
n  4 _*j

= 8 .67  x 10 A cm M , from T ab le  8 and  b = 10 cm ). The d u p l ic a te

ru n  g iv e s  k = 2 .1 8  x 10- *^ mol L- * se c - * and th e  av e rag e  k = 2 .1 4  

-10 -1  -1x 10 mol L s e c  . F ig u re  7 shows th e  p lo t  o f  r a t e  v e rs u s  f o r

th e  pseudo z e ro -o rd e r  p o in ts  o f  th e  base  h y d ro ly s is  o f  oc tanohydrox ­

am ic a c id ,  which i s  s im i la r  t o  a  r a t e - s u r f a c t a n t  p r o f i l e ,  F ig u re  3»

D e te rm in a tio n  o f  A k and A k/ nm '

The acc u racy  o f  th e  v a lu e s  d e r iv e d  from  E q u a tio n  1, k and k/N ,

l i s t e d  in  T ab le  13, can  be e s t im a te d  i f  th e  u n c e r t a in ty  in  ( A

k , ) i s  known. The e r r o r  i n  k ( A k ) and K/N E A ( k / n ) ]  can be o b s7 m v m7 '

c a lc u la te d  r e l a t i v e  t o  A s in c e

A k a k
■■■. rc—  ~ —  when A k , -* 0 .A k , o k  obsobs obs

T h is  le a d s  to

3 k
A k = v, . m -  ■ A k , . (18)m o k ,  u obsobs

S o lv in g  E q u a tio n  1 f o r  k g iv e sm

koba • Cl +(K/K) • (C - e m c ) ] - k
k = --------------------------------------------------------------- . (19)m (K/N) • (CD - cmc)

U sing E q u a tio n s  18 and 19 y ie ld s

3 k , • [l + (K/N) • (Cn - cmc)] - k
L k  ----------------2^5--------------------- i---------D---------- ' ---------° - G k .  . (20)

3 kobs (K/N) * (CD -  CmĈ
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When K/N, C^, cmc, and k^ a re  c o n s ta n t ,

1 + (K/N) • (cn -  cmc)
fik  = ------------------------- ------------  • f l k ,  . (21)

m (K/N) ° (CD -  cmc)

A pplying th e  same p ro c e d u re , fi ( k/ n) can be d e te rm in ed  when E q u a tio n  

1 i s  re a r ra n g e d  to  E q u a tio n  22.

K/N = ------------— -----—--------------  (22)

(k m -  k ots>  " (°D -  Cm0)

T h e re fo re ,

a (K/N)
fl(K /N )  -------------i k  (23)

s  o ts

o r

a (k /n )  = — -—    k— , - °-----------—  • a * .  . ( z k )
3 ( K  ~ * ( Cn -  cmc)

When k , C„, cmc, and  k a re  c o n s ta n t ,  o D m
1 + (K/N) • (C-, -  cmc)

a ( k/ n) = ----------------------------5-------------- • C k  . (2 5 )
(k  -  k „ J  • (0 „  -  cmc)m o b s7 D

An exam ple i s  th e  a c id  h y d ro ly s is  o f  N -m ethyloctanohydroxam ic a c id

-3in  sodium 1 -d o d e c a n e su lfo n a te . In  t h i s  exam ple, = 7*996 x 10 M,

k . = 31 .0  x lO-5  se c - 1 , K/N = 212, k = 5 1 .8  x 10~3 s e c '1 , cmc = obs m
2 x 10-3  M. and k , = 3% o f  k , = 9 .3  x 10_^ s e c '1 . From Equa-

ODS OOS

t i o n  21,

1 + 212 • (7 .9 9 6  x 10-3  -  2 x 10- 3 ) s
fik  =----- =---------------- - z -  • 9 . 3 x 1 0 °

m 212 • (7 .9 9 6  x 10 '-3 -  2 x 10 -’)

= 1 .6 6  x 10 5 se c  1 .

The p e rc e n t e r r o r  i s

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
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ft k 1 .6 6  x 10 3 sec  ^
-------  = -----------------=  - jr  • 100 = 3-2%.

k 51*8 x 10 secm

From E q u a tio n  25

1 + 212 * (7 .9 9 6  x 10"3 -  2 x 10~3)
A (k /n )  --------------------------------- e-----------------------------------~ 0 9 .3  x 10 °

(5 1 .8  -  3 1 .0 )  x 10“ J  (7 .9 9 6  -  2) x 10“J

= 16 .9

and th e  p e rc e n t e r r o r  i s

A(K/N) 1 6 .9
  =   ■ 100 = 7.99%.

K/N 212

By t h i s  p ro c e d u re , th e  e r r o r  in  k and k/ n , f o r  th e  a c id  h y d ro ly s is

o f  N -m ethyloctanohydroxam ic a c id ,  ran g ed  from 3*0 -  3*2% and 8 .0  -

21.0%, r e s p e c t iv e ly .  The e r r o r  in  k^ and  K/N f o r  octanohydroxam ic 

a c id  in  a c id  ran g ed  from 3*0 ~ 3*7% and 6 .1  -  2 3 . 9%. r e s p e c t iv e ly ,  

and f o r  N -m ethyloctanohydroxam ic a c id  in  base  th e  e r r o r s  ran g ed  from 

3 .2  -  6.1% and 10 .1  -  15 . 2%, r e s p e c t iv e ly .

D e te rm in a tio n  o f  R e a c tio n  O rder by Use o f  th e  Noyes E q u a tio n

A change from  pseudo f i r s t - o r d e r  to  pseudo z e ro -o rd e r  was ob­

se rv ed  in  th e  base  h y d ro ly s is  o f  octanohydroxam ic a c id .  T h is  can be 

seen  by com parison o f  F ig u re  6 , a  p lo t  o f  abso rbance v e rsu s  tim e d a ta  

f o r  octanohydroxam ic a c id  w ith  i t s  s t r a i g h t  l i n e  in d i c a t in g  pseudo 

z e ro -o rd e r  k in e t i c s ,  and F ig u re  8, th e  same ty p e  o f  p lo t  f o r  N -m ethyl­

octanohydroxam ic a c id  and i t s  cu rved  l i n e  showing pseudo f i r s t - o r d e r  

k i n e t i c s .  Pseudo f i r s t - o r d e r  k in e t i c s  was ob serv ed  below 4 .9 2  x 10 ^

M c ta b  and above t h i s  c o n c e n tra t io n  th e  r e a c t io n  was pseudo z e ro -

R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
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i 8.5 -  iI ime (h rs) 9.23 = t
F ig u re  8 . Example o f  a  D e te rm in a tio n  o f  R e a c tio n  O rder by th e  Use o f  Two S u ccessiv e  

F r a c t io n a l - L i f e  P e r io d s .



o rd e r .  To I n v e s t ig a te  t h i s  change in  o rd e r ,  a d d i t io n a l  base  h y d ro l­

y se s  were done a t  h ig h e r  (0 .1829  N) and low er (0.04-539 N) NaOH con­

c e n t r a t i o n s .

The o rd e r  o f  th e s e  r e a c t io n s  was d e te rm in ed  by a  f r a c t i o n a l -  

l i f e  m ethod. The o rd e r  o f  a  r e a c t io n  can be d e te rm in ed  by u se  o f  th e

48Noyes e q u a t io n ,

Tog t J / 2  -  lo g  t l / 2

n = 1 + ------------------------------------- ( 26 )
lo g  a  -  lo g  a

where one r e a c t io n  w ith  i n i t i a l  c o n c e n tra ­

t i o n  a  and 4 ^ ?  h a l f - l i f e  o f  a n o th e r  r e a c t io n  w ith  i n i t i a l

c o n c e n tr a t io n  a .  The Noyes e q u a tio n  i s  v a l id  i f  th e  r a t e  e x p re s s io n  

i s  o f  th e  form

f f  = k(a - x)n (27)

where a  i s  th e  i n i t i a l  c o n c e n tra t io n ,  x i s  th e  amount r e a c te d ,  and n 

i s  th e  r e a c t io n  o rd e r .  A lthough th e  Noyes e q u a tio n  was d e r iv e d  f o r  

two s e p a ra te  ru n s  w ith  d i f f e r e n t  i n i t i a l  c o n c e n tr a t io n s ,  two su c c e s ­

s iv e  tim e  i n t e r v a l s  In  a  s in g le  ru n  may be used . In  t h i s  c a s e , th e  

c o n c e n tra t io n  a t  th e  end o f  one tim e i n t e r v a l  becomes th e  i n i t i a l  

c o n c e n tr a t io n  f o r  th e  new tim e i n t e r v a l .  F u rth erm o re , th e  Noyes equa­

t i o n  can be a p p l ie d  to  any t  , th e  tim e  f o r  th e  f r a c t i o n  r e a c te d  toy
be e q u a l to  y . The e q u a tio n  in  t h i s  case  i s

log C(t2/t1) - l]
n = 1 + ------------------------  (28)

lo g  [ l / ( l  -  y ) ]

where y i s  some f r a c t i o n a l - l i f e ,  i s  th e  tim e  a t  th e  y f r a c t i o n  o f
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th e  i n i t i a l  c o n c e n tr a t io n  (ab so rb an ce ) to  have r e a c te d ,  and t ^  i s  th e  

tim e th e  y f r a c t i o n  o f  th e  c o n c e n tra t io n  (ab so rb an ce ) o f  th e  new tim e 

i n t e r v a l  o f  a  s in g le  ru n  to  have r e a c te d ;  t h a t  i s ,  t^  = a ( l  -  y) and

t 2 = ~ ^

An example o f  th e  use  o f  E q u a tio n  28 i s  shown in  F ig u re  8 . The

ru n  shown i s  th e  b ase  h y d ro ly s is  o f  N -m ethyloctanohydroxam ic a c id  in

0 .04539  N NaOH and 0.039981 M c ta b . y was chosen  to  be 0 .2  because

48d a ta  a t  th e  b e g in n in g  o f  th e  r e a c t io n  may be more a c c u r a te .  T h ere ­

f o r e ,  t^  and t ^  would be th e  tim e s  when th e  ab so rb an ce  had f a l l e n  to

0 .8  and 0 .6 4 , r e s p e c t iv e ly ,  o f  th e  i n i t i a l  v a lu e . The i n i t i a l

abso rbance  was 0 .3 0 4  and th e  a b so rb a n c e s  a re  0 .243  and 0 .1 9 5 . From

F ig u re  8, t^  = 9 .2 3  h r s .  and t ^  = 1 8 .5  h r s .  U sing t ^ ,  t ^ ,  and Equa­

t i o n  28 g iv e s  n = 1 .0 2 . The d u p l ic a te  ru n  gave n = 1 .0 3  and th e  a v e r ­

age n = 1 .0 3 . T h is  v a lu e  i n d i c a te s  t h a t  th e  r e a c t io n  was pseudo 

f i r s t - o r d e r ;  th e r e f o r e ,  pseudo f i r s t - o r d e r  e q u a tio n s  were used  to  

d e te rm in e  k . The r e s u l t s  f o r  th e  octanohydroxam ic a c id  h y d ro ly s is  

in  0 .1111 N NaOH a re  l i s t e d  i n  T ab le  15. The a d d i t i o n a l  base ru n s  a t

0 .1829  N and 0 .04539  N NaOH a re  l i s t e d  in  T ab le  16. The o rd e r  d e t e r ­

mined by th e  Noyes e q u a tio n  q u a n t i t a t i v e l y  fo llo w ed  what was q u a l i ­

t a t i v e l y  observ ed  in  p lo t s  o f  ab so rb an ce  v e rs u s  tim e d a ta .

A pproxim ation  o f  E r ro r  i n  C a lc u la t io n  o f  R e a c tio n  O rder

The a cc u racy  o f  th e  v a lu e s  d e r iv e d  from  E q u a tio n  28, n, l i s t e d  

in  T a b le s  15 and 16, can be e s t im a te d  i f  th e  u n c e r ta in ty  in  t ^  (  ̂

t ^ )  and t^  ( A tg )  a r e  known. The e r r o r  in  n ( f i n )  can be c a lc u la te d  

r e l a t i v e  to  h and fl t ^ ,  s in c e
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From

when

TABLE 15

R eac tio n  O rder o f  Base H y d ro ly s is  o f  O ctanohydroxam ic 
A cid "by Use o f  E q u a tio n  28

4
CD x 10 O rder CD X lo 4 O rder

(M) (M)

0 .0 1 .0 6  ± 0 . 2 30.04 -0 .0 7 2  ± 0 .2

0 .27 1 .0 4  ± 0 . 1 50.01 0.043  ±  0 .2

1 .5 1 .0 4  ± 0 . 2 201 .9 0 .0 2 6  ± 0.1

4 .9 2 - 0 .059  ± 0 .1 399 .9 0 .0 1 2  ± 0 .2

lc.0 - 0.077  ± 0 .1 600.1 -0 .0 7 8  ± 0 .2

12.00 -0 .0 7 2  ± 0 .1

U n |  

E q u a tio n  28 

U n |  =

3 n
3 t« At, | + 3 n

3 t . 6t z |.

1 lnCCtg/tj^) - l ]  \

l n [ l / ( l  -  y ) ]  j
f i t ,

3 l n [ ( t _ / t , ) -  i ]
1 + d 1

3 t .

y and t j  o r a re  a p p r o p r ia te ly  h e ld  c o n s ta n t

-t„
A n

^ ( t g  ~ *1) * l n [ i / ( l  -  y ) ]
A t J

t 2 - tj_ 0 ln[l/(l - y)]

(29)

f l t 2 l (30)

A t 2 1 .(3 1 )
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TABLE 16

K in e t ic  D ata f o r  th e  Base H y d ro ly s is  in
0 .1829  N and 0 .04539 N NaOH a t  50.01 ± 0.11°C

NaOH , 40^ x 10 O rder Ave. k h / z
(N) (M) (h r)

H y d ro ly s is  o f  O ctanohydroxam lc A cid

0 .04539 50 .05  0 .0 2 4  ± 0 .1  2 .9 ? a 1 3 .5

0 .1829 20.1  0 .1 0 5  ± 0 . 1  2 . 5 l a 1 6 .7

H y d ro ly s is  o f  N -M ethyloctanohydroxam ic Acid

0.04539 399 .8  1 .03  ±  0 .2  6 .2 0 b 31.1

0.1829 200.1 0 .9 1 5  ± 0 . 2  8 . l 3 b 32 .7

N ote. The v a lu e  o f  r  ran g ed  from  -0 .9 9 7 5  to  -0 .9 9 9 8 . 

P e rc e n t d i f f e r e n c e  in  k f o r  d u p l ic a te  ru n s  d id  n o t exceed  2.5%.

a  Pseudo z e ro -o rd e r  e q u a t io n s  were used  to  d e te rm in e  k and

. . .1 0  , T-1 -1a re  a v e . k x 10 mol L sec  ,

b Pseudo f i r s t - o r d e r  e q u a t io n s  were used to  d e te rm in e  k and

. . - 6  -1a re  av e . k x 10 sec

u t^  and H t ^  a re  r e l a t e d  t o  th e  av erag e  o b served  e r r o r  in  th e  

ab so rb an ce , ±  0 .001  A, and a re  d e te rm in ed  g r a p h ic a l ly  from a  p lo t  

o f  ab so rb an ce  v e rsu s  tim e d a ta ,  such a s ,  F ig u re  6 , From F ig u re  8, 

fl t j  = 0 .1  h r  and A t ^  = 0 .2  h r .  In  t h i s  exam ple, th e  base  h y d ro l­

y s i s  o f N -m ethyloctanohydroxam ic a c id ,  y = 0 .2 ,  th e r e f o r e ,  E q u a tio n  

31 i s
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-1 8 .5 1
A n | = 0 .1 1 +

9 .2 3  • 9 .2 ?  • l n ( 1 .25 ) 9 .2 7  0 l n ( l .25

= 0 .1 9  ~ 0 .2

and f o r  th e  d u p l ic a te  ru n  A n ~ 0 .2  f o r  an  av erag e  A n o f  0 .2 .  

T a b le s  15 and 16 show th e  c a lc u la te d  o rd e rs  and th e  a s s o c ia te d  

average  A n v a lu e s .  The la rg e  A n v a lu e s  a re  a  consequence o f  th e  

low a b so rb a n c e s . The re q u ire m e n t t h a t  th e  r e a c ta n t  c o n c e n tra t io n
g

be l e s s  th a n  and th e  method o f  a n a ly s i s  a re  c o n t r ib u to r s  to  th e  

low a b so rb a n c e s .
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CHAPTER IV 

DISCUSSION 

E x p erim en ta l C o n d itio n s

A ll  r e a c t io n s  -were c a r r i e d  ou t a t  50*01 — 0 .11°C . The i n i t i a l  

c o n c e n tr a t io n  o f  th e  r e a c t a n t s ,  octanohydroxam ic a c id  and  N -m ethyl-

. - 4octanohydroxam lc a c id ,  was 5 x 10 M. The h y d ro ly s is  was ru n  w ith o u t

s u r f a c t a n t  to  d e te rm in e  th e  r a t e  in  b u lk  s o lu t io n ,  k . The s u r f a c ta n to

c o n c e n tra t io n  ran g ed  from  below  th e  k i n e t i c  cmc and  in c re a s e d  u n t i l

th e  r a t e  re a c h e d  a  p la te a u .  The s ta n d a rd  k in e t i c  scheme, F ig u re  2 ,

was u sed  to  i n t e r p r e t  th e  r a t e  d a ta .  E q u a tio n  1 a llo w ed  d e te rm in a tio n

o f  k , th e  m ic e l la r  r a t e ,  and K/N, w hich i s  r e l a t e d  to  how w e ll th e  m

r e a c t a n t  i s  bound to  th e  m ic e l l e .

R e a c tio n  O rder

E q u a tio n  12 , th e  o v e r a l l  r e a c t io n  f o r  th e  a c id  h y d ro ly s is ,  

in d i c a te s  t h a t  i f  th e  a c id  c o n c e n tra t io n  i s  la rg e  r e l a t i v e  to  th e  

hydroxam ic a c id  c o n c e n tra t io n  th e  o b se rv ed  r a t e  w i l l  be pseudo 

f i r s t - o r d e r .  P re v io u s  work “̂ “^ a n d  th e  r e s u l t s  o f  t h i s  s tu d y  show 

t h a t  an a c id  c o n c e n tra t io n  o f  0.09270 N HC1 r e s u l t s  in  pseudo f i r s t -  

o rd e r  k in e t i c s ,  a s  ex p e c te d .

The base  h y d ro ly s is  i s  a l s o  e x p e c te d  to  show pseudo f i r s t - o r d e r  

k in e t i c s  based  on p re v io u s  s tu d ie s  o f  r e l a t e d  compounds, N -m ethyl-

benzohydroxam ic a c id s ,  and th e  o v e r a l l  r e a c t io n  f o r  th e  base 

h y d r o ly s is ,  E q u a tio n  l3« _N-M ethyloctanohydroxam ic a c id  shows pseudo

43
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f i r s t - o r d e r  k i n e t i c s  and, th e r e f o r e ,  f i t s  th e  t y p i c a l  p a t t e r n  o f

m ic e l la r  c a t a l y s i s .  However, octanohydroxam ic a c id  e x h ib i t s  pseudo
-if.

f i r s t - o r d e r  b e h a v io r  below d .9 2  x 10 M c ta b .  W ithout s u r f a c ta n t

and below  th e  k in e t i c  cmc pseudo f i r s t - o r d e r  k in e t i c s  i s  o b se rv ed , a s
2d

would be e x p ec ted  from  p re v io u s  work w ith o u t s u r f a c ta n t  and th e

11 -db e h a v io r  o f  s u r f a c t a n t s  below th e  cmc. At d .9 2  x 10 M c ta b  and

above pseudo z e ro -o rd e r  k in e t i c s ,  q u a l i t a t i v e l y  seen  in  th e  a b so rb ­

ance v e rs u s  tim e  d a ta  and d e te rm in e d  by th e  Noyes e q u a tio n , i s  ob­

s e rv e d . T h e re fo re ,  f u r th e r  i n t e r p r e t a t i o n  by E q u a tio n  1 would be 

in v a l id  s in c e  E q u a tio n  1 i s  b ased  on th e  s ta n d a rd  k in e t i c  scheme, 

w hich i s  f i r s t  o rd e r  in  s u b s t r a t e .

A cid H y d ro ly s is

The pseudo f i r s t - o r d e r  r a t e  c o n s ta n t ,  commonly in c r e a s e s

w ith  in c r e a s in g  s u r f a c ta n t  c o n c e n tr a t io n  above th e  cmc u n t i l  a  m axi-
O

mum o c c u rs .  The d a ta  f o r  th e  a c id  h y d ro ly s is  shows t h i s  b e h a v io r ,

which can  be seen  in  F ig u re  3» th e  r a t e - s u r f a c t a n t  p r o f i l e ,  T ab le  10,

and  th e  c o r r e l a t i o n  by E q u a tio n  1 o v e r a  l im i te d  s u r f a c ta n t  concen-

d6t r a t i o n  ran g e  ( r  = -0 .9 9 1 8  to  -0 .9 9 8 1 , F t e s t  shows s ig n i f i c a n c e  

w ith in  th e  0.1% l e v e l  ) a s  shown in  F ig u re  d . E xam ination  o f  

and t j ^  ^ o r  th e  a c id  h y d ro ly s is ,  T ab le  10, r e v e a ls  t h a t  th e  s u r f a c ­

t a n t  has  a  s i g n i f i c a n t  e f f e c t  on th e  r a t e  o f  h y d ro ly s is  above th e  

k in e t i c  cmc, 2 x 10 M sodium 1 -d o d e c a n e su lfo n a te . k in c r e a s e s  

and t^ y g  d e c re a s e s  a s  th e  s u r f a c ta n t  c o n c e n tr a t io n  in c r e a s e s .  The 

maximum r a t e  o c c u rs  a t  30*01 x 10 M sodium 1 -d o d e c a n e su lfo n a te  f o r
_ 3

N -m ethyloctanohydroxam ic a c id  and a t  dO.OO x 10 M f o r  oc tan o h y d ro x -
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am ic a c id .  An in c re a s e  i n  s u r f a c ta n t  c o n c e n tra t io n  above th e s e  m axi- 

mums e x h ib i t s  a  d e c re a se  in  th e  r e a c t io n  r a t e  (T ab le  1 0 ) . P resen ce  

o f  a  maximum in  th e  r a t e - s u r f a c t a n t  p r o f i l e  o ccu rs  f r e q u e n t ly .  The 

d e c re a se  has  been  in t e r p r e t e d  to  occu r from  an in c re a s e  in  th e  number 

and s iz e  o f  m ic e l le s  r e s u l t i n g  in  a  d i l u t i o n  o f  th e  r e a c ta n t  and o f
g

th e  h y d ro p h il ic  io n ic  r e a c t a n t  in  th e  m ic e l le s  w hich b r in g s  abou t

a  d e c re a se  in  th e  m ic e l la r  r a t e  c o n s ta n t ,  k , th e r e f o r e ,  d e c re a s in gm

k , . w hich i s  a  com b in atio n  o f  k and k . obs m o

N -M ethyloctanohydroxam ic a c id  i s  h y d ro ly ze d  f a s t e r  th a n  o c ta n o ­

hydroxam ic a c id  (T ab le  lo ) . The r e a c t io n  i s  most l i k e l y  s im i la r  t o  

an  amide h y d r o ly s is .  As such , th e  r e l a t i v e  r a t e  depends on many 

f a c t o r s ,  and i f  lo s s  o f  th e  le a v in g  group i s  th e  r a t e - l i m i t i n g  s te p ,  

th e n  th e  r e a c ta n t  w ith  th e  le a v in g  g roup  t h a t  can b e s t  accommodate

th e  d ev e lo p in g  n e g a tiv e  ch arg e  would be th e  f a s t e r  r e a c t a n t , ^ ’ ^
+

Com parison o f  th e  le a v in g  g ro u p s , f i n d s - t h a t  CH^-NHgOH can b e s t  

accommodate th e  e l e c t r o n s  and , th e r e f o r e ,  N -m ethyloctanohydroxam ic 

a c id  would be ex p ec ted  to  r e a c t  f a s t e r .  The p re sen ce  o f  th e  m ic e l le s  

d id  no t s i g n i f i c a n t l y  a f f e c t  th e  b e h a v io r  o f  th e  le a v in g  g roup  s in c e  

th e  o rd e r  o f  th e  r e l a t i v e  r a t e  d id  n o t change; t h a t  i s ,  N -m ethyl­

octanohydroxam ic a c id  i s  f a s t e r  w ith  and w ith o u t s u r f a c t a n t .

A ll  th e  v a lu e s  o f  th e  k in e t i c  r a t i o ,  k /k  , l i s t e d  in  T ab le  13,m o

a re  g r e a t e r  th a n  one. The in d i c a t io n ,  a c c o rd in g  t o  th e  s ta n d a rd  

k in e t i c  scheme, F ig u re  2, i s  t h a t  th e  r e a c t io n  w ith in  th e  m ic e lle ,  

k , i s  more predom inant th a n  th e  r e a c t io n  in  b u lk  s o lu t io n ,  kQ. The 

in c re a s e d  m ic e l la r  r a t e  can be u n d e rs to o d  by th e  p ro x im ity  e f f e c t . ^

The r e a c ta n t s  a r e  more s o lu b le  in  th e  m ic e l le .  The a c id  concen-
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t r a t i o n  su rro u n d in g  th e  m ic e lle  i s  in c re a s e d  by th e  e l e c t r o s t a t i c  

a t t r a c t i o n :  The m ic e lle  i s  composed o f  n e g a t iv e ly  ch arg ed  s u r f a c ­

t a n t  m o lecu le s , i . e . ,  1 -d o d e c a n e su lfo n a te  a n io n . The outcome i s

th e  d e te rm in ed  m ic e l la r  r a t e  c o n s ta n t ,  k , i s  g r e a t e r  th a n  th e  b u lkm

r a t e  c o n s ta n t ,  k , due to  th e  in c re a s e  i n  th e  c o n c e n tr a t io n  o f  th e  o

r e a c t a n t s  compared to  b u lk . T h is  does n o t in d ic a te  w hether o r  n o t

th e  m ic e l la r  r a t e  c o n s ta n t ,  c o r r e c te d  to  th e  m ic e l la r  phase volume,

8 16i s  g r e a t e r  th a n  th e  b u lk  r a t e  c o n s ta n t .  ’

In  th e  s ta n d a rd  k in e t i c  scheme, F ig u re  2, K i s  an  e q u i l ib r iu m

c o n s ta n t  betw een th e  f r e e  r e a c ta n t  and th e  m ic e l l a r ly  bound reacT .an t.

T ab le  13 l i s t s  th e  k/ n v a lu e s ,  w hich a re  r e l a t e d  to  K, assum ing th a t

N does n o t s i g n i f i c a n t l y  change o v er th e  s u r f a c ta n t  ran g e  u se d . K/N

g iv e s  an in d i c a t io n  o f  th e  p o s i t i o n  o f  th e  e q u i l ib r iu m . N -M ethyl-

octanohydroxam ic a c id ,  K/N = 212, would be ex p ec ted  to  be bound

t i g h t e r  to  th e  m ic e lle  th a n  octanohydroxam ic a c id ,  K/N = 101. The

k in e t i c  r a t i o ,  d is c u s s e d  above, fo llo w s  an in v e rs e  r e l a t i o n s h i p  to

K/N; t h a t  i s ,  th e  l a r g e r  K/N becomes th e  sm a lle r  th e  k in e t i c  r a t i o .

T h is  has been in t e r p r e t e d  to  in d i c a te  t h a t  th e  l a r g e r  K/N th e  d e e p e r

th e  r e a c ta n t  i s  s o lu b i l i z e d  in  th e  m ic e l le ;  th e r e f o r e ,  th e  r e a c ta n t

22i s  in  th e  hyd rocarbon  co re  o f  th e  m ic e l le .  L ess c o n ta c t  w ith  th e

a c id  o c c u rs  b r in g in g  abo u t a  s m a l le r  k r e l a t i v e  to  th e  b u lk  r a t e .m

T h is  e f f e c t  i s  seen  in  a  s m a l le r  k in e t i c  r a t i o .

Base H y d ro ly s is

F o r N -m ethyloctanohydroxam ic a c id ,  th e  base  h y d ro ly s is  fo llo w s  

th e  s ta n d a rd  k in e t i c  scheme: The r a t e  in c re a s e s  w ith  in c re a s in g
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s u r f a c ta n t  c o n c e n tra t io n  and pseudo f i r s t - o r d e r  k in e t i c s  i s  o b se rv ed .

—A maximum o ccu rs  a t  201 .9  x 10 M c ta b  and a t  l a r g e r  s u r f a c ta n t  con-

-6  -1c e n t r a t i o n s  th e  r a t e  d e c re a se s  to  a  p la te a u  a t  ~ 7 x 10 sec

The p re se n c e  o f  a  maximum in  th e  r a t e - s u r f a c t a n t  p r o f i l e  i s  d e sc r ib e d
g

above ("A cid  H y d ro ly s is " ) .  T ab le  13 and F ig u re  5 show th e  r e s u l t s
.  46

o f  th e  i n t e r p r e t a t i o n  by E q u a tio n  1 ( r  = -0 .9 9 5 9 , F t e s t  shows s ig -
47

n if ic a n c e  w ith in  th e  1 .0 ^  l e v e l  ) .  The k in e t i c  r a t i o  = 3 * 3 2  and

K/N = 1001. The low k in e t i c  r a t i o  would be e x p ec ted  from  th e  la rg e

22K/N a s  d is c u s s e d  above ("A cid  H y d ro ly s is " ) .

The h a l f - l i f e ,  t^ y 2 , l i s t e d  in  T ab le  11, f o r  N -m ethy loctano­

hydroxam ic a c id  and octanohydroxam ic a c id ,  shows th a t  th e  h y d ro ly s is  

i s  f a s t e r  f o r  octanohydroxam ic a c id  w ith  and  w ith o u t c ta b .  The base  

h y d ro ly s is  i s  p ro b a b ly  l i k e  an  amide h y d r o ly s is .  The r e l a t i v e  r a t e  

f o r  such  r e a c t io n s  i s  dependen t upon many f a c t o r s ;  how ever, th e  m ajor 

d i f f e r e n c e s  in  th e s e  two r e a c t a n t s  a re  th e  le a v in g  g roup  and th e  

lo c a t io n  o f  th e  n e g a tiv e  ch arg e  on th e  r e a c ta n t ,  which would be 

ex p e c te d  to  be in  th e  a n io n ic  form  under th e  e x p e rim e n ta l c o n d i t io n s .

I f  th e  lo s s  o f  th e  le a v in g  group  i s  th e  r a te -d e te rm in in g  s te p ,  th e n  

th e  f a s t e r  r e a c t io n  would be ex p e c te d  to  be th e  one w ith  th e  le a v in g

group  th a t  can b e s t  accommodate th e  n e g a t iv e  ch a rg e , t h a t  i s ,  th e
4g cm

w eaker Lewis b a s e . J In  t h i s  c a se , N -m ethylhydroxylam ine i s  th e  

s t r o n g e r  b a se , and , th e r e f o r e ,  octanohydroxam ic a c id  would be ex ­

p e c te d  to  r e a c t  f a s t e r .  A gain th e  o rd e r  o f  th e  r e l a t i v e  r a t e  d id  

n o t change w ith  th e  in t r o d u c t io n  o f  m ic e l le s  which im p lie s  t h a t  th e  

m ic e l le s  d id  no t produce a  la rg e  change in  mechanism.

O ctanohydroxam ic a c id  must no t fo llo w  th e  s ta n d a rd  k in e t ic
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scheme becau se  above th e  k in e t i c  cmc, 2 x 10 ^  M c ta b  (assumed, to  be 

th e  same as  t h a t  o f  N -m ethyloctanohydroxam ic a c id )  pseudo z e ro -o rd e r  

k in e t i c s  i s  ob serv ed  (T ab le  1 1 ) . T h is  r e s u l t  i s  n o t ex p ec ted  s in c e  

th e  r e a c t io n  i s  pseudo f i r s t - o r d e r  below th e  k in e t i c  cmc and w ith o u t 

s u r f a c t a n t .  To in v e s t ig a t e  t h i s  un ex p ec ted  o b s e rv a tio n , h y d ro ly se s  

i n  0 .04539 N and 0 .1829 N NaOH were done. In  b o th  c a s e s ,  o c ta n o -  

hydroxam ic a c id  shows pseudo z e ro -o rd e r  k in e t i c s .  N -M ethy loctano- 

hydroxam ic a c id  was a l s o  ru n  a t  th e s e  base  c o n c e n tr a t io n s  and r e ­

s u l te d  in  pseudo f i r s t - o r d e r  k in e t i c s  (T ab le  1 6 ) , T h e re fo re , th e  

base  c o n c e n tra t io n  from 0 .04539  to  0 .1829  N does n o t p la y  an  im por­

t a n t  r o le  i n  th e  change i n  o rd e r  f o r  octanohydroxam ic a c id .  F u r th e r  

i n v e s t ig a t io n  in to  how octanohydroxam ic a c id  i s  s o lu b i l i z e d  in  c ta b  

m ic e l le s  and th e  e f f e c t  th e  m ic e l le s  have on th e  e q u i l ib r iu m  betw een 

th e  f r e e  a c id  and i t s  s a l t  may h e lp  in  u n d e rs ta n d in g  t h i s  u n a n t ic i ­

p a te d  o b s e rv a tio n .

C on c lu sio n

The s ta n d a rd  k in e t i c  scheme, F ig u re  2 , and E q u a tio n  1 work w e ll 

to  d e s c r ib e  th e  m ic e l l a r ly  c a ta ly z e d  a c id  h y d ro ly s is  o f  N -m ethyl- 

octanohydroxam ic and octanohydroxam ic a c id s  in  sodium 1 -dodecane­

s u l f o n a te .  The r a t e  o f  h y d ro ly s is  f o r  N -m ethyloctanohydroxam ic a c id

49 50 /i s  f a s t e r  w ith  and w ith o u t s u r f a c ta n t . .  The k in e t i c  r a t i o ,  k ^ /k ^ ,

/ 24and K/N show an in v e rs e  r e l a t i o n s h i p  due to  s o l u b i l i t y  f a c t o r s .

The c a t io n ic  m ic e l le s ,  form ed w ith  c ta b ,  c a ta ly z e  th e  base  

h y d ro ly s is  o f  N -m ethyloctanohydroxam ic a c id ,  and th e  use o f  th e  s ta n ­

d a rd  k in e t i c  scheme and E q u a tio n  1 work w e ll in  i n t e r p r e t i n g  th e  d a ta .
ii
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A la rg e  k/ n , 1001, and a  sm all k i n e t i c  r a t i o ,  3*32, were found . 

O ctanohydroxam ic a c id  shows pseudo z e ro -o rd e r  k in e t i c s  above th e  

k in e t i c  cmc. A p p a ren tly , th e  base  c o n c e n tra t io n  does no t p la y  a  

s i g n i f i c a n t  r o le  in  th e  change in  th e  o rd e r  o f  th e  r e a c t io n ,  s in c e  

no change in  th e  o rd e r  i s  ob serv ed  a t  h a l f  and double th e  b ase  con­

c e n t r a t io n  f o r  b o th  compounds.

F u r th e r  in v e s t ig a t io n  in to  how octanohydroxam ic a c id  i s  s o lu b i ­

l i z e d  in  c ta b  m ic e l le s  and what form , f r e e  a c id  o r  s a l t ,  th e  compound 

i s  i n  i n  th e  m ic e l la r  m ic ro -en v iro n m en t, which i s  where m ost o f  th e  

compound i s  e x p e c te d  to  be found , may h e lp  in  u n d e rs ta n d in g  th e  

o b served  change in  o rd e r .  In  a d d i t io n ,  s tu d ie s  w ith  o th e r  N - s u b s t i -  

t u t e d  a lk y lh y d ro x am ic  a c id s  sh o u ld  be done to  h e lp  u n d e rs ta n d  th e  

s o l u b i l i t y ,  l i p o p h i l i c ,  and e l e c t r o n i c  e f f e c t s  on th e  m ic e l l a r ly  

c a ta ly z e d  h y d ro ly s is  o f  th e s e  compounds.
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APPENDIX A 

DERIVATION OF ZERO ORDER RATE EQUATION

The r a t e  e x p re s s io n  f o r  a  ze ro  o rd e r  r e a t io n  i s

= §  = k (32)

where C i s  th e  r e a c ta n t  c o n c e n tr a t io n ,  t  i~  th e  tim e , and k i s  th e  

ze ro  o rd e r  r a t e  c o n s ta n t .  I n t e g r a t io n  o f  th e  r a t e  e x p re s s io n  

r e s u l t s  in  E q u a tio n  33

C. = k t + c (33)t  o

where C. i s  th e  r e a c ta n t  c o n c e n tr a t io n  a t  tim e t  and G i s  th e  r e a c -  t  o

t a n t  c o n c e n tr a t io n  a t  zero  tim e . When a  = th e  i n i t i a l  r e a c ta n t  con-o

c e n t r a t i o n  a t  ze ro  tim e and x = th e  amount r e a c te d  a t  tim e  t ,  th e n

E q u a tio n  33 "becomes

(a  -  x) = - k t  + a (3*0v o '  o

and d iv id in g  by a Q g iv e s

(a  ~ x ) “kto
+ 1 . (35)

a  ao o

(a  -  x) A, -  A A, ̂ o ' _ t  °o _ _ t

a  A -  A„ Ao o 00 o

s in c e  A^ = 0 ( 36 )

where A, = ab so rb an ce  a t  tim e t ,  A = i n i t i a l  ab so rbance  a t  t  = 0 ,  t  0

and A^ = abso rbance a t  i n f i n i t e  tim e , i . e . ,  com plete r e a c t io n ,  i s  

z e ro . S u b s t i tu t in g  E q u a tio n  36 in to  E q u a tio n  35 g iv e s

5^
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A. - k t
7~  =   + 1A ao o

o r

-A k t
A, = — 2—  + A . (37)t  oa o

B e e r 's  law f o r  th e  i n i t i a l  ab so rbance  and c o n c e n tr a t io n  s t a t e s  i s

A = €ba (38)0 0

where € = m olar a b s o r p t i v i ty  and b = p a th  le n g th  in  cm. U sing 

E q u a tio n s  37 38 g iv e s

-€bA k t
A. = -------°—  + A

‘  A0

o r

A, = -C bkt + A . (17)t  o
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