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INTRODUCTION 

This study was designed t o  determine h.ydrolysis r a t e s  of ethylene 
dibromide ( E D B )  a t  two temperatures, each with th ree  pH regiments. These 
s i x  t e s t  regimes, a l l  conducted in darkness, were expected t o  provide 
es t imates  of E D B  h a l f - l i f e  and the  applicable r ~ t e  law. Product deqra- 
dates  were t o  be iden t i f i ed  by qas chromatoqra~hic/mass spectrometric 
techniques and/or ion chromatography. 

Consider a simple case in  which t he  aqueous hydrolysis of an alkyl 
bromide, R-Br, i s  found t o  follow the  kinet ics  

Rate cC [R-Brl. 

Al though [H20] does not f igure  i n  the  r a t e  equation, one cannot conclude 
t h a t  t he  rate-determining s t ep  does not involve t he  par t i c ioa t ion  of 
water. If water i s  being used as  the  solvent ( a s  i s  t he  case in  t h i s  
s tudy) ,  i t s  concentration would remain v i r tua l ly  uqchanged whether o r  not 
i t  ac tua l ly  part icipated in  the  reaction.  

The par t ic ipat ion of water might be revealed by carrying out the  
hydrolysis  in another solvent with only a small concentration of water; 
then t h e  hydrolysis may be found t o  follow the k ine t i cs  

However, i f  t h i s  a l t e r a t i on  of t he  environment chanqes the actual 
mechanism by which t he  reaction ~ r o c e e d s ,  then no information i s  qained 
concerning the  reactions taking place i n  the  i n i t i a l  aqueous solution.  

A br ief  discussion of t he  theory of chemical k ine t i cs  fol lows,  
along w i t h  a presentation of t he  techniques employed t o  es tab l i sh  r a t e s  
and ca lcu la te  hal f - l ives .  



CHEMICAL KINETICS 

Chemical k inet ics  i s  concerned with the velocity of react ions  and 
with the  intermediate steps by which reactants  a r e  ul t imately converted 
i  nto products. 

Mol ecul a r i t y  of Reactions 

A unimolecular reaction i s  one i n  which only one molecule reacts  a t  
a  time. Examples are:  

Br2 + ~ r '  + ~ r '  

H-C-COOH H-C-COOH 
I I 

H-C-COOH 
\\ 

HOOC-C-H 

A bimolecular reaction i s  one in  which two molecules ( e i t h e r  of t he  same 
or d i f f e r en t  kinds) react .  Examples are :  

A termolecular reaction takes place as a r esu l t  of the  simultaneous 
co l l i s i on  of three  molecules. An exam~le  i s :  

F i r s t  Order Reactions 

A f i r s t  order reaction i s  one in  which the  r a t e  of the  reaction i s  
found by experiment t o  be d i r ec t l y  ~ r o p o r t i o n a l  t o  t he  concentration of 
t h e  react ing substance. I t  follows from the  law of mass act ion t ha t  a t  
constant  volume: 

-- dc = k c ,  
d t 

i n  which: c  = Concentration of reactant  

t = Time 

k = Constant (ca l led  t h e  r a t e  constant)  

-- 
1. dc  = r a t e  of decrease in  concentration with time. 

d t 

Rearranqi n q  a n d  in teqra t i  n q :  



1  nc - = k t  + constant 

-k t - constant 
3. lo$ = 2.303 2.303 

Thus, i f  lo$ i s  plotted versus t ,  a  straicjht l i n e  i s  obtained whose 
slope i s  -k/2.303. However, i f  equation 2. i s  in tegra ted between the  
l i m i t s ,  c l  a t  t l  and C2 a t  t 2 :  

i n  which: Cl  = Concentration of reactant  a t  time t l  

C2 = Concentration of reactant  a t  time t 2  

Equation 7 can be mod 

2.303 
8. k = -  t l o g  

i f i ed  as follows: 

i n  which: Co = Concentration a t  the  beginninn of reaction ( i  .e . ,  t = o )  
C = Concentration 1 e f t  a t  time t. 

If the i n i t i a l  concentration of reactant  i s  represented b , ~  a  and 
t h e  amount reacted i n  time t i s  represented b y  x ,  then a-x i s  the  con- 
cen t ra t ion  remaining a f t e r  time t ,  and: 

- 1 I t  i s  evident from equations 8. and 9. t h a t  k has the  un i t s  of time . 
The "ha l f - l i f e ) " ,  t l / 2  i s  the  time necessary f o r  half  of a  oiven quan- 
t i t y  of material t o  react .  Then: 



In general ,  i f  a  reaction has been shown t o  be of f i r s t  order i t  can be 
assumed t o  be unimolecular. A reaction i s  of f i r s t  order i f :  

1. Reasonably constant values for  k a r e  obtained when the  experimental 
data a re  subst i tu ted i n t o  equations 7., 8., o r  9., o r  

2. A s t r a i gh t  1  ine  i s  obtained when lo$ i s  p lot ted  versus t (equation 
3 . ) .  

Example. For the  reaction 

t h e  following data were obtained 

t i n  sec 0  
Conc. of A 50.8 

Prove t h a t  the  reaction i s  of f i r s t  order 

2.30 50.8 - 1 
k = -  

900 1  oq - = 0.00105 sec 19.7 

2.30 50.8 - 1 

k = 1 8 0 0  1 og - 7.62 = 0.00105 sec 

Since t he  two values of k agree, the reaction i s  of the  f i r s t  order. 

Example. In the  example above, ca lcula te  how l o n a  i t  would take f o r  half 
of t he  or ig inal  material t o  decompose. 

Second Order Reactions 

I f ,  t h e  r a t e  of a reaction de~ends  on the  concentration of two 
substances,  the  reaction i s  o f  second order. I f :  



dcA dCB 
12. Then -7 - - -- 

d t = K.CA.CB 

dca -- 
d t  

= r a t e  a t  which the  concentration of A decreases, 

d C ~  = r a t e  a t  which t he  concentration of B decreases -- 
d t  

k = r a t e  constant 

CA = Concentration o f  A ,  

C B  = Concentration of B.  

I f  t h e  i n i t i a l  molar concentrations of A and B a r e  represented b y  a  and 
b y  resoectively,  and i f  x denotes the  amount of A and B reactinq i n  time 
t ,  then: 

13. dx  - 
d t  = k (a-x) ( b - x )  

However, 

14. dx  - 
d t 

Integrat  

i f  a=b, then 

- = k (a-x) 2 

ng: 

15. 1 
- -  

a-x k t + C  

i n  which C = constant of in tegra t ion.  The constant C may be evaluated by 
s e t t i n g  x=o when t=o.  Then: 



Subst i tu t ing in to  equat ion 15: 

1 1 

a-x = k t  4-T 

- - - -  
a-x a - k t  

I f  t h e  concentrations a r e  expressed in moles / l i ter  and time i s  exnressed 
. i n  seconds, then k has the  un i t s  o f  liters/mole-seconds. 

When half  of the  or iq inal  material has reacted, x=a/2 and: 

I t  must be remembered t h a t  equations 18. and 19. aoply only when a=b. 

I f  a=b then equation 13. must be intearated.  This in tea ra t ion  aives the  
f o l  lowins: 

2.303 l o g  b(a-x) 
20. k =  - t (a-b) a(b-x) 

In general ,  a reaction may be assumed t o  be bimolecular i f  i t  i s  of 
second order. A reaction i s  of second order i f :  

1. Reasonably constant values of k are  obtained when experimental data 
a r e  subst i tu ted i n t o  equations 18. ( i f  a=b) o r  20. ( i f  a=b)  o r  

2. A s t r a i ph t  1 ine i s  obtained when l/a-x i s  p lot ted  versus time ( t r ue  
only i f  a=b) 

An  example of a second order.  reaction i s  t he  saponificat ion of ethyl ace- 
t a t e  by  sodium hydroxide. 

CH3COOC2H5 + OH-  = c H ~ c O O -  + C ~ H S O H  



Example. A certain himolecular reaction in which a = b = l  mole/l i t e r  i s  10% 
complete in 19 minutes. How long does i t  take the reaction t o  be 50% 
complete? 

a n d  t1/2 = .a (0.0111) (1) = 90 minutes 

Third Order Reactions exis t ,  b u t  are rare. 

Zero Order Reactions 

A reaction i s  of zero order i f  the reaction ra te  i s  unaffected b.y 
concentrations. This i s  possible i f  the ra te  i s  determined by some other 
lirnitinq factor,  as absor~t ion  of l i gh t ,  or i f  the concentration i s  kept 
constant (as  in a saturated solution).  

F o r  such a reaction: 

and CA = - k t  + a constant 

A plot of concentration versus time yields a  s t ra ight  1  ine. This c r i -  
te r ion  can be used t o  prove t h a t  a reaction i s  of zero order. 

Compl ex Reactions 

Only a  few reactions are straightforward f i r s t - ,  second-, or third 
order reactions. Instead, several reactions are usually takinq place a t  
one time. There are three imoortant t y ~ e s  of complications. 

Consecutive Reactions. A consecutive reaction may be renresented as: 

in  which k l  i s  the ra te  constant for  the f i r s t  s t e ~  and k 2  i s  the ra te  
constant fo r  the second steo. Consecutive reactions are  very common. 
For example, the oxidation of ethane t o  C02 a n d  Hz0 real ly  passes throunh 
a  ser ies  of intermediate steps in which alcohols, ketones, acids, etc. ,  
are  formed. 



Reverse Reactions. A reverse reaction may be represented as: 

in which k l  i s  the rate  constant for the forward reaction and k 2  i s  the 
r a t e  constant f o r  the reverse reaction. If the rate  of the reverse reac- 
t ion i s  appreciable, i t  must be taken into account i n  the evaluation of 
k l  i f  a  correct value i s  t o  be obtained. 

Side Reactions. A side reaction may be represented as: 

These are  e s ~ e c i a l l y  common in organic chemistr,~. For examole, the 
n i t ra t ion  of phenol gives b o t h  o-nitronhenol and  p-nitrophenol. The 

. amount of each isomer obtained depends on k l  and k 2 .  The orsanic chemist 
t r i e s  t o  suppress undesi rabl e side reactions b y  appropriate control of 
temperature, pressure, catalyst ,  a n d  other factors.  



EXPERIMENTAL 

Solutions of ED6 i n  aqueous buffers were prepared as follows. The 
E D B  was weighed in  a small glass thimble and was dronped in  a 1-1 i t e r  
volumetric f l a sk  f i l l e d  t o  the  mark with the  corresnondinq b l~ f f e r .  A 
maqnetic s t i r r e r  bar was added; the f l ask  was then stoppered and aa i t a ted  
overnight o r  unt i l  the  g lass  thimble was broken i n t o  small pieces and the  
ED6 comoletely dissolved. The water and the  qlassware were s t e r i l i z e d  i n  
an autoclave. 

Three solut ions  were prepared: one i n  the  buffer  o f  pH5, 95.6 ppm; 
t h e  second in the  buffer of pH7, 88.8 pprn; and the  t h i r d  in the  buffer  of 
pH9, 85.1 ppn. 

A t  t he  same time, a standard solut ion was prepared in d i s t i l l e d  
water, 96 ppm. Several glass ampules were f i l l e d  with each of the  E D B  
so lut ions  and sealed with a propane-oxygen torch.  Each ampule had 
approximately 1 cm3 headspace. 

A number of amnules of each buffer  solut ion were placed in  an incu- 
bator  maintained a t  25+1°C and in  another maintained a t  45+1°C. A number 
of ampules were a l so  f i l l e d  with the standard ED6 solut ion,  sealed and 
kept in  t he  re f r ige ra to r  a t  4°C. 

One ampule f o r  each pH and ternoerature ( t o t a l  of s i x )  was withdrawn 
from the  incubators and analyzed fo r  E D B  concentration on days 0, 30, 60, 
95  and 140. Each ampule was broken and 0.4p1 samples were withdrawn 
with a microsyrinpe f o r  chromatograohic analysis .  Six rep l i ca te  analyses 
were performed from each ampule, the amnule being capped between 
samplings. The mean of the  s ix  analyses was calculated and used as the  
concentration a t  t h a t  da,y.  

Detection response was standardized f o r  each analysis  r u n  usino 
0 . 4 ~ 1  reference solution of 96 pprn EDB.  A new ampule of the  standard E D B  
so lut ion was withdrawn from the  re f r iqora to r  on each analysis  d a y .  The 
E D B  concentration i n  the  buffer solut ions  was calculated by  comparinq t he  
area of the  sample peak t o  the  area of the  reference standard of known 
concentration. 

Temoeratures and DH reqiments were as follows: 

Incubation tern~erature  
in "C 

The ampules were discarded a f t e r  analysis .  



Cal cul a t i  ons 

C - - 'standard A s a m ~ l e  Vstandard 
sample As t anda rdxVsample  

I where C = Concentration 

V = Volume ( 0 . 4 ~ 1 )  

I A = Area given in  un i t s  generated by the  G C  i n t eg r a to r ,  

I Product Hal f-Life Calculation 

The ha l f - l i f e  f o r  the decomposition of E D B  was calcula ted assuminq 
f i r s t  t h a t  the  reaction follows zero order k ine t i cs  and second t ha t  t h e  
react ion follows f i r s t  order k ine t i cs .  Since a l l  t h e  experimental 
r e s u l t s  point towards a zero o r  f i r s t  order r a t e ,  t he  h a l f - l i f e  was not 
ca lcula ted f o r  a h i  qher order. 

Zero Order: A plot of concentration vs. time was made. The plot  
t r e a t ed  as a s t ra igh t  l ine .  A s t r a i gh t  l i n e  was drawn from t h e  
half-concentration on the  x-axis and para l l e l  t o  t h e  y-axis ( t h e  
a x i s ) .  From the point of in tersect ion of t h d t  l i n e  and the  
concentration-time plot  curve, a perpendicular t o  t he  y-axis was 
The in te r sec t ion  point on the y-axis gives the  h a l f - l i f e  t l  2. 
shows t he  ha l f - l i f e  of the hydrolysis of E D R  f o r  t he  s i x  s e  s of 
cen t ra t ions  assuming t ha t  the order of hydro1,ysis was zero. 

C 

was 
point of 
time 

drawn. 
Table IX 

con- 

F i r s t  Order: Making t h e  assumption t h a t  the  hydro1,ysis of EDB follows 
f i r s t  order reaction,  t he  h a l f - l i f e  was calculated from the  formula 

Tables I11  through VIII l i s t  t h e  hal f - l ives  of EDB hydro1,ysis f o r  the  s i x  
combinations o f  pH and temperature. 



In t h i s  study we hav 

DISCUSSION 

,e a t t e m ~ t e d  t o  d etermine t he  hydrol.ysis r a t e  of 
ethylene dibromide; t o  iden t i fy  the  order of the  react ion,  and t o  calcu- 
l a t e  t he  half-1 i f e  under each s e t  of experimental conditions. 

i 

Ethylene di bromide, however, i s  a  bifunctional molecule capable 
of undergoing a  number.of d i f fe ren t  reactions e i t h e r  concurrent1.y o r  
sequen t ia l ly ;  thus t he  hydrolysis r a t e  should not be expected t o  comply 
with any simple r a t e  law. 

For example, e i t h e r  o r  both bromine atoms could be subst i tu ted by a  
hydroxyl group via a  unimolecular reaction of the SN-1 t y ~ e  o r  by a  bimo- 
1 ecul a r  SN-2 type reaction.  

SN1 Sn- 1 

ethyl ene di bromi de bromoh,ydri n 

1 t o  y i e ld  t he  Bronohydrin and then the  ethylene 41,ycol. 

Although t h e  high po1arit.y of the  solvent wi l l  favor the  unimolecu- 
l a r  mechanism SN-1, t h e  s t ruc tu re  of a  primary alkyl bromide wi l l  favor 
a  bimolecular type mechanism such as SN-2. 

The overall  condit ions therefore  are not optimum f o r  e i t h e r  SN-1 o r  
Sn-2 type displacement, and although they both ma.y be operatinq,  t h e i r  
contr ibut ion t o  t he  hydrolysis r a t e  would be expected t o  be small. 

Another mechanism expected t o  be very i rn~or tan t  i n  the  hydrolysis 
of ethylene d i  bromide i s  "neighboring group par t ic ipat ions ."  

One bromine atom i s  replaced by a hydroxyl group via SN-1 o r  SN-2 
type of di sp1 acement reaction.  The newly i  ntroduced hydroxyl qrouD i s  
f u r t h e r  converted i n t o  an alcoxide by the  base; t he  alcoxide in  turn  
displaces  i n t e rna l l y  t h e  second bromine atom of t he  ethylene dibromide, 
y ie ld ing  an epoxide. The epoxide i s  then converted t o  t h e  eth.ylene ply- 
col by t he  base. 

ethyl ene di bromi de bromohydri n a1 coxi de 

11 



The react ion p o s s i b i l i t i e s  f o r  ethylene dihromide do not stop here. In 
addit ion t o  the  subs t i tu t ion  react ion,  elimination reactions a r e  a l so  
poss ible  under the  hydrolysis condit ions,  y i e l  dins o l e f i  nes: 

The overall r a t e  as  we17 as the  r a t e s  of the  individual possible 
react ions  wil l  depend on the reaction condit ions,  e s ~ e c i a l l y  t he  tem- 
perature.  Table I  shows the concentrations of ED0 solut ions  in buffers 
of pH5, pH7, and pH9 from time zero t o  time 140 days, and Table I1 shows 
t he  percentages of i n i t i a l  concentration reacted a t  d i f f e r en t  times. I t  
i s  evident from the f igures  of Table I  t h a t  t he  r a t e  of hydrolysis a t  
25yC i s  greater  f o r  pH5 and smaller f o r  the  pH9 solut ions .  This i s  
contrary t o  the  expectation of greater  r a t e s  a t  hiqher pi-i values. A t  
45yC, however, the  r a t e s  increase as the  pH of the  solut ion increases. 

Figures I through V I  represent t he  change in concentration of 
ethylene dibromide with time f o r  a l l  the  6 combinations of pH and tem- 
pera tures .  A t  25°C and f o r  a l l  three  pH solut ions ,  t he  concentration 
decreases slowly and almost l inear ly  with time. Such l i nea r  decrease in  
t h e  concentration indicates  an apparent zero order reaction.  

I t  i s  very hard t o  accept a  zero order reaction f o r  a substance 
such as ethylene dibromide with so many possible decomposition pathwa,ys. 
A t  such low concentrat ions,  however, an excess of buffer  reagents a n d  
very mild conditions can resu l t  in  an overall  decrease i n  concentration 
i  ndependent of the  concentration i t s e l f .  

On the  o ther  hand, a t  45°C and f o r  a l l  three  pH solut ions ,  the  
r a t e  of hydrolysis i s  greater  and the p lo t s  of concentration versus time 
d o  not y ie ld  a  s t r a i gh t  l ine .  Under these  condit ions,  the  apparent order 
of the  reaction i s  not zero. 

Fiqures V I I  through XI1 represent p lo t s  of lo$ versus time. 
According t o  the  theory described i n  the  in t roduct ion,  i f  such a    lot 
produces a  s t r a i gh t  l i n e ,  the reaction i s  of f i r s t  order.  Aqain, the  
p lo t s  f o r  t he  solut ions  a t  25°C and a l l  t h r ee  pHs a r e  almost 
s t r a i g h t  l i ne s .  I t  i s  not possible,  of course, t o  have a  reaction follow 
zero a n d  f i r s t  order k inet ics  a t  the  same time. However, we may be 
dealing with a  s i t ua t i on  in which, under t he  experimental condit ions,  the  
r a t e  i s  between zero and f i r s t  order. 



A t  45"C, on the  other hand, the  plot  of loaC versus time apnroaches 
a  s t r a i g h t  1  ine as the pH increases from 5 t o  9,  becoming a s t r a i q h t  l i n e  
a t  pH=9. 

Again, according t o  the  the0r.y of reaction r a t e s ,  t h i s  would be 
in te rpre ted  as a  chanqe of the apparent reaction order from zero t o  f i r s t  
a s  t h e  temperature increases from 25°C t o  45°C and as the  pH increases 
from 5 t o  9. 

Another c r i t e r i on  f o r  f i r s t  order reactions i s  the  constant  values 
of k ca lcula ted from equation 7. a t  d i f fe ren t  times durinq t he  course of 
t h e  reaction.  Tables 111 throuqh VIII show the  values of the  react ion 
r a t e  constant during the  progress of the  hydrolysis reaction of E D B  and 
f o r  a l l  t h e  combinations of pH and temperature. For each so lu t ion ,  the  
values of k a r e  not c lose  as they would be expected t o  be f o r  a  t r u e  
f i r s t  order reaction. They are ,  howevw, of the same order of maqnitude. 
The c loses t  agreement of k values i s  f o r  the  hydrolysis react ion a t  45°C 
and pH 9  (Table VII), f o r  which the  q r a ~ h  of loqC versus time (Fiqure VI) 
a l s o  sugqests a  f i r s t  order. 

A t  t he  end of the  140-day incubation period, each sample was ana- 
lyzed f o r  bromide ion by ion chrormtoqraph,y a n d  f o r  v o l a t i l e  orqanic 
byproducts of E D B  hydrolysis by GC/MS. 

The r e su l t s  of t h e  bromide analys is  a re  shown in  Table IX. I t  i s  
i n t e r e s t i ng  t o  note t ha t  a t  140 days'  incubation time, the  perceqtaqes of 
E D B  reacted a r e  very s imi lar  t o  the  correspondina percentaaes o f  t o t a l  
bromine content converted t o  bromide ion (comparison of Tables I 1  and 
VI). 

The analys is  f o r  vo l a t i l e  organic byproducts was done usinq a  
purge-and-trap module (Tekmar) i  nterfaced w i t h  a Fi nni gan GC/MS 
(OWA-1000). The only product iden t i f i ed  was ethyl ene brorni de (CH2-CHBr ) . 
I t s  concentration could not be assayed due t o  losses  of evaooration upon 
breakinq the  sample ampule and due t o  unknown t r a p ~ i n g  e f f i c iency  of the  
Tenax t r a p  f o r  ethylene bromide. I t  appears, however, t o  be t he  major 
byproduct, especia l ly  f o r  the 45:C, pH9 sample. This i s  a  qood indica- 
t i o n  t h a t  t he  major decom~osit ion reaction a t  45°C and pH9 i s  the  dehy- - 
drohalogenation, e.g. 

OH-  
CH2 Br CH2Br .-> 

The ~ r o d u c t  of debroni nation, 
i s  poss ible ,  however, t h a t  t h  
Tenax adsorbent f o r  eth.yl ene. 

CH2 = C H B r  + Br- + Hz0 

ethylene ( C H 2  = C H 2 ) ,  was not 
i s  i s  due t o  poor trapping e f f  

detected.  I t  
iciency of the  



SUMMARY 

This study ind ica tes  the  following: 

1. The r a t e  of hydrolysis of E D B  i s  very slow a t  25°C and a t  pH 5, 
7 or  9. 

2 .  A t  25°C t he  r a t e  increases as  the  pH decreases from 9 t o  5. 

3. The apparent order of t he  hydrolysis reaction i s  zero a t  25°C 
f o r  a l l  t h r ee  pH's. 

4. A t  45°C t h e  r a t e  increases as the pH increases from 5 t o  9. 

5. The ra tes  a t  45" a re  several times f a s t e r  than a t  25" a t  a l l  
th ree  pH's, and the  k ine t i c  order a~proaches  one. 

6. The half-1 ives  of hydrolysis ranqe from 531 days a t  25" and 
pH9 t o  169 days a t  45" and pH9, assumina a  zero order reac- 
t i o n ,  and from 3352 days a t  25" and pH9 t o  137 days a t  45' 
and pH9. 

7. The primary reaction of EDB decomposition appears t o  be the  
dehydrohalogenation, a t  l eas t  a t  45' and pH9. 



T A B L E  I  

C O N C E N T R A T I O N S  O F  E D B  S O L U T I O N S  I N  B U F F E R S  OF 
pH 5, pH 7 AND p H  9 FROM T I M E  Z E R O  T O  T I M E  140 DAYS 

2 5 ° C  ( C  i n  ppm) 4 5 ° C  ( C  i n  ppm) 

Time (days)  pH 5 pH 7 pH 9 pH 5 pH 7 pH 9 

C H E M 4  
T A B L E  I 



TABLE I 1  

PERCENTAGE OF I N I T I A L  CONCENTRATION OF ETHYLENE DIBROMIDE 
REACTED AT DIFFERENT TIMES 

I 
25°C ( C  i n  ppm) 45°C (C i n  ppm) 

I Time (days )  pH 5 pH 7 pH 9 pH 5 pH 7 pH 9 

C HEM4 
TABLE I I 



TABLE I 1 1  

VALUES OF K AND t l  2 FOR THE HYDROLYSIS REACTION k OF ED A T  2 5 "  and p H = 5  



TABLE I V  

VALUES OF K AND t l  2  FOR THE HYDROLYSIS REACTION 
OF ED A T  2 5 "  and D H = ~  B 

C HEM4 
T A B L E I V  



TABLE V I  

VALUES OF K AND t l  2 FOR THE HYDROLYSIS REACTION 
OF ED 6 AT 4 5 "  and pH=5 

I CHEM4 
T A B L E V I  



T A B L E  V I I  

VALUES OF K AND t i  2 FOR THE HYDROLYSIS REACTION 
OF ED A T  45" and  p H = 7  k 

CHEM4 
T A B L E V I  I 



TABLE V I I I  

VALUES OF K AND tl 2 FOR THE HYDROLYSIS REACTION 
OF ED k A T  4 5 "  and pH=9 

C HEM4 
T A B L E V I I I  



T A B L E  IX 

CONCENTRATIONS OF BROMINE REACTED A N D  CONVERTED TO BROMIDE ION 
FOR A L L  SIX SOLUTIONS OF E D B  A N D  IN 140 DAYS INCUBATION TIME 

Concent rat ion Bromine 

I Conditions of E D B  
Bromine Bromine 

content 
t o ,  pH 

reacted 
mg/? i t  e r  

reacted 
mg/l i t  e r  mg/l i  t e r  % 

I 25", pH 5 95.6 81.4 4.5 5.5 . 

25", pH 7 88.8 75.6 4.0 5.3 

25", pH 9 85.1 72.4 4.5 6.2 

45", pH 5 95.6 81.4 23 28.3 

45", pH 7 88.8 75.6 3 2 36.0 

45", pH 9 85.1 72.4 27.5 38.0 

TABLEIX 



TABLE X 

AVERAGE H A L F - L I V E S  ASSUMING ZERO AND F I R S T  ORDER K I N E T I C S  

CHEM4 
TABLEX 



0 30 60 95 120 140 150 180 200 
TIME t (days) 

Figure I .  Change in concentration o f  E D B  with time a t  25°C a n d  pH = 5 .  



0 30 60 95 120 140 150 180 200 
TIME t (days) 

F i g u r e  11. Change i n  c o n c e n t r a t i o n  o f  EDB w i t h  t ime  a t  2 5 O C  and pH = 7 .  



0 30 60 95 120 140 150 180 200 
TIME t (days) 

Figure 111. Change in  concentration of EDB with time a t  2 5 O C  and pH = 9 .  



0 30 60 95 120 140 150 180 200 
TIME t (days) 

Figure IV. Change i n  concentrat ion of  ED6 w i t h  time a t  45°C and pH = 5 .  



0 30 60 95 120 140 150 180 200 
TIME t (days) 

Figure V .  Change i n  concentration of EDB w i t h  time a t  45°C and pH = 7. 



95 120 140 150 
TIME t (days) 

Figure  V I .  Change i n  concen t r a t i on  o f  ED% with time a t  45'C a n d  pH = 9 



0 30 60 95 120 140 150 1 SO 200 
TIME t (days) 

Figure VII. Plot of log C vs. time for the hydrolysis of EDB at 25°C and pH =5 .  



TIME t (days) 

Figure VIII. P l o t  o f  l o g  C vs .  time f o r  the  h y d r o l y s i s  o f  EDB a t  25°C and pH = 7.  



Figure IX. P l o t  of log C vs. time f o r  t h e  hydrolysis of EDB a t  2 5 O C  and pH = 9 .  



95 120 140 150 
TIME t ( days )  

Figure X .  P l o t  o f  l o g  C v s .  time for the  hyd ro ly s i s  o f  EDB a t  45°C a n d  pH = 5 



0 30 60 95 120 140150 180 200 
TIME t (days) 

Figure XI. Plot  o f  l o g  C vs. time for the hydrolysis o f  E D B  a t  Q 5 O C  and pH = 7 .  



Figure  X I I .  P l o t  o f  l o g  C v s .  time f o r  the  h y d r o l y s i s  of  E D B  a t  4 5 O C  and pH = 9. 


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

