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I' &e; :+A theory of solvent effects developed in this _
.4 laboracory, referred to as the phenomenological model, had
| previously been used to successfully describe solvent & .
effecrs; in binary aquecus-organic cosolvent syscems, on
. ';v:sqlubility-, -surface cension, complexation, and absorption -
w spectra.; The model separates the observed ‘solvent effect
S nel ;g&.n:o contributions from solvent-solute interactions &7
= 2 :'(expressed by a one or two-step solvation schemel, solvenﬁ- :
| solvent interactions (expressed by a cavity model):, and”
solute-solute interactions (which ‘are eliminaced from the
model via the Leffler-Grunwald delca operator). The goal of ,
this study was to test the applicability of the : '
- phenomenological model to solvenc effect data on chemical

reaction rates. 7o this end, the decarboxylative-

- dechlorination of N-chloroalanineé was studied in eight ~ '°




aqueous-organic cosolvent systems, and the decarboxylative-

. dechlorination of N-chloroleucine was studied in 4 aqueous-

organic cosolvem: systems. : This reaction possesses several

i features that made it well-suited for a solvent effect

; . study, among them being its pH independence (in the pH range

o from S r.o 13).,. i!:,s_;;i:;sensit:ivity co ionic scrength in this -

pH range, its sensicivity to solvent effects, its -

wum.moleculanty, ang its first-order decomposx:ion kme:zcs.

These properties simplified the :.n:erpre:a:‘cn of the -

solvent effects. -

" The curve-fits to the daca were very good.® The model

and a curvature-corrected molecular surface area of ;w

ac:xvar.mn term,. AgA* The. exchange constants are -

- _correlated with log P (P is the i-octamol-wacer partition

The curvature-corrected molecular surface area of accivacion

‘ :' V B i ) o > » -
.. term, AgA¥, agrees wich the direction and :uagm.:ude of the

volume of acr._ivacion;. avE, Eor the reaccion; i 35 vl
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__coefficient) of the organic cosolvencs used ia the studies.
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i paramecers include solvation exchange consctants, Kj and Ka. |




Chaptex ~1:, . The Phenomenological Model éii,«gngkmsuo-ﬁ:

%A theory of solvent. effects developed in this lahora:ory,.-

.and referred to as the phenomenological model has been used - L
to successfully describe solvent effects, in bmanr solvent -
systems, on solubility (1-3), surface tension (4}. .
complexation (5-7) ., and absorption spectra (8).: The cheory : 
of this model, and J.r.s application to the chemical processes

listed above will be dlscussed in chis chapter.. This review

will provide the framework to understand the theory. and to

_appreciace its extension to the description of solvent oz '
’feffects Qn-Chemicalrkine:ics,ﬁﬁt&i@ Eﬁ‘ﬁnﬁﬁﬁﬂﬁi @QQ@ﬁS%ﬁa';;~" 
 ‘~1 1 General Comcepts s i :zﬁ? -‘*?;ﬁéﬁ” aris

R JRL U
";,-'”Jf" :}Jﬂ__»};

#

o

The phenomenologxcal model of solvenr. aEEeccs. as @
developed in this laboratory. separates the observed solvent
| effect on a‘ chemical process im:o contributions from: -as: . |
solvent-solute incetacr.ions. solvent -solvent inter'.accions.. :
and solute-solute interactions. In our model, solvent-.
solute interactions are described by the Solvation Effect, -

AGgyy.; solvent-solvent interactions are described by the

General Medium Effect, AGgen med.. and solute-solute

interactions are described by the Intersolute Effect,

" AGipersolute - Explicit mathematical expressmns for the

Lcw

solvation and general medium effects will be presented in ¢
the ensuing two sections. The solute-solute interactions

¥ are assumed to be i.-ndependem: of solvent composition, and
A g Jelteng i‘:ew fwi*?« "gf«.kﬁh sy B BEBI MBEE LA Yrmsd B whd

r




through applicatiod of che Leffler-Grunwald delta operator -
. (9), which will be discussed later, the Intersoluce Zffect
b.will be eliminated, therefcre fegacing the need to develop
-an .xpressxon Fop g, 19 HNeioR pAITLAEY ;¥ iiAeResnUE O3

5 fete S
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. \:"L..‘.l fhe Solvacion Effecs oFdE TR

. mesiil . The solvation Effect. which describes solute-solvent

Lk BT

wfg‘ﬁcerac:-ons, is modeled as a s»epvn.se. competitive, T T -
éxchange equilibrium between warer, W, and organic® Live
cosoivent, M, ‘for a soluce, R.’ We denote the equilibrium
exchange constant as Kn, where n'refers to che nth sctep in
the p-roces.ls. This is illuscrated in’Scheme 1 ‘for a two-

' step equilibrium process. <The number “‘o'f'steps may be

Capesh

,.‘_&sf:-'genev-anzed if desired, ‘but this d:.scuss:.on will be
Hof 4 iJiiﬁ .

1:’1:

- restricted to the two- step process.’ - |
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Though the equ:.l:.br:.a are depicted on an x.nd:.vzdual igvite

, molecula: exchange basis for machematical convenience, a-
chemically more defensible view is that the solute can exist

in a fully hydrated state, a partially solvated state, or a




fully solvated state:; the preceding chemical equations |
~ convert this concept to a quantifiable form. o 3‘*‘”’* _
By expressing the total free energy change of solvation

'as the weighted average of the three species we write, for a

LU

B N

single so lute . L g e ar A g

where Frw,. FRWM and FRM» are the Eract:.ons oﬁ solur.e '

u‘ & s

in the fully hydrated part::.ally solvar.ed. and fully

.. solvated forms. Because the sum of l:hese Eract:ions is equal

" to one, equat:mn (1.3) is rewritten as

’ g # W ” V‘W pitd o
WIS e e e s R e . _ i‘ﬁ FANEE A a“ ;)A.

B wm_.-_»ac;w2+ (Sl)FRWM #*(Sz)sz'??"“""? “”’ * (1 o

' where e L AP
S : gh};&, ® A el tga- @ gwﬁx}f; - mﬁﬁﬁ'ﬁ m’*
St=0Cpwm-8Cpw, 9
_and o _ «;i-;z. 5 :,gé“r i:__h‘_"?% . ﬁ\eﬁ;*{:@ &= ? S
R NN waw&u B b z Rt 50 :fuaa@m? T ’W “w“i Tl Ri g:gl ﬁwxﬁdf“"gfﬁ' o

e o gk

The equilibrium constants, K; and Kj;, depicted in SChenié :

1.1 may be used in conjunction with the bulk mole fractions

of water, x|, and organic cosolvent, x;. to obtain explicit

expressions for Fpwm and Fpm,-
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tzsmg che Lhermdynam.c cycles §1ven in Schemes 1. 2 and 1 3

- expressions for §; and Sy in terms ot r.he solvat:mn exchange -
)

constants are obtamed and we write 2 WJ;;;% B
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where kg is che 3oltzmann cons::am:. and T is t:he absolute

:emperature. ,
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" ¢ charge of solvation. ; M5

- 2.1.2 The General Medium Effect

contact area of the soluce is ngen by A, This area isJ

. subscituting equaﬁicns {1.10) and (1.11) into eqqation, .

(1.9), we arrive at the expression for the free energy |

( -kgT In K;) K,xph +(—kgT In K‘K‘l) Kﬂ(‘)(lﬂ

. AG +AG
o SOIV- (X[) +lelx-, +KIK1(X'Z) RW‘I
L ” P T R ¢ 3% ) O

K . \Té ) . T
The General Medium Sffecc desc*:bes solvunt-solvent SN

. interactions. - Using a wodified version of Uhlig's gas

solubility model (10), the General Medium Effect on taking M

‘51ngle solute inte solutlon (1.e.. ;o: the equxlxbrnnn'?

g
s i e Bt s . A o,v.(;aa‘m.

dxssolutxon process! is expressed as

0 MG g =AY WA am

. The General Medium Effect gives the eﬁergy'chénge associated -

with the formaticn of the cavity wichin che bulk solvenc. -
and izs energetic corcribucion to the chemical}proéess under ”
xnvesczga:zon is unfavorac-e. Here. g represencs an
emplrlcal curvature correcc;on faccor which correccs for

deviacions in the effective surface tension caused by

curvacure on the molecular level. The van der Waals surface

v
p

RV 0 SRS U SR % S SLEEP Lo Geesael Ses
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- defined as the locus of al.l exterior points of the van der
Waals surface of the solute molecule that could be in:. 7.
contact with the van der Waals surface of a solvent :zyps

" molecule. The area is treated as a composition independent . .

term (.t.hough this must be an approximation}; - ;i{{« ¥

The surface tension, Y is that for a cavity of surface
. Phase composition (3. which is defined as che mean- noe

m;,:fraccional composition of the solvation shell with respect

o JERER o

..., [0 the organic cosolvent. An expression for fy is derived

through use of the iollowing‘sumation.;g__m s v noianed .

2—-21FRW My ). (L0

. & AT A

B The. solvat:.on sco:.ch:.ometry is denoted hy RW Mj and o

k =i + _| (k is also equal to :he number of solval:mn st‘eps) .
~_Analogous to the definition and derivation of f, we define
B “fi as the mean fractional compos'fxcion of the solvation shell -
with respect to water, given by B |

{'3% *“._mw

i | . C -~
oiprny L3R ¢ YA S g .
Bkes n--Zanw,M,v T S B g s

" For a_two-step solvauon process fz is given by equacicn
(116)" N |

' ' F +2F :

[y = RWM > RM»

(1.16)
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The surface tension of the soivacion sheil is defined by

equacion (1:17),© &0 %m%s: mlooghi 18l au Ao Dué2i0w

messonl nirianoraty ﬁ B LonmeTy Bl oo 3 J”‘fﬂ‘.‘@ :

R AR (LR ELRg (Rt R (VR o sanw 813 L. 17) ms
i |

»*"*wma Svowsivey B oml asde 2lo¥ ‘ﬁmm“; Wm'w 5&;
where Y1 and y3 are the bulk surface tensions of'pure\ water

and organi¢ cosolvent, respectively!” Substituting equations

(1.7). (1.8), and (1.16) ‘into (1.17), we express the surface . .

R LR et . ip RS
tension of the solvation sheil ag ‘3% #5i =0 #24 RO

Kixgx> + 2K;Ka(x2 )2

(1.18)
(x1) -l-qux-H-K;K‘:(x‘))" L

Y=T1+Y

Fom, o

L ol B o s SR R eyl 523 s
where y (J'.L_YZ) (In general 1 J—-!l))
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.~ Thus, the general medium effecc ..s given by substitution. of
(1 18) inco (1. 13} to give
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{(1.19
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—nn SOlVaced solute.
Ry SAD? Being L aReeemmre s -

1.2 Application of the Phemomenological Model to -
 Solubiliey o '

 1.2.1 Theory
involves removal of-a molecule from the crystal lattice and

- composition fy, within the bulk solvent. Here f2 is the

. immediately surrounding the cavity; - in general its

. cavity (of surface phase composition f3) resul:ing in an .

9

el R e T

The phenomenological model envisions sol.ubiiicy as the

four-step process depicted in Scheme 1.4. The first step

subsequent transformacion to a liquid phase. The second

step involves formation of a cavity, of surface phase

: mean fractional organic composition of the solucion- GAR ey

composition differs from that of -he bulk solution. In the

third step, the liquid solute moiecule is inserted into the

unsolvaced solute within the cavity. The fourch scep - -

involves transformation of the unsoivated solute into a

‘. cBaosag puiTniowslb geveswnl sdl LB L emanul
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Scheme 1.4. The four-step dissolution process. -




' Using Scheme 1.4, we write r.he t:ot:al free energy change

- ) 5 ; = N . ‘}‘ :
Lgoaipe prLgul cindee

: oﬁ dissolution as .: ;v s gm;:rxv

S - S Y
- _ i
AGgoyq = AG;gersolute * 4G gen. med. + AGtmtion *+ AGsolv. , 1. 2_0 U

g i

-
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 where AGiereuer the Intersolute Effect, is the free energy

" contribution from solute-solute interactions in both the

e .

solution and solid phases. The solute-solute interactions g
in the solution phase are considered negligxble in diluce
solutions, or in solutions in which non-ideality- effecz:s are
' minimal. Solid phase solute-solute interactions are

: controlied by the ciyszal lattice énergy of the solute

o molecule::: AGgey meqg : Che General Medium Bffect, accounts

for all solvenr.-solvent interactions within the system; an
‘expression for this quantity was given on page 8. AGimeniou
is the free energy change ascribed to the insertion of a

¢ solute molecule into a ca’vity'df surféce phase composition

f;. Since the solvation term, AG.,,

. accounts for -#i &+
- interaction of the solute with the cavity surface phase, the |
i{nsertion energy is included within the Solvacion Effect. -
- We now rewrite equation (1.20) as o : 7
a%ﬁww poid AR50 palteups 67 TOIERSCD midr o m,;f:iv&@gﬁ

’

o3 hg Aﬁm =48G;gersotute * 4C0gen. med. +4Gy, ~wshal dusv P {1.211
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#4s .7 The r.or:al energy’ ct dissolution is given by _ *
substltutmg equatlons (1.12) and (1 19) into equation” 0 :
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Usmg the Leffler-Grunwald operator (9), the solvent effecr.
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Application of this operator to equation (1.22) eliminates
the solvent independent l:e:_:ms., and allows _equat;cn (1.22) to

be expressed as

X2 = G), this equation reduces l:o . o
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Cabi 2 ., . Equation (1. 25) is the phenomenological model for. .

solvent effects on solub:.l:.l:y in binary mixed solvents.

- Because the equation was derived from a two-step solvation

L]

scheme, it will be called a two-step solubility model. g

menmentally we measure the equilibrium mole fract:.on
solubility of the solute, X3, as a function of the mole

fraction of organic cosolvent, X2. in the binary solvent
‘mixture. The free energy of ‘solus:ion per molecul_e; is

calculated with equation n. 26) .

BT fj;it“)"'wg,;;' TG r o

oy weilie g3 Bereb a3 0iRi0wEg w7 03 Fo

AGsoln—-—kBTlnx3 . (1.26)
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Thermodynamically the ,scandard free energy of solution is
related to the solute acr.ivity. a3, by equacion (1.27)..
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-+ where Y3 is the solute activity coefficient. i

¢ Equation (1.25) is used for fitting SmAGwm.

calculated from equations (1.24) and (1.26), to x; and x2 by

means of nonlinear regression analysis. This analysis yields
estimates for the model's chree adjustable parameters;ﬁﬁi
lwcnamely; the solvation exchange constants Kj and K2, and the

~ product, gA; ‘of the éutvanure-cbrrecriod factor and the
FEN i SR e

Vel

. T . . v;‘»a’; e w;‘ By
3 cavity's surface area. Y %4
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%- Three papers have appeared descrxblng the applzcatlon
of the phenomenological modei ‘to solubility data (1- 31

Owing to the precision of the data, and the ability to_“'j:‘ F e

extend such studies to the Eull:}ange of mixed cosolvent

composition., the solubility work has contributed greatly to 1

- “our understanding of the model, ‘and in this sense was more

“important than any other studies. I have chosen to present =~

the findings of these papers in chronological order. so the
reader can witness the growth of our laboratory's "

| understanding of the modelf and the motivation for each
study. Prior to delving into these topics, however, I would

1Like report thac equation (1.25) has been applied to 62 .

':ff_ systems comprised of combina;ions of 40 solutes in 12
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differenc organic cbsolven_t: #yst:ems-(-1.-—,3.1.3.!q These solutes
included both nonpolar [4-bromobiphenyl. biphenyl(2), and

 naphthalene(1,3)] and polar [sucrose(3)] examples. Despite

| the chemical differences among these solutes. the curve |
Eits to all che solubility data were excellent; two

characteristic plocs of chese fics are shown in Figure 1.1
¢ aﬁ? A& R ; o F
A'sxmplexed, one-step model can be derived from a one-
step solvation scheme (See Scheme 1.5); this model given by
equation (},29); has only two adjuscable paramecers, namely
BA and Ky, #v.o o2 . D 2L.0 &j%,“?-;‘.‘é?
(gA‘r kBTan[)lev e e

: criizdulez .1 @Y(1.29)
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;vFigure 1.1 Solubility curves for naphchalene in water-
' mechanol (open circles) and water-DMSO (closed circles).
- The points are experimental, and cthe line is che fit of the

. data to equation (1.25). Data are from reference 3).:k .

 The curve-fits with this one-step model are excellent
for many syst:ems:.’ however, Sor gdme 'systenfs they are poor. ;'
owing to the ability of equation (1.25), the two-scep model. -
~ to fit all the dacta, it has been used in favor of the one-
| ;l' step model. equacion (1. 29).,-\ .
. The first study of equation (1.25) was conducted by
Khossravi and Connors (1) on 44 systems comprised of a

- combination of 31 soluces in 8 different organic cosolvents.




_~» Several observations, relacing to the parameter estimates,

o P
- Sl ]

% were made. " These workers noticed that the parameter “*
Lm estimates for the solvation exchange constants K; and K; : ..
o '1=€wer‘e usually between 1 and 10. The physical significance of 7 o
 #@ziithese values was justified as follows; the constants % . u .
| | *‘” describe solvation of uncharged. organic compounds by ! j

‘organic cosolvents in the binary solvent mixtures, ‘therefore

o)
5

i values larger than 1 were expected; however, all the organic
' cosolvents were water miscible, and in this sense water-
- like, so the constants were not expected to be very large.
| M*’ ‘It was alsd’ noced that the values depended on the idént:ity
| ."‘_Wof-'the solute and cosolvent used in the study, but precise
- @i correlations could not be established. #8314~ ﬂ'”L&”
. -&siv The gA term, which represented the product of -Ehe_ :
| Curvéture‘ correction factor and the surface area of the
_ solvent cavity, was shown to vary for a s’ingie solute in |
16l different cosolvent systems.x"-Separatianraf the gA term into ]
- #2" the g and A term was done by dividing gA by the solvent
| ‘accessible surface area of the solute molecule. irixﬁ -f-_'f{ s |
reference (1} it was suggested thac the gA term varied in a
- - way that depended on solvent pOlarity': however, whether the
- " source of the variation was from the g term, the A term, or o
both terms could not be deduced.:® '=67ulvt 81 3¢ Joig

Cema o #r:This paper also introduced a simple,' inexpensive, non-

%’ computational method for ¢alculating the solvent accessible




) ";_&mlecnlar.surface area of a solute (1).: A Corey-Pauling-
Kolton. (CPK) space-filling model was. tightly wrapped with = _
" « aluminum foil so that it resembled a smooth shell..: The foil
% was removed and weighed; this weight was converted to an 7 |
- area via a gtandard curve relating surface area of aluminum
: foil to its weight. This method gave values which were in
| ,«“,g . agreemém: with values calculated by other methods.. . For /':_' .

w4 €xample; the surface area of naphthalene was determined to -

. .be 150 A%/molecule (1), which compared favorably with . =
., Pearlman‘'s calculated resulc of 156.72 A2/molecule (12).
yrsnmb: M the second solubility paper, Khossravi and Connors
7 .'%;_;,(.2,’ ‘postulated that the area term,. A, in the gA parameter
7 estimate represented the hydrophobic portion of the soluce .
 ' __ molecule. To examine this hypothesis, ‘they interpreted | |
solubilicy data for biphenyl, 4-hydroxybiphenyl, 4,4°=
. ﬁhydroxybiphenyl o 'andx 4-bromobiphenyl in water-methanol

o w3n; cosolvent systems. -The solutes were selected to be similar -

- in shape and to allow easy estimation of che nonpolar area
- of the solul:e,, denoted by Anonpolar',“. Because cthe solutes

,were of similar mlecular shape, g was treated as q m
constant, and if A corresgonded to Am then .

e
2

C m o
L e EAS SAnonpola' and g= BA/ Aggapolar -, With this reasoning, a

- plot of the solutes’ escimated gA values against their
ﬁnonpolar surface areas was expected to be linear and to pass :

g1 through the origin.:- These results were observed, for the
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‘equation of the line from this analysis was ’ |
gA = 8(4. 3)+0 037(20.025)A gogpotar - where g=0.037, and the A term

could mdeed be associated with the nonpolar surface area of
the solute molecule. The total area, the nonpolar area and
the gA estimates of the solutes are g:.ven in Table 1.1., and

‘the. gAvs.Amnpom plot is shown in F:.gure 1 2 o _
: . £ .
. . 4 i B s \’% T o f
Table 1. 1 Surface area and gA estimates of the b:.phenyl
c:om];x:umclsa (2). . |

§

o

ompound Atotal Anonpolar | BA S
Biphenyl 179 (3 1179 3) f74.3 0.6) | .,
4-Hydroxybiphenyl 185 (4) 155 ¢7) [66.8 (0.3) }
4.4-Dihydroxybipheayl [203 (5) |126 (7) |s3.1 (0.5) AT
4-Bromobiphenyl 217 (7) 1217 «7) |86.9 1.4y | 7
+-3Units are in A?/molecule. The actual estimates are in units
i 1 of 1017 m2/molecule. Multiplication of these values by 103

. 4gives cthe areas in the Table 1.1. LT ki '

. bstandard deviations are in parentheses. =
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E Pzgure 1 2 Plot oE the model parameter gA vs. Anonpolar. the

estimated nonpolar surface area of the solute. Units of

both axes are Azlmolecule. The data are given in Table 1.1
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This study showed that the A cerm cor'respondedl to the

nonpolar surface afea of the solute molecule and hence was

" physically significanc. The physical significance of the

curvature correction factor to the surface tension is more
difficult to assess; the value from these studies indicates
that the surface tension of the curved solvation shell is

smaller than its bulk (planar) value by a factor of 0.37.




& Numerous theoretical arguments concerning this phenomenon
 have been made; however, they not only lack agreement on
5 the magnitude of che change but also on its direction.”'%

. Tolman (13), Vogelsberger and coworkers (14), Ahn and e

coworkers (15), and Goncalves and coworkers (16} have

postulated the surface tension increases with the decrease
T E by

: in cavicy size.. Other workers.~inc1udin§ Hooper and
' Nordholm (17} and Choi et: al;_(ls)‘propose that the ¢

opposite effect occurs. ~Schmelzer and Mahnke (19) predict |

~that the surface tension may change in either direction,’

depending on certain parameter values that are used in their_,

(Y
£

; equation. “Sinanoglu (20) states that the surface tension of

P

o polar liquids increases as the cavity is decreased, bugi?f?5

T e o

decreases for nonpolar’liquids.  “% DI 1&13@f4“ a%ﬂ .

@

»iyre Experimentally, Fischer and Israelachvili (21-23)° 108

' measured adhesion forces and vapor pressures between curVed ":
mica surfaces in vapors of various liquids; thejir ''®1%7#E
‘measurements indicated that the surface tension of these

i liquids decreased when the radius of curvature became lower
than 1 to 0.5 mm for hydrocarbons and 5 nm for water. The
direction of these changes is in agreement with the results
of Khossravi and Connors' study (2). ey anin s

SR ECAR G i |

- L ;%‘2' o iy
el e Yalkowski and coworkers obtained an estimate of 0.33 to
0.57 for this curvature correction factor from analysis of
'solubility dara with their Molecular Group Surface Area

- BN R . T K




Approach, (MGSA) solubility theory (24,25).  Considering the o

significant differences between the MGSA theory and the:
e ‘phenomenological model, the agreement becween the curvature . - |
" correction factcr values is remarkable. ey .i:7! P
i 3 QpCLearlyj, the estimation of Atotal and Aqonpolar was of ;. o |
i i_,g;ri,s:icalg importance in this study, and therefore a.. prwen
- discussion on this subject is warranted. The nonpolar W; - ’
surface area for a solute wag determined with the foil e
o . Qrapping technique described above; however, a subjective o
' judgment was used to discinguish between the polar and non- .‘
" _polar surface area of :_hé hydroxy- and dihydroxybiphenyls, "
& 3o 5O that only the nonpolar area would be wrapped. The area of '
~ polar influence of these groups was believed to extend into
the nonpolar portions of these molecules, and therefore the
 nonpolar surface area of the hydroxy-substituted biphenyls
. was less than the surface area of biphenyl.: Figure l.3°%

. - demonsctraces this idea for 4-hydroxybiphenylé<5@:ﬁm=sz_ fﬁgfﬁz@
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Pigure 1.3 The range of polar influence of the hydroxy group
.. - is shown within the solid semicirclel- The remaining area is .

- considered hydrophobic. . .. .5 .on supssenn gids oy T8
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%13 vi’s:- In addition to the informacion connected with the gA
; term, this study furnished important information regarding

' the solvation exchange constancs (2):' The constants from |

.' this .(2) and the first (1) study are presented in- Tablé*-l.zi

« These observations were made by Connors; the exchange ™ g
. constant values were between 1 and 10 as was observed Erom

: the first scu ..The arithmecic mean and standard ~/EY° :

devzatmn of che parameter values were K1 =253+0.24 and Kzz

" 4z LT7£036. The small variacion in these averages suggested

" that ;lﬁg solvation exchange constancs were' insensitive to
o solute structure: Khossravi and Connors speculated that ‘this
. wag due to che small differences in solute polarity 'relacivé
to the polarity differences between the solutes and the - ﬁ
| ‘cosolvent system. ViU girfufﬁ'-:f il g f) i L S TIE TI
e bt * Ceimipepsmed T e Seng o gvesd '.qurw& ity

. Table 1 2 'rhe 501vac1.on Exchange Constant Estimates for,

. _geven Solutes in a Wacer-Mechanol Cososvent System, .
ot .

-|BiphenylP 2.45 (0.072 11.28 (0.07)
4-Bydroxybiphenyl® 1333 (0.0e0 ]1.61 (0.05) i,_
4,4 -Dihydroxybiphenyl® [2.52 {0.08) 2.2 (0.11)
4-Bromobiphenyl? 2.6 (0.13) 1.4 (0.16)
NaphthaleneC.d 2.28 (0.04)  }2.0 (0.17)
AcetanilideC 2.5 (0.13) 12,2 (0.19) -
Diphenylhydantoin® 3.00 (0.07) 1.71 (0.08)

dNumbers in parentheses are st:andard-:i:viations.
bpata from reference (2) -

Cpata from reference (1) : ' ‘

donly studied solubility to organic mole fracrion
concentration x2 = 0.46. The study was mot complete.

e
FREey




" Ay s The objective of the most recent solubility study from

L g

24

. this laboratory was to augment our understanding of the gA EA

and solvation exchange ccnstant parameters and to ‘achieve

- .+ the ability to predict these quancities. In these "} &'nd

. investigations, LePree, Mulski, and Connors (3) studied che .

_solubility of naphthalene in six aquecus-organic cosolvent L

systems and 4-nitroaniline in seven aqueous-organic'' %3

. cosolvent systems. Naphthalene was selected to represent a |

nonpolar soluce, and 4-nitrcaniline to represent a semipolar .

solute. All studies were gonducted over the entire » surt?

. composition range (x3= 0 to 1),.and che data were analyzed- ‘

with equation (1.25).; .The parameter estimates are given in

s

Table 1610&3:23‘“‘@"# st EWEED pELnE el T L WL RRRLAS ﬁﬁf F Naad

- As seen from the data in Table 1.3, the exchange ”: -
constants were typically between 1 and 10, though a few ,-,«:* B

deviations f_rom_- this range are seen for the 4-nitroaniline

B data, .The magnitude of Chese values was justif’—ied as in the |

Eirst paper (1}, namely that these solutes were less polar

 than water and therefore organic cosolvents are expected to

‘displace water from the solvation shell, thus values greater

'~ exchange constants were not expected to

- than unity were expected: yet the cosolvents were infinitely |

'miscible with water, and in this sense water-like, so the

be very. large. #d '_
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'rable 1 3 Model parameters t’or the solub:.ln:y of naphthalene
% and 4-nicroaniline in aqueous-organic cosolvents.(3)

P

Cosolvent 5
i e dwW - E

ey

g . . q"‘yai g
R

/A2 molecule-1

Naphthalen‘ 2y « L ST T e 4 3 g *-‘: &7

" 5 |Methanol 2.52 (0.07)] 1.19 (0.09) ] 63 (0.8)a

) Ethanol 3.6 (0.4 | 3.5 (0.6 | 54 (1.5
2-Propanol . |7.0 (1.3} | 6.0 ¢1.5) | 43 _(2.3)
Propylene . 4.0 (0.1) | 2.2 (0.2) | 71 (1.3) )}
glycol SR :

Ethylene v.: & |3.04 (0.03)| 1.21 (0.04) 102 - (1.0)
|glycolb '

-~ |Acecone 16.5 (0.5) | 2.9 (0.4) | 69 . (1.6)
4> JDMso. 4.8 (0.2) | 1.3 (1.3) J127  (2.2)
. # BELD BUE L THE ..,:’;?‘&M*z?zseg:;’ = 4-Hit:roanilineu - _""““’““"
Methanol | 2.7 _(0.4) | 1.5 (0.5) | 35 (3.0)

bL

Yethanol  f4.2 0.3 { s.1 0.6 | 21.2 (0.9)
|2-pPropanol 5.9 (0.5) {10.4 (1.1) | 11.0 (0.5)

P ————

Ethylene glycol [3.9 (0_2) 0.65 (0.21)}| 84 - (7.2)

. jAcetone 9.5 (1.8) 3.5 (1.3} 37 (4.0}
; , e e e S
. lomso 3.9 (0.5) 1 3.8 (0.8 | 86 (3.5)

‘Acetonitri)ig 8.1 (0.9) 5.6 (1.0} 29 (1.8}
- aNumbers in parentheses are standard deviations.
. Dbpata are from ref. (1.
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The exchange constants were observed to depend on the e
polar:.t:y of the organic cosolvents. 7o study this ,' i

dependence t:he values loq KiK2 were plocr.ed against loq P

--of the pure organic’ cosolvents. (P is the l-octanol-wacer i
partition coeff:.cienc. ics value increases with the ;
nonpolancy of the- orgam.* cbsolveric. All 16§ P values were' |
taken from reference (26). ) A plot: of t:he data from Table 7
1 3 (3) and some of r.he de-a Erom Table 1.2 {2) is shown in
E’:.gure 1.4.. Tbm classes of cosolvents appear to ex:.st: 3 B
{excepc ‘for t:he dxvergenr. propylene glycol po:.m:) : chose
w:.ch log P less than -1 and :hose with log P greater than
=1 Because log KiK2 increases with log P for cosolvem:s |
w:.r.h log P greater than -1; hese cosolvents are posculated S
to solvate through nonpolar m:eraccions. The solven(:s with
log P less r.han -1 show che opposite behavmr. ‘and chus are

. _believed to solvace :hrough & polar interaction: (A ploc of

. log K[ agunsc log P vaiues shows two- classes also. but: the

data are more scat:tered )

e i A

S g

nmu—e

'rhe presence of che m solvem: classes is consistent
m.r.h earlier analyses of surface censmn data,’ which showed
‘twe- classes of cosolvencs. éne class mch log P values

" greater than -1 whose surface accnn.cy mcreased wu:h _ _ﬁ

hydrophobxcxcy {(where log P is used as a measure of _ e
hydrophobicity), and a seccad class, with log P values less S
_than -1, that exhibited hz.gher surface acc.w:.cy as .
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Figure 1.4 Plot of log K{K2 against log ? of the organic
cosolvents showing two solvent classes. The lines have no

theoretical significance. “pata are from reference (3). ke
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* their hydrophilicity increased. . Connors (4) speculated that

 this phenomenon may also be observed wich solubilicy o

processes, and this prediction is tested in Figure 1.4.

i\n additional objective of this work (3) was to examine

' the solvent dependence of the g term. This information

. " complemented the findings of Khossravi (2).5 who demonstrated

} ‘that A corresponded to the nonpolar surface area of the

. solute, and that g was conscant for one cosolvent system.

" The gA estimates from LePree and coworkers®’ investigation

.. are presented in 'rable 1.3. They were correlated with che | -

i log p values of the 6rganic solvencs used in the studies.

' for maphthalene: T . b 0
Lo R gA=-3’t(:l:65\logP+455(t78) Ce=091 |
L i V : - - FRRTER N T S
~_and for 4-n1t:roam.lme. B SRR 'i L L

e
b

| 3 . gA=-347(:I:35)logP+!55(ﬂ9) £=0.97

o 'i'he slopes are not significantly ‘different, but the

.. intercepts are. The slopes are believed to reflect the ~ /

. sensitivity of gA ctoward soivent polarity, and the’

" inctercepts are postulated to indicative gA sensitivity

- . toward solute polaricy. These results led to analfsis of

- the cata by equacion (1. 30’ ;3& ol ho 3958 k. cewERIY

~

T

R mm U ot ey e Co weee DU S AR OWOEE BTSSR

1A= MlogPM+Rlong 130 i

LR xwrm@@* iy B % ﬁym ,u;s
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where Py and PR are the l-octanol-water par:i.l::.on sL0aT L
&Q*’ﬁ )

|  coefficients of the organic cosolvent and r.he solur.e S I

respectively" “ Prom the empirical correlations given 'above, -
M was sec equal to -33.4. R was then estimated from the
expenmental gA values and equat:zon {1.30); for naphthalene -
| R =.13. 8 3. 9) and for 4-n1troan11me R = 12 9 (£4.4).

v

P .
a: - Since che precedmg inves:s.gauon. equation (1.30)° has :

o ot

been used to analyze daca for 13 systems comprised of 18
tolul:es and 11 organic cosolvenr.s (1-1. 'rhe values for n , :
| and M were obtained by umltz.ple lmear regress:.on and are
’1 = 11 ( 1.6), ,and M :-42 (£ 3.9, w:.r.h the correlation.
- coefficlem: r3 £ 3 0 937 Subsr.;:ur.mg the R and Mvalues '

int:o equatz.on (1 30} g:.ves equat:xon (1 31‘-1

‘The values for r.he expermencal. gA parameter estimates and
the gA values calculated from equation {(1.31} ‘are in Table |

: ,1 £, and a plo: of the exper:.men:al esr.maces agamst che ,

'.u';’jﬂ!i‘};&j @dz}’ﬁz"”ﬁ é‘ i‘l;A«Jmﬁ);‘J




equation (1.31)

ap 3.2 -0.74 3
Napnthalene 3.2 |Ethanol -0.32 | 54 48 _ |13
Naphthalene 3.2 | 2-Propanol 0 43 35 |3
Naphthalene 3.2 | 1.2-Propanediol| -1.35 | 71 92 |3
Naphthalene 3.2 | L2-Ethanediol |-1.93 |102 J116 |1
Naphthalene 3.2 | Acetane -0.24 | 69 45 I3
Naphthalene 3.2 |DMSQOP -2.03 127 120 |3
4-Nitroaniline 1.39 |Methanol -0.74 35 46 3
4 Nitroamiline 1.39 |Ethanol -0.32 | 21 29 |3

itroaniline 1.39 |2-Propanol 0 111 15 |3
"Nitroaniline 1.39 | L.2-Ethanediol |-1.93 | 84 96__ |3
d-Nitroaniline 1.39 | Acetone -0.24 | 37 25 13
4-Nitroaniline 1.39 D -2.03 86 101 3
4-Nitroaniline 1.39 |]Acetomtrle -0.34 | 29 30 13
[Sucrose ~3.67 |Ethanol -0.32 |-40 [-27 13
Biphenyl 4.09 ]Methanol -0.74 | 74 76 |2
4.HBPC 3.42 |Methanol -0.74 67 69 |2
4.4-DHBPA 3.04 | Methanol -0.74 | 53 65 |2
4-BBP® 4.96 |Methanol -0.74 | 87 86 |2
Acetanilide 1.2 | Methanol -0.74 | 28 4 11
. [Acetanilide 1.2 1 -0.32 | 19 27 |1
ﬁgfﬁﬁhﬁm -0.1 |pMH -0.73 | 81 30 |1
nylsalicylate 3.02 | Ethanol -0.32 | 55 47 |1
Methylsalicylaie 1.82 | Ethanol -0.32 | 60 33_11
hﬁemmeﬁn 1.58 | Ethanol -0.32 ] 19 31 1
Barbital 0.65 {Ethanol -0.32 1 10 21 |1
enobarbital 1.42 Ethanol -0.32 28 29 1
iphenylhydantoin | 2.06 | Methanol -0.74 | 52 54 |1
Diphenylhydantoin | 2.06 ol -0.32 | 37 36 J1
pheaylhydantoin | 2.06 |Glycerol -2.56 1172 - |130 11
MAPS 1.63 |Ethanol -0.32 | 18 31 J1
eine -0.07 |14-Dioxane ]-0.42 3 17 11
cobromine -0.78 | L.4Dioxane |-0.42 | 10 g |1

' avalues from reference {25)
bDimethylsulfoxide
€4 -Hydroxybiphenyl

d4,4' -Dihydroxybiphenyl

€4 -Bromobiphenyl

fpimethylformamide i
guet:hyl p-aminobenzoate e

| ‘ ‘ 30
Table 1. 4 Experimental and calculated SA values Eron oy L
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Figure 1.3 A plot of the gA values calculated from equation
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(1.25). The slope of the line is 1.00.




. The correlations in Figures 1.4 and 1.5 provide a means

: to pred:.ct: solumh...y of solur.es in aqueous-orgam.c -

s -cso'venc sysr.ems Values for the exchange constants can be

" estimated from log P of the organic cosolvents with E’:.gure
’ 1.4. and che analogous iog Ki vs. log P plot thac is not
. shown. -a value for gA can de estimated from the log Py and o
log PR vaiues and equauon (1 i1). These values substu:ut:ed
into the phenomenologzcal modei, equation (1.25) . along with
the chosen x; and xs values will Give an estimate of

BmAGsom. this value gives ‘,he ral:z.o of the solute's & S

: solubility in the nmary aq:ueous-orgamc cosolvem: syst:em to
-its solubility in water. The solubility in the binary
aqueous-organic cosolven:t system can then be determined from
j'Q knm;vledge of the solute's water solub:.lf. v *g ;W

'_ ‘;:gz : ﬁ - ﬁfﬁ“ p :”
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 br: 1.3 The Application of the Phemomenological Model to

- Surface Tension i niyiw Ow =$§‘~_ af ooy »,‘E gl s

R S P i e rede i n WS R fad T A et - g B
: yﬁ‘ FEVIG . AeteHR NRSeral BLoTERG UBIR-ge B0

1.3 Theory  eaoimiw el s LlpoeiR o 4B0

wom  The surface tension of cthe solvacion shell was,qiveﬁ by

equation (1.18) ¢ .

¥

s saeh osdn Ul zony g

o G e ot s St e i RN 2 T
olaned Enptaun wd gn $ETEY aniis

- oo 1 y i N
Yy | —SEE2* 2KKo(x9) 1 ey et
, (x1)” +Kjxix2 + K{Ka(x2)~

1_

. . H
'E . . 3
i - . - .
¥

. where all terns have been previcusly uefzned Because it
was derived from a tdo-step solvacion scneme (Scheme 1.1,
ic will be called che two-step mocdel. If a one-step
solvacion scheme is used. equacion (1 ;183 reduces to

equation (1 32y, St H_r,.gg ‘_ gu.j

| memepen

-
"
=
+
=
—
"
]
Nttt
g

%
BeE

where _— -Y,‘.A S

: iﬁé‘

1.3.2 Resulcs

91, Both equations were applied to surface tension data of
thirceen aqueous-organic cosolvent systems (4). '!'lze““""ﬁﬁ“f‘2

" cosolvents were methanol.rz-prcpanol.' -propanol c-butanol.

' acecxc acxd. acectone, aceconitrile, dioxane, ai?éi.'ﬁﬂﬁ

4
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tetrahydrofuran, glycerol, dimechyisulfoxide, formamide, and

e

odata.yg: oo o

34

echylene glycol. As cbserved with the two-step solubilicy

model (1), the two-step surZface tension medel. given by

equacion (1.18), Zit all the data, whereas the one-step
surface tension model, 'given by equation (1.32), fit most, - _ :

but not all the data. ~figure 1.6 shows a characteristic -

| plot of the fit of equation (1.18) to the surface tension
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“-Pigure 1.6 Plot of the surface tension against che mole

fraction of organic cosolvent for water-glycerol mixtures

__ ' showing the experimental data points and the fitted curve
-**"(equation 1.18) (4).

CRef. (27). suemoah celitoine wue I A

References to cthe data are cited in




Two pertinent conclusions can be drawn from chis study

The first is that equation (1.18) can describe the surface

' cension of aqueous-organic cosolvent systems, which somewhat

%

substantiactes its use to describe the surface tension of a

solvation shell that surrounds a solute. (If the air-water

- interface is assumed Co represent a solvation shell where

air acts as a solute.) The second is thac the cosoivents

fall into two classes, as was discussed in the earlier

section. Plots of che in K (4) againsc log P and ln KK

- (28) against log ? demonscrace _;hiér behavior and are shown in

Figures 1.7 and 1.8. Connors hypothesized that such =
behavior wouid be observed for the solvar:ion éf solutes. - o
This hypothesis was realized when the model was applied to
solubility data from naphthalene and 4-nitroaniline in
various aqueous-organic cosolvent systems (3); as can be:

inferred from the similarity in che data patterns of Figures

1.4 and 1.8.

35
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against log P of the cosolvents {4). The lines have no

covar® S




Bt

ey iabow g%ﬁ L

W gn ‘a?%

-

sris 1074 witiaty w2

L

U bnuorp el

Dhﬁk)

g .3 oy s .«.- 5 .z 3 , pm o : “ T 4 "f“*}/"(‘é I.«{“rg. ":ﬁi’hﬁfﬁ';ﬁ
< More Polar

Figure 1.8 ?Plot of ln K{K2 £rom the surface tension
analysis against log P of the cosclvents (28).  The lines
have no theoretical s:.gn;::.cance. _

R ; o -
R év’ P ot e e e B ».s ﬁsm. o tm;'; 3 ar i ;'5 = o ) - e

s A
%é, e TG j‘j,e;xﬁi*\ A

t%w@n

Cbsilsn Br oomesansny 2o cseouloe o

, -y

o ik “:r‘:m;i




g 1.4 Application of tke Phenomenological Model to

Solvatochromic Sbifts in visible Absorptioz .
) % -

Spectra e i,“;gm}j S

- The pnenomenolog:.ca‘ model has been used to descnbe

. the solvent efféczs on the ultra-violet (UV) -visible -

- . absorption spectra (8]. " specifically. it was applied to the

g :_:] molar t:rans:.:::.cn anergy of the Dimroth-Reichardt pyrxdmz.um

N-phenoxide became in ;7 aqueous-orgaxu.c cosolvent syscems
e ,.4 1 Solvacschrcmic Behavior - } g ? 3 o

' In vzsmle or v aosor;::mn speccrascopy, the ground :
scate electrcns c_f._ a c:_ompound'are promoted to an excited
stace by an electronic cransition, and che energy difference

between rhese states is given by equacmn (1 33)
SRR RS T U R

 AE=tus hcn. o wa

TN e -‘ai 5 4‘ ﬁ e e i N w7 i gm W

| - where ‘.h ;is ?lanck's constant.. v is che frequency- of Lxgm: o

 chact is absorbed. ¢ is che speed of lighc, and A is che -

wavelength of light that is absorbed. Changes in solvent -
" composition can change the frequency cf cthe absorbed

~radiation of some solutes; this phenomenon is called

' solvat:ochrcmsu.

tt follows from equat:.on {1.33) chac z.f the spectrum is

shifted to longer waveiengths (a red shifc or bachochromic
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" shift) by a change in the solvent composition, then the o

energy difference between the ground and electronic states

"  was decreased by the solvent change; if the shift is toward

{  shorter wavelengths (blue shift or hypsochromic shift) then '

the solvent increased the energy difference between the
ground and the excited staces. The£solvent affects thef' |

energy differences through either’ stabxlxzatxon or

s destabilization of che excxted state or ground state. The

stabilization of these species can occur through dipole-
'dipole interactions, dipole-induced dipole interactions, =

and/or induced dipole-induced dipole interactions. The

':- magnitude of these interactions depend upon the polarity of

the solvent, which in turn controls tht solva:OChromiC*~i

o 'Shlfcs,)“&“ :ﬁsﬁ..ﬂ*‘g‘wrﬁ% ”’?ﬁ p Az ) ,Lf-x i :}\‘ i:&,{'i’”"fj X‘T&G‘“’”' T

4 o fukdw Because solvatochromic: shxfts depend on the solvent

polarzcy. the shifts of some compounds have been used as-

empirical measures of solvent polarity: one of them is

' pimroth-Reichardt's betaine (2, G-dxphenyl ~-4-(2, 4 6-"

ctriphenylpyridinoiphenolace) (29) (1) which absorbs lxghc in

-: the visible range and displays extremely large hypsochromxc

* shifts as solvent polarity is increased. The _ ... A
phenomenclogical model has been used to quan;znatzvelygﬁﬁ

~ describe the solvent effects on the molar transition

;
. g g
g

: energles for Dlmroth—nzexchardt s becaxng.

Jadl G

Q(A
.§!w-ﬁ Lﬁh

wOE BIOUCTDE &axﬁ& ¢3ﬁx*f miz M is*m?yJ 2ot ;wﬁé anals
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1 4.2 Theory:+! “ A i Mﬂm gmm ;z” sk f”@f Ganvicg s
' The molar transition energy of Dmro:h-ael.chardt s e o
o betaine, ET(30), was calculated from equation (1.34}, which o
_ is obtained from equationt1.33). “Rine eo e
TEE mers 3oosoy VHf““f-‘ Eﬁﬁﬂiﬁﬁ_iﬁ.3%ﬁ$§53@,ifﬁi§iﬁ&“ =

o 1 2859LS
g E’r(30)lkcal mol™! =
A " gt ‘ i s{.i‘-ﬁ i« ’iﬁ s;, xﬂt t«u PSS L jﬂ au,' Q;‘}"Riﬂ»}_ xi_-“{\»')}- ? i Tu'& —4_ oo ‘.{ “: Ed )

enke nd 2 Rlas L34 i

g model E-r(30) as a funcrion of %2, only solven:-solucé

4 B
bt A e -

" 'inreractions (che Solvation EfE ect componenr. of the

phenomenological model) were considered. II: was assumed
e _ that soluce-soluce mteracuons {che Int:ersoluce Bffec:l
" were negligible because che concencratmn of the dye was

always low. The General Medium Effect which accouncs for '
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" rhe solvent-solvent interactions was set toO zero because it

-~ was accepted that the solvent cavity would not change size v

or shape during an electronic transicion. (Here, Connors and

Skwierczynski (3) nade use of the Franck-Condon Principle

which states that acomic nuclei do not undergo significant

motion on the time scale of an electronic transition.)

-~ i For the one-step solvacion scheme presented in Scheme
1.5 (page 15), che fractions of fully hydraced species and

 fully solvated species are given by equations. (1.35) and

- (1.36) respectively; all terms have been'previously‘def;hed.

E F ——l— . ¢ AEEs i - - e e ]
S RW = X +Kixa g T (MY ﬁ; v%’ R Lt “‘ 13 5) 3 :‘“7(“:”"‘??"3‘%*“‘

Kixa L ' o ' T

i ¢ FrM= ﬁ"é*ea‘“?z‘i#ﬂ) 2 asns berdli36). I EIRAE
U:ﬁﬁ v o I+le1 i ] wr . ) , ‘ 2 - A
5‘““”;‘ 23 ’"i ' B m“”ﬁ:& i;,ﬂa* L ET v s OvET Briel *mr*ﬂiaa

The molar zransition energy at any organic mole

fraction concentraticn was expressed as the welgh:ed average
of cthe Ep for the fully hYdrated and fully solvaced &=

species. This is given by equacion (1.37).,

| Et(xq)= FRwET(RW) + FmET(RM) » ,
gaaw. (X 06 :  T IALTRL

FRISEINE SR e el BTER

-

S . b mpe g TR beea 1BE LI
LGLeRE YRS ETTYEERS pogiian £0Gl BUIBY fwfii}:wﬁﬁ TBe . I3



= Eﬂxi):FszsﬂawgnFRWET‘RWMHFRMzEﬂmz)"t"i..:is) e

_Y 'given by equation g';.4-0) ,.,L_.,; |

B Cab s Y -

- (1.35) and (1.40) to the daca using non-linear regressmn.

.y SYSTEM. L uIshl. .m;i*?@”“"‘“a DERD L Didae A8

o mmsmni ET(RM) ET®W) 5 +Kixg

= ‘,".,,}i”*.,s glvan b‘y equal:-cn ‘1 39,:

Gpbm i
e e R «': e

e :
o S

A\where ET(RW) is the value of ET in the fully aqueous mis

-
b uche,

. system and ET(RM) is the value for Et in che fully orgamc S "

Sash %*;mi«f e '

- A Nnew quancily, [‘ is defined by combining ‘aquations

§umr 8

ET(x-r ) ET( RW\ Kixa

5 At »@;‘;ﬁgﬁ“(l .38)
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gl \i"‘t}“}ﬁ" S E ;**“;5“*: TONE e ind E’i-"éﬁ%? Lod

oAt S .&*ﬁ: Y‘ww&’g‘{!hiwwm w3 kg

where ic 13 assumed that ET(RWM) =(ET(RW2)+ET(RM1))I 2.

_all ocher terms have been previcusly defined. T is :hen

- . S e e
s e R . A L SRR
% FCRANA et e g B ;g R

T e EECE RN X

__Etx)- ET(RWW) i me "+K1K”‘a s

ET(RMM) ET(RWW) tl +l([qx1 +K1K1x4

ATE LY mplinaes siﬁ TSI SAE S Al B L

' was measured as a ".xr'c ion of x2 and values Eor nhe

- parameters K| and K2 were axnract:ed by Eu:c:ng equal:zons
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u 37} and -{1.36) to give equacion (1.38): A7 gasase Auitw

cmde =e Ap alene Bl oels D molsom .

i For a two-step solvation scheme (see Scheme 1 1) E‘r(xz)

- fi:;- w0 (1,401 75 38



1.4.3 Results ™~ s gees L8

Equations (1 38) and (1.40) were appl;ed to ET(30) data

for 17 aqueous-organic cosolvent sys:ems;'che cosolvents -

. were methanol, ethanol, 1-propanol.'24propanol. ethylene

X glycol propylene glycol. 1. 3-propaned101
dimethylsulfoxide, acetone, acetonicrile, dloxane.'
~ tetrahydrofuran, N,N-dimethylformamide, piperidine, 2,6-

'lutidine. z-picollne. and pyrxd;ne.r' %3

R

In the previously described solubllxcy and surface ﬁ&_”

tension studies it was seen thac che organlc cosolventcs

e Could be separated anOncwo classes. ' Skwierczynski and
41 - Connors (8) observed that equation (1.38). which was derlved -
| fromrthe one-step solvacion scheme, could quantitatively
-”';_ des;ribe solvent effect curves of hydroxylic solvents and
dimethylsulfoxide, thus chese solvents were classified as
. one-step solvents. An example of the fit to the mechanol-
 _wacer system is presented in Figure 1.9. Bquatxon (1 40:._" 
whxch was derived from a two-scep solvaczon scheme was

needed to fxn all the other solvent systems: these systems

 gave sigmoidal solvent effect curves and were classified as
two-step solvents. FPigure 1.10 shows an example for cthe

. =t

acetone-water syscem.?

=
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_ Figure 1.9 Plot cf [ against x2, showing the experimental
data points (methancl-water systcem) and the curve-£fit to the
o data accordxng te equacxon (1 38). Th;s 15 a one—step
i, SOlvent. oo ‘ ‘ i . ' :

BETICINS  EES 8

: Figure 1.10 Ploc cf [ against x3, showing the experimental
.. data points (acetone-water system) and cthe curve-fit to the
* data according to equar.mn (1.40). This is a two-step
. solvent. ) : BTSRRI L




o "% uore importantly, the solvation exchangé constants were’

' ?ﬁ.

,
A%

' observed to correlace with several paramecers ““the log Ki o

‘values from both the one-step and two-step mcdels were “
"_&’? ‘observed to correlacé positively wicth log P values of the
 cosolvents that were used in chese studies. The log Ki or =
"I.og KiK; values were also observed to correlate positively
wich @, the Taft-Kamiet solvatoéhfomid”(lﬂ) measure of -
 “"solvent hydrogen bond basicity, and to AH®, the enchalpy
| change for boron trifluoride-solvent Lewis acid base complex
formation in dichloromechane (31)." The correlacions of the

"solvation exchange constants wich log P of the cosolvent

L

| “suggests that the solvent hydrophobicity influences the
- 8% exchange constant values. The positive correlacions with P
5 and AH® suggest thac the abilicy of the solvent to donate
an electron-pair aiso iafluences the solvacion Wexcﬁange '
'~ constant parameter estimates. The correlation data are .
presented in Table 1.5. |
‘Table 1.5 Correlacion ofr exchange kcoz-zscam:s ‘wi:h empiricil
solvent characteristics

4Ky for one-step solvents; K{K2 for cwo-step solvents
bNo. of data points : :

Correlation Equation r nd

log K{ = 0.2651log P - 1.06 0.904 17

log Ki = -0.032ET + 2.44 -0.711 7 1
log (Kj or KiKz)2 = 1.47f - 0.37 0.732 11 J &
log (K or KiKa) = 0.016AH° - 1.06 0.872 7
log K2 = 2.30p - 1.82 0.826 5 ,
log K2 = 0.0131AH® - 1.83 0.734 6

: Ch -

ey el Lo 2
- e ;_'_-3-‘,'«;_ G wi b WE
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‘; soluclons.fcnese are bne = lly nyﬂraced. partzally solvaced,  ="

'fﬁ and fully solvaced species. If each species acts as a .,

7_&;% Acree and coworkers (32) have cricicized this work

. because . the two-scep solvation Scheme implies that chree

kinds of solvaced dye 3clecules exis;,;n the experimental

-, distinct chromophore, having its own. wavelength of maximum

%6

absorpcion,;chenxeacz species should be observable -as §% .£k

~ distince absorption tand, yet only one absorpcion band was

%

'-“; observed Eor each experimencal solution. This ;ndicaces_”'

" thac che chree types of sclvacted dye molecule may not be

present ;n_:he expe:izencal_solucions on the time scale of

' nlectron;c tr ansxt-ons.n Ac ee postulaces that the success

X,

of ;he mouel in desc*;a;ag -he ca;a probably arises from the

chemical reality. ' ST AR
al eal ,Y;Jﬁ g ﬁ&ﬁ”&&;;«#'@ﬁiﬁwi@ﬁﬂﬁ”ﬁﬁﬁmﬁiﬁ i

o Jm

’ '@-‘m ﬁ«;;z* TRk S ef;x‘«‘*"%"‘ﬁﬂ’ oy m‘f? %%:’m FE m‘?ﬁ&w} ;m m’h«e«

a I ﬂf‘j%\?i aad‘ ,:!’“

_ mathemacxcal form of .ne mauel racher chan ics depiction of




a7

1.5 Application of the Bhumnoloc!cal Nodel to .

Complexation opats.... Py BRsrseete LumiR mew sgomosers

1 5 1 Theory TR Y : ﬁ“j#,ﬁ,’ ,é&_, el gt ;«,,»\_.;w} ﬁ wie .

Flaem DL w4 B G o W, Ha

-The phenomenolcgzcu model has been applied to 1: | O

war e
S S

= st:m.chmmetnc complexacisn reactions, where a subs:rat:e and

~a_ligand combine to form a complex (5-7) -, This reaction isg
depicted in equation (1.41) where the substrate is denoted

hy $, the ligand by L. and the complex by C... ‘l‘he » 'ﬂ ﬂ%;m '

equilibrium for chis reacrion is described by the .

equilibrium constcant Ki), where the subscript indicates 1:1

st:o:.c.‘xmmecery SO T e

| X 5o
S+L T ¢ " (a1

" The t:heory that has been developed for solubility can be

used here, but the presence of three species increases the
- number of adjustable parameters in the equation, making it

impractical to use directly; therefore much of this section o

will discuss assumptions that can be used to simplify the

| model and to reduce the number of adjustable parameters. -
i | The thermodynamic cycles given in Figure 1.11 are :
belpful in analyzing this problem. As will be seen later, a
portion of Figure 1.11 will be used to describe the kinetics

- model. The cycles describe both complexation and solubility -

I




| I\I*M \ i
¥ \M,

_© ' processes in the solid. liquid, and gas phases. " This ‘%

creacmenc was first presented by Connors and Khossravi(6).

tn chis cycle, the leccters in parentheses denote either

. the solid (s}, che iiguid (1), or the gas (g} phase. The
" - 44¢ free energy of compliexation is denoted by w(cgmp,e,_ where j

i B indicaces the phase ‘ Tne lattice energy. the General Medium
. tpffect and the Solvacicn Effect, are denoted by AGygy ﬁ

o AGgen. med.” and AG 0 respectively. wf?'rhe superscripts are

used co lnda.cate L-he Sucscrac llg'and, and the Complex.
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Figure 1.11 The thermodynamic cycles Eor
terms are defined in the text.
- presented in reference (6).
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: species J is given,by fﬂ3  _ ;,,u-4T__ [ 7 wﬂ%‘,.jvf
AGsolnzAGl "'AGgen.med."'AGsolv U (1.42) . -
3 ; S : 12 . RN " & 3 : Tk

" The crystal lactice energy is described by che Intersolute
Bf fect which' accounts for all solute-solute mr.eracc:.ons and

" thus the cct:al energy of solution can be written as

. oy . '&;f, o 1. : ) : b j e :
& soln"'AG metsolute+AGgen.med.+AGsolv. R (1‘,;1’ B T
| 2% R SRR LI S v b Bey
o g -
whlch was given in section 1 2.1. %.;g o

- Applying the Leffler-Grunwald opera:or (9) (see

equation (1 24} ‘on page 12! to equat:mn (1. 21) gives .

.+ equation (1 43).
IR e 0 i
b SmAGsum-SmAG +8,,,AGSO|V st (1 43)

" where che solute—solur.e :.nceractzons are consxdered to be
solvent composition independent. | R
 Prom the cencral thermodynamic cycle given in Figure

: _1,11 the express:.on for the free energy of complexation is

#




Lo
53

’ s nymk o 48D wysn BRll
(I) (g) ¢ Rl b Q;A, i R
complex. Gcompiex. (AG med. "'AGsolv)

SRR

LEIET g e

-(AGSEII. med. ¥ AGSOIV ) (AGgen_ med. +AGSO!V ) (1.44)
- : s i gk . £k gl
e ,_f o ) , e

| Applymg the Leffler-Gnmwald delta operat:or (9) to this .

. equation gzves o e sgins g i s

SRR A AR o Fae ¥ ‘5
: (1}
_ 8fli‘“'"c:mnpielt. sm‘mgen.md. "'smAGsolv.
' am* T R e o B R smpsa sldetey bl kIR wengd "‘hjféw .

. ._m .(a,,,mmm,L +8mAGsw) (smaamm +5mAGm) (1.45) !

B

5 oo P g —‘5“*2‘5,
B

-

where the free energy for complexat:.on in the gaseous s:ate
is independent of solvent composition. ' - o ':f'g'zﬁ e
B Subst::.tuta.on of equation (1 43) into equat:.on (1.45) &=

?
i -

;sm.mg,n omAGs smws';,,# o (1.46)
: £ gy AT R R B * 15 Feg e pol 2 ¥ : ‘3& iﬂ o %\
. where 8pdG,. 8,,,AGS and ii,,,.msulll are the solub:.l:.l:y

solvent effect expressions for the complex, substrate, and
ligand. Equation (1.46) relates the solvent effects on ;,
complexation to the solvent effects on solubility of the

several species involved; this was a significant finding of -
o this paper (6). Substitution of the one-step model ~

encpression.fot solubility, which is given by equation (1.29)
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-~ (see page _15) in:o nquatxon (1. 46) I.eads o equatmn o
N . I T ’ s ets ' A.u;y-p wt‘a& '1‘, =
.'(1.47). el N i R i
s gs Aé(l) (3"‘ 7 -kgTink{ JKFx2- i )
e " comp!ex xl-b[(I X1 : '
o ",*"?-‘ {83 «gQ & B “g;s:. STEEML z ") ‘g,@»&

| (gAS-,'-kBTInKS)KSm (gA‘- -i:,_,,ﬂnl(‘—)!cl X2

X+ K?:z

_ R :‘m
which has six adjusta.ble parameters. Substitution of the
¢ two-step model for solubility, given by eq_uation i;.ZS), for

each speczes m solut:.on nges equat:.on ( 1 48)

R TR LA T— N i &z"@ ’i*iesmy o

R A ‘;,;;'igm%:;;;:.s rwmvion o ;EL
smAG(c'gmp R |

»ée A

SR 5 ¢
(l 48)
m if.# w-émww S :cf:“‘;%?-%.;.: i

&E.

(—kBT In (KC)+ gAC?') chlx-p +(—kBT In (K°x$)+ 2gAC-r) KEKS (xz 3
C(xy)” +Kcvqx1 + KCI(q (xa )'

e i , e
SRR g S e R g TR s

(-kBTln(l(s)+gA Y) st,n +(-kgrln(xsx§)+agAS.,-) Kqu(xz)z L
(xn'+l<sxm CE

FE PN - L “f;‘ < gt omed gores besreen ’i"“—ﬁ!.:- Tas #"ﬁf i

‘[(—kBTln (KL)+ galy) KLt[xa +(~kgTIn (KVK5 )+ng‘1) KEkE(xa r’-]

2.kl 2
el B o adEdnd (‘l) +K Xixa ¥ Kl K" (m) B f,,». SRR s )

"+ which has nine ad)ustable parameters. .uni g e i@ Isiven

- In ptinciple. equations (1.47) and (1.48) can describe
it:he solvent effects on the complexation process, but they '

PR




- approximacion (s, 5 7) and the parcial cancellation . et

: equat:z.on (1 45) to give equation (1.49) . 9y RIS

On snbscz.cut:.ng t:he -wo sc=p solum.lu:y equauon. (1 25)

gt}

are not pracncally useful, owing to che large number of

_ appraxma:‘on ( n.

‘f'of the one-sr.ep solub:.l:.r.y model Lequat:x,on (1 29) ], ].eads

SmAGQmp,“_ +8mAG 4-8;,,:&05[;,lll

adjustable parameters. In previous papers. three
approximation methods were examined as means to reduce the
number of adjustable parameters; these were called the semi-

empirical approximation (§), the full cancellaticn

wd (IRLTY pmedtarane Bt . A 7. Bri

. The semi -mpzncal approxmac‘on mvo;ves rear'angmq

apl

v 5 T
B ST Y ’w-“’*‘ﬁﬁmgf }{5

“,a X e A

- (1.49)
ek g LES Ea L B e ,.Jéﬁs SN ot 30 -a"rﬁ{« '

8mAG(c2mplex. +8mAGs soln «r-5,,,,AGsﬂln =dpa

Sk gy AL

i3 !’*’ N [ - o - vw"""‘r.;ﬂ
g

equation (1 49) glves equation (1 50}, whereas subsn..ucmn

to equation (1.51) L e L
Vhu cm aik CBELLDC B LG AN 3. ab ‘”‘*‘5 ffﬁ.{% aﬁ&ﬂ AL IS

R . ;.“.; .
o low soagne

z[(-kBTln (KP)+gASY) K xpxs +(-kgT In (KEKS) + 26aC ) KEKS(x0) )

v T e
(xy )Ti- K(l'x;xg + Kg' Kg(xz |

(1.50) -
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Bquation“(i.sm has onlykthree‘adjustable’ parameters; Kc.

4 Kg and gAc ., and equation (1.51) has only two adjustable ‘

¢ parameters: gA and Kc ‘To use these equatxons. o

: 5,AG )]

S - «
AG complex. 5mAG . and smAGso,n are measured as a

_ f\mcuon of x2, and nonalmear regression is performed on . |

st : !
AR R RE o

- these data to extract l:he adjustable parameter values. B

SR second t:reatment is called t:he full cancellacmn |

S approxmaczon (5 6. ‘H. in which we assume chat the

SaEaS s
ol SEN

substrace, the ligand, and the complex are solvated equally,

‘giving KC Kl l{‘ -K‘, applying this condltmn to equauons

- (1.47) and (1.48) leads to equations (1. 52) and (1 53)

,f:v respectwely




Y

. adjustable parameters.) '

" and a range of 1.5 to 15 1 (7Y, The solutes were

roos o oebesl : ;.a;i-:’sfﬂ‘;e T T :
" 5mAGmm- - : RPTRDESRIN ¢ 1.7 1 S
e ok +Kx2 "‘“‘_““"“ wE
pavit (V&1 x,,,:zwtw Fte e :_t-.i@:z-?:a:; S Eet i FRCET S S
N -
smAG(CO)mpm- b ‘{; %
(xl)" + lelx': + KIK.,(K‘I )"
ek __ ;;Q . L (1.53)
where AgA=gA gA gA . (Equation (1.52) has two
adjustable parameters. and equation w(l_.53) has three .. m% )

The justification for equating the solvation constants

lies in our results on 56 solubility studies comprising 36

different solutes and 10 different cosolvents that were |

- * subjected to analysis by the phenomenol.og:.cal model. The

' _'o.ve:age value for K| is 4 5 with a scandard devxa:ion of 3 0

T

&L et

En

sr.ruccurally very d:.sparace (For example ‘sucrose and co

dxbromomphenyl) » and from t‘u.s ‘relacively small vanat:zorx

B m the solvation exchange constancs it seems reasonable to

concludq that the exchange constants are not tughly :

e e
the chaprer. ¢ B I




56

' Another spec:.al case, where Kl l(s l([' leads to a

:lnrd method called tke par:::.a- cance 'lac.cr: approxmac.wn ’

' (7). Applying this conditicn to equacion (1.47) gives

L PR e (}’A%: zﬁ; ';Ejﬂiﬁ:?' P
GO > i )
(kg’l‘ln KL zA )KLx-.
Lf e ‘sg_gé sl i . m@}c&'& c
(gAC "S.AS)'{ foz
S _ ll*Kic'xl .
- Q@a’i BB ‘mgi b modasupdl Ay ’&’g _f?: ,i,f_ $33ﬁ% |

| smAG“’mp,,,

£ 51k
;

5 e e ot 6l g S

, ‘g
»m{ﬁa"w& ﬁ”gx

“:s\;‘ s v
' - {1.54)

-
e

L L L :,u—s wa wsaty Bldgn ,g,*;f&ax .
‘ andbeca.use Kf<l(",*we write ot B

EE “m?w&m wideamarlism 0

: 1‘7‘ 4 feand (kBTanL __gALY )KLX1 g xS AV S Gy 3‘,*1 .-g-y?g

; ) SR S
' smAGcomplex. -;+K}'xs T @e_fgg nd Ly 53‘55’ zetl

] Nlﬂ soi ] . L
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o ™ Table 1.6 I have summarized these ecmat::.ons

x ) it’i o i T e &%e RS LTONC R u::-ai:fﬂ:i B W fee R BE R

"~ Table 1.6 The assmnpt:icns and equations used to analyze -
lexation data.
Approximation |No. of Steps|Equation No. of |Ref.

, in smAG;om no. in this |para-
tion
Semi - . |two-step
empirical model
. {Semi~ - |jone-step - 1.51

lempirical model

Full two-step 1.53
cancellation |model
Full one-step 1.92
cancellation |model
Partial one-step 1.55

cancellation |model ]

1.50

L w [ 5
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I..S.Z Results 7 : _ _
'rhe phenomenological model can quanti:éﬁively describe

solvent effects on Mechyl Orange complexation with a- -

| cyclodextrin (5), theophyiline and naphthalene complexation
(6), and 4-nicroaniline complexation with @-cyclodextrin
(7). In Figure 1.12. a plot of the curve fits to the
naph:ualene-checphyllme complexanon dat:a (in e:hylene
glycol-wace: mixtures) is presenced. as well as fits to |

" naphthalene and theophylline solubiiity data using the two-
scep solubili:g model: equation-(1.25).. The fits to the x a

other data with the other equations were equally good = *’”
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Figure 1.127 ‘golubility and complexa: on of naphthalene and

cheophylline in echylene glycol

-water cosolvem: mixtures.

ia order f£rom top CO bottom the lines are:

complexation data

to the equation (1.53}.

, l:he~ cwo-step.,

the fit of che

full

cancellacion approximacion model;:
solubility data to cthe two-
(1.25).
semi-empirical approximation model

che fit of cheophylline

step solubilicy model equacion
'che fit of the complexation data to the two-step.
and cthe

equation (1. 50).

" fit of the naphthalene solubility data to
solubilicy model equacion (1.25) (6).

the two-step
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AR

_ @a-cyclodextrin i {7) data is given in Figure 1.13. These

e complexes. ,4_%- o ; 51'.. " f  §.'

~ (7) has estimated the initial slopes of the §ngM30)

- the organic cosolvent; behavior similar to the log Kj

‘against log P plots is observed. Figure 1.14 shows such a

_70.34' I;'was proposed that this value represents tha_  cF

oo o Lo - % " g Iy BE £
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An interesting inference of the cyclodextrin solvent

effect studies (5,7) is the discontinuous behavior of che;_'

solvation exchange constants. When log K; for the a-
cyclodextrin systems is Qldtted against iog‘éi“a

discontinuity at log P = -0.3 is observed. Such a plot for °

the mecthyl orange-@-cyclodextrin (S) and the 4-nitroaniline-
results are only pertinent for crcyclodexttib inclusion

'This discontinuous behavior is also observed from a

model-independent, graphical analysis of the data. Curxxxczpr.'.'{”'j

X2 plbts:r.whenﬁchese values were plotted against log P of

plot; here again, a discontinuity is observed at log P =

~

effective log P value of the cyclodextrin cavity.
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circles are from the 4-nicroaniline-&-cyclodextrin studies.
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circles are from the 4-nitroaniline-a-cyclodextrin
complexac:.on syscem m . Nonce the dxsconr.muous behavxor.
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1.6 {w& The FpPhenomenological Model Applied to -

- Chemical Reaction Rates 4, ”i‘i -

. 1.6.1 Thecry wiww

We have now complected our review of the appl:.cacmn of

- the phencmenolcgical model to solvent effects on. -solubilxcy.

surface censmn. ' absorpticn spectra, and molecular t

" complexation. 'rbe purpose of the present work was to aDDlY

the theory to chemcal kiretics. We begin with a discussion i

of the theory ? s R J o % X . ;;

"he model uses the following thermodynamic cycle - S

' (wn:..en nere specz.f.,caxly for a unimolecular reacnom .

AG:m (®

. ) M ” ¢

ﬁ-ﬁ’;«aﬁ a=» "!"'_'f' SIPRIRE S 03 I v S ”"mﬁi g»;;; L, QJ%

£ ;‘»"‘.!‘*. F'f’v. o) @ M""; o R IX

. g anREbeinyw %M%‘*ﬂ@zz;%b ﬁrf’;"}”_ﬁ&\f*:; I «,L,,m

Sy

S where R is the reacuant. “R? the cransition scat:e'.' "P the L
- product, and AGgen med. and AGgy, represent che General -
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Medium Effect (solvenc-solvent interactions) and the

83

Solvation Effect (solute-soluce interactions) respectively.

The superscript:s R and { denote the reactant and transition

scace species respec::.vely PR

PP T AR Wi ,‘,"5“:, “ﬁ’;‘ g’:}z’ o .‘:;‘;ﬁz X

From this cycle we wnte equation (1 56)

i

ARy 'g‘!”’“""% 2 (AG | +Ac;m) 0 (1.56)

N i'i;';}f' m§‘€x;§. wE

BRI

e Rea:ranging equacion (1.56) gives equacion {1.57) 304 Lla

: .
AC'r:m(l) = Aern(g)"’ (AGgen. med.+AGsolv)

- (AG +AGS°|,, +-(1.57) |
vIG I 1T LA TRTT BEE T S R S E S B G T AT S
- where AGfm m is t:he iree energy of acsz.vatmn in solut:mn.

AGh, ¥ &G

which can be calcula;ed from che expenmennally det:erm.ned
 rate constant. (For simplicity., we will denote Aern(l) as

&
& 3 -'q T L L -y?
n (g) is the -intringic . gas-phase free enerqgy

i \*.l;

“of activation. :.quac-cn (1 :7) comp-et:ely describes the

system; however. to apply :t o data, the expressions for

" AGgen med. 3nd AGgg. Tust be substituted inco che equation.

4 f . . .
o appli.cat:mn of r.he Le ‘ler-srunwald delta operator (9). n:

AGI‘?,m (g is mdependem cf solvent composu:zon and. :hrough

T I o e ; v*_. S

'- will be eliminaced from equacion (1.57).

o8 g The expression fIcor Aﬁg,w was given by equacion (1 12)
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and the expressicn for AGmm was given by equat::.on

AG = AGm (g) + gA*Y; + AGRW-.

@ . 3 . e i h s o
Sy o . S T e R
pipdin Hmed po DD e e It de ki b AR ¥ f. GHEE L wry Dag i

T BT
(—kBTln K;) qu!h "'("'kBT In K]K‘l) K[K"’ (x‘:) o+ AGRW9 AB
(xy)* +Kixxz +K1K7(Kz> '

@ gmosvoaosgper s T
(1 121

e ]

o 33* 3 LR F f‘ﬁi S .é‘xg\L AT B R
(1. 19 :
Ty - 5

e T ?" o
Kp([xo-l- "Kll("(h) ) (1. 19)

S AG 2 = + gA
o 0 gen.med.‘ gAYl : T ((x ) *lel"" +K|K1(u)

. All terms have teen previously defined in sections 1.1.1 and

.1-102'- :; -

: E -{l';.
17;%;‘3

The free energy of activation is given by suhsnt:ucmg

© equations (1.12) and (1.19) inco equation (1.57) to give
= )equanon LS8) e met m 82 g b seme

o TR A ot i By = .
a{ ﬁﬁ ‘%{ ?‘; SRS {*vw » . «%ﬁ-@ ey fg % 515‘.‘

B Bd Oss Ao L

a 5 E a‘,,;;;;} LR AN "‘?’"‘ 4 ‘_ LA a.sy:f R w 554‘3

((-kBT in (Kf)+ mw) Kﬁw +(~kgTin (K+K:)+ng+-n K*K:(m )2]

(xl) +lelx1 +K1K-,(t1)‘ S U
f‘?:z’*f s EUBHL o E B i : Ao BOLIRURIIR. SE

5 e g2 R I S
f:#_,"'zr ‘”{_'ﬁ ‘“Ef?‘yl’,’-;a?wg;,% o B

21 BT B gt _
AG n - o / X
RW“ gA ,l Tt et FERD st % ﬁ Eﬁf"‘ﬁ? A w

«’"f‘if 5&;;%’.‘!& -1%' L«

,,.;_.,: 2 - 4;5,-3,-;,“.»-;1-{;” wm, - Ty - MR

(-kgT In (KR) +gA“-r) kaph +(-kgTh uc, K )+2gA"1) Kjld‘(m ?
- | (xl) + l?fx[xz + KRK,, (xo F

(VR EY Rt skan ot Letasoatis e Jliw

. .In a pure aqueous medium (xy = 0) cthis equation reduces to -’
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w0 o ﬂw. ’ t;x . e -:;,f.; i ‘;“f”!
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pa T EE S gl re® weoael RULLTEUEOE LRUREL

Us:.nq the Leffler—Grmwald operator (9! . the solvent effect

LEESw L s halieiae alpioRiug AT J9NE &‘ﬂ%»‘m-w Lkl

:%geawﬂ.? s e e f TR L B L R e r TE 28 .

‘ . - 8mAG Aern(xo = xs) Aern (xqsm
ﬁ.&?’”*ﬁﬂ x#% .1} -»»&L»--ma £ g “ S . vk

| | 2.1y mpiseme
Appl:.catxon of this operator to equation (1. 58) eliminates.
the solvent independent terms. md allows equat:.on {1 58) to

 be reduced to”’;*“f_' o g gk | :

21163 a:;d m*“’fﬁr"“ At LT YE A ST

*4: 1““‘ %\.“us”}% ﬁﬂ: ximﬂm‘: s'&ﬂﬁ"}fﬁgﬁ;ﬂgfgg ﬁg
: / P s o g '
(-kBT In (K,)ﬂA*y') K} {xix +(-k3m (x+g,,+ogAt.,, kiKh (x2)?
)® +K*x1xz + K*Kn (x2 )‘ oy
s !iaﬁ : ,,J’“

Can ballgus 28 P R ] L B S

.....

s CEnd BITEILGUY '?stﬁ:s”‘iﬁw

P G

hany g febom e L s QEeT S

e ideIgiths 30 ki f:oz*s:; g

ix:éaz {1 1} enclisy s 63 ma f@sz iwmnmﬁ 'ammmx;ﬁﬁa'

(~kgT In (K} )+gARY) KRxlx-» +(-k3‘1' In (KRKR )+"2ARY') KRKR(m >
G g ‘a,rg.!eégr v g (xl ). + Kl ‘[31 + Kl Kﬂ (K“) )" ; ot

{1.61)

2 RN

wb,ere f=_L_1 and v, and n rel:am their defuul:xons. B
o : oy . R TR S S ! &

This equac;on ‘has six adjustable paramer.ers. namely the
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L solvat::.on exchange conscants K! . K., , Kl' and [q and the _

products. AR anc gA®,'of the surface area and the
curvature correc=ion -acr:or for the solvent cavu:xes

¥ enclosing the reactanc and t:rans:.::.on state specxes These

o ' parameters are, in principle, obtained by flttmg rat:e data

| (SmAG as a functz.cn of x) usmg nonlmear regression.
SR i e

_ For a one—sz:np soi.va::z.on scheme equat::.on (1.581) becomes
equacion (1.62) ‘ | S |
e £BRL 5 Sl BT O *mﬁ:fﬁ%“ff* i 30 f‘:f:ti:i"“?”""@ﬁ
_ Al - kpTInKf)KFxy - ch Ry - kB'rmK{‘)xsz R
, x|+KIx2 SRS » "1"'[(1 X2 oonibeisii m

: r&:ﬁ?;ﬁ?&;g

%mwu:‘ ‘4'.*@”",3 5 AG’

|
\a!im J

| By - S oa.ey
. where Y =Y -Ys .' This equation has four adjustable “v7 .

gl

numﬁn :::l | parameters, namely the soivation exchange constants for the
m Lo : . ,
""mm 7 reactant and transn:...cn st:ate. and :.‘1e general medxum t:em
. ‘ : : ‘,f‘.. N Ay S TS T T [
© ' for both species. e = T _,§ 

[

2" The full cancel ation approxmcxon that was applied to - E
| che coutplexacmn model to reduce the number of adjusctable |

paramecters can also be applied to equations (1. 61) and

72 (1.62).. For che '-wo-step solvacion scheme this gives :
Kl --l("-l(; and K-. -K“'-Kv. -and equation (1. 61) s:.mpl:.f:.es

AN
i

: 6 AG;_ AgAi"{'Kltlx‘l-l- tf K'K’(x.,) ‘”ﬁ 1‘*{@ - (163) ;: N
m rxn S S E
‘ (x|)"+lelx1 +K!K2(x2)" S S
aﬁ;@ AT WRSIRNN S R0 e L_fu* Gai W %«“55«’“‘ W a.:m:




_where AgA$=sA$'-'GAR ;- this ris the difference between the
B 55 curvature-corrected molecular surface areas of the caviﬁies
' containing the transicion state and the reactant. Depending
| w on the reaction,. this quantity may be negative or positive.
2. Notice that the number of parameters in equation (1.61) has
been reduced from six to three:. these are Ayﬁ. Ki; and Kj.

v ozon Por the one-step solvation scheme subject £o the °

approximation K*:Kkst_ equacion (1.52) simplifies to
. i 1

' give equation (1.64) %! Jorstas R e

; g . SR Fin i R e e
T linovin avre Ty g AL r-;35~§ i J’!F SRR, £2

. . : ‘ -

. b o B TP A

B R smAGSIﬂ = ——-——-—L—AM‘T Kix2 B P “.fi':‘% {_f‘ii'} »H SRt 139 (1.64) WA
X +K X2 ' .
AT S COR T I l = s ’k‘ wEnLd "“Eﬁﬁ"“ L+ 2 s ORIE

where all symhols have been prevx.ously defined.: Notice that
the number of parameters in equat:z.on (1.62) has been reduced

- from four to two; the paramecers in the new equation are
AgA: and Kl. 'rhese several levels of approximation

RN &

 Generace more txactable ‘equacions:; :he:.r accepcabilicy must

ﬁ;

k2

'~ be tesced against experimental data. Ry it al fronstd

L ) ) B
¥ s o . Sim iy 15¢' ,i{;
—eekiuge N | LnE Bets y; %ED» clomioe UGN B3

. - 1 7 st.tme Dl eh. ’tﬂbl.. %Je‘ *“‘é} %”j@ Fﬁxs,n‘ X\ﬁ :i? & &

Despite the previous success of the model in describing’

¥ :
S

solvent effects on solumlx.ty. ~surface tension.  sgiuomer 0

Ead

solvatochromism, and complexation, its extension to the more

difficult problem of che description of solvent effects on

chemical reaction rates had not yet been accomplished, and
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:'ﬁﬁ,solvent effect data on chemical reaction rates.

' & so the problem, and the goal of this project, is defined -

68

s¢ to test the applicability of the phenomenological model to

gl

i ethylene glycol.

Calpaned

.To this end, che decarboxylative-dechlorination of two

. N-chloro-a-amino acids was scudied in many aqueous-organzc

.i“?gﬁg binary cosolvent systems.  The decomposicxon of N-

'_ chloroalanine was studied in eight aqueous-organi¢ cosolvent

systems, namely acetonitrile, 1,4-dioxane, i-propanof;'z-‘ Ly
~ propanol, methanol, ethanol, 1,2-propanediol (propylene e
. glycol}), énd 1.2-ethanediol (ethylene glycol); The
decomposition of N-chloroleucine was examined in four
- aqueous-organic binary cosolvent systems: these organié
cosolvencs were methanol,’ acetonitrile, 2-propanol, and
ChoAeilBEDE RS BURTLAELEY ‘i'se;:;

wpEss RS

- g3k crhis reaction possesses'several Eeatures that made it

' well suited fof this Study. among them, its pH independence

| u:.tin the pH range from 5 té 13), its insensitivity to ionic

- strength in this pH range, its sensitivity to solvent

o 1;,.\.. W R r»;«.a "5

~%n.. interpretation of the solvent effects.

e Chapt&t.

6

: effects, its unimolecularicy, and its firsc-order
decomposition kinetics. These properties simplified the
‘A more dectailed

¥ descrxpcxon of its chemxstry -s presented in :he Eollow1ng

“‘? B lr»z;:‘ ‘”;

o S e B T
s Sl i3l
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- Chaptex 2. The nocarhoxylnrin-mchlorinaeion of

 3 :l. aluliltrr of chc laaccian

T
. acids (Scheme 2.1) met the aforementioned criteria, and r .

K-Chloro-a-Amino Ac:l.dn ,f

That
R L

" To test the validity of the model, a chemz.cal reaction

well suited for solvent effect studies was needed. The

 desired characteristics of such a test reaction are that it

‘be unimolecular,. that its rate ‘ber pH independent (to avoid

the complication of measuring and interpreting the pH of

. aqueous-organic cosolvent systems), and that its rate

display a significant solvent effect; other accractive

Eeacures are firsc—order kmeucs. ‘and a reaction rate that

. is independent of ionic strength. [u.snae Ty fwy wohigey «f

ik

The decarboxylative-dechlorination of N-chloro-a-amino - :'

though the mechanism of this reaction was no: _;h'e, focus of
. this project, a brief review concerning its chemistry is:

‘warranted. I shall. . restrict this discussion to studies. =.

that were conducted in pH ranges similar to our own studies,
that is between S and 13. (Actually, the pH of our reaction

solutions was usually between 7 and 9). For descriptions of

: work conducted in more acidic regions the reader is referred
_to the work of Armesto and coworkers (1) and for che e

alkaline regions the reader is referred :o the work of =

Armesto et al (2) and Abia et al (3).& SEe ’wéﬁw.mm {-'é}a

im Bt q ‘,M@:%ﬁ il wa..mw: BRHED imwﬁw &Jl*}%w _
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7«;:“’7.5cheme 2.1 Decarboxyiati ve-dechlormacmn of N-chloro- a-

. amino acidg. itsuzsins bas palreessw o noisend

e
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4+ The reaction has been well scudied (4-11)) and the -

s-following informacion is known: che N-chloroamino acids form

rapidly (within seccnds) when a chlorinating agent such as

‘ypochlorcus acid (4-5), chlorine (6), or monochloramine

(7,8) is added to a solution of the amino acid. and then the

“chlorinated amino acid decomposes by f‘irst:;érder‘kinetics as

" shown for the overall process in Scheme 2.1 (3, 9, 10) * Hand

 aldehydes and ammonia formed from the more reactive N-

*. -aminoisobutyric acid. and N-chloro-i-amino-1- ¥ &

= tf:au:bt:ncyt:ycJu::he:t:ame EH e ﬁv

and coworkers (9) have repor:-ed quan:itati\'re‘yields of the

e

il

- chloro-a-amino acids, ‘nameiy N-chloroalanine; ‘N-chloro-a-

prirulisg
1

LR o vt e b Topnth i geee Sl by nB i
> §OSROET &&d&u,f :‘@J,s\,f?)gt B ORENM

‘It is also known: cha: the reaction racte is mdependenr.

~of pH in che range of 5 ts 13 (3,9,10). Hand and coworkers

(9) reported chat N-chlorcalanine decomposition did not

 undergo general base catalysis by acerate, phosphate, and

L

. .




e 13
borate buffers ranging in concencracion from 0 to 0.25 M.

~‘The reaction rate was alsc unaffected by changes in ionic

strength. In support of this work, awad and coworkers (10)
have aiso reported that the decomposition is noc -+ g ,
significanctly affected by changes in the initial N-chloro-a-
émino acid concencracions, phosphate buffer concentrations

(0.05 to 0.5 M at pH 7) and ionic strengths (0.2 to 1.6 M

‘ ?adjusced with NaCl and at pl-l 7). .0ur preliminary studies )

are in agreement with :hese claims, (Contrary to these %

tindings, Aria and coworkers (1) reported chac .}
¥-chlorovaline undergces general base cacalysis when buffer -
eoncencracions exceed 0.02 n T ieir study will be reviewed

Iat r in zthis chapter ). ; , 'if*?‘;‘?u’??

s
Bl

g Q""“*%fg -

b 'rhe decompositicn of 't -ckloro-a-amino acids z.s usually
mom.::ored spectmpnocome!:ncauy cy following the decrease L
m absorbance (ac about 250 nm) corresponding ko :lyl-chloro |

bond cleavage. Awad and coworkers (10} have used additional

" methods ':E:_ follow the decomposicicnuinclkding iodomecric

'M’

-~ analysis to monitor N-chlcro bond_ cleavage, and entrapment .

- of CO2 in Ba(OH)2 solution followed by acid-base ticracion. .

values for each amino acid; for comparison, che data are

used chese daca to determine the decomposition rate

They also measured the inicial races of decomposition, and

b
POEEL

: constants. All four methods gave similar rate constant,,

hsced in 'table 2.1.
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7,-$wxable 2.1. First order rate constant values for the i =

rgéudecomposi:inn of some N-chlorc-c-amino acids determimed by =

four differenc methods.  Data are from reference (lﬂ)ﬁﬁl'

"1 $oaneanty sl | Pirsc-Order Rate Constants/ min~l at pH ¥

and 25°C

[

Amino Acid ‘% .. }spectre-* | todomerric |Initiai ]cOz

#2182 vi47* { phocometric |Method - Rate "** | Trapping

’fﬂﬂ A e |method | Mechod | Merhod

[N-Chloro-N- - & 0.005 “2210.005 77 {0.005 0.00%

methylalycine |
N-Chlorgalanine |0.015§ 0.015 = |0.015 0.014

Cm | ¥ |n-chioroaiveine fo.002  fo.002 - lom

L I O

|
i
!

M‘ {1 ... fchloroisobutyric
| o L e a7

2-Amino-N- “° ' {0.§3 - 0.70° "7 ] " lo.es

y F R X e g ERTY R ol
.i."i’*'ﬁ-"?i_"*n’;_?‘f—} £ Eh Fuesns oo oo Fosoans

acid

b T R T e i e, e byt gt s L s s B e

AR s averal reactzon mechanlsms nave ‘peen propdseﬁ and T

'?%ﬁhwlll dlSCUSS the most pilausible Ones in this chap:er.

Rl

'* restricting the discussion o solucicn conditions in whlch

che pH was between 5 and 13." Fox and Bullock (12) have .

 suggested the mechanism shown in Scheme 2.2. It involves -

:che loss of an a-procon as the El—s: and race de:erm;n;ng

I B,
A ek 4& e L B T e dod oL

SEED in che reaction.
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This mechanism is not supported by currencly known -
‘experimencal data, specifically the pH independence of the
. reactiong Hand and coworkers (9) and Awad and cbworkers(lm
offer some experimental data which discredit this mechanism.
_The most convincing. is that N-chloro-2-aminoisobutyric acid
(2 (k = 0.77 min~1¢9):ik = 0.61 min-}(10)),“snd N-chloro-1-
- .amino-l-carboxycyclohexane (2] {k = 5.4 min~} (9));"@-amino
acids that do not have a-protons, decompose more '/i'apidly
 than N-chloroalanine (3) ( k = 0.016 min~1 (9,10)) which
. does possess an a-proton. - Clearly, the loss of an a-

proton cannot be involved in the decomposition of (1) or
(2. | |
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 In addition, the race conscants for she series of &-amino

§ (1) oo #

-~ acids N-chloroglycine, 3 -ch.].oroalamne. and N-chloro-2-

., aminoisobutyric acid i'ncrease in chac order: N-chloro-2- - .
' aminoisobutyric acid, the amino acid with the greatest

o number of a-carton mechyl substituents, possesses the

> fastest race of decomposition. The opposite order should

| have been observed if the mechanism iavolved carbanion
formacion through a-procon. ioss via an anionic-iike

., transicion state because the:methyl substictuencs would *

1:' ‘*ﬁ.@ﬁ} i&:}mm;; g ; {;& G5 'i,_ii.e‘ﬁ ey

~.reaction TaCQ, snvogih iyl

. Two ocher mechanz.sms discussed by awad and coworkers

o : the mechanism; ~in Scheme 2 3 the decarboxylacion is the

rat:e determining step. whereas in scheme 2.4 ip ig ot

.3.
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gwuo; involve the loss of earbon dioxide ag the first step in =

T TY :’i’;r;;' sploiponeonel 8l A bevicend su -'Mﬁ'm?‘;? R

;; destabilize the transition scate and therefore decrease cthe =
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‘ mr:ermech.a:e in the race decermlm'tg scep. ' aeveral
observat:.ons do not support chis mechanxsm. namely tha: an
anionic-like transition Stace is destabilized by methyl |

Substizuents, thus the rate of reaction should be slowed as

the number of mechyl substituentcs on the a-carbon is




increased (9,10). As was discussed previously, the oppositce

order was observed for the decomposi:ibn of N-chloroglycine,

N—chloroalam.ne. and N-chloro-2-amin oxsobur.yrz.c ac:.d

Addicionally., an anionic-like transicion state is expected

to be destabilized by a nonpolar medium and thus the

reaction rates are ancicipated to decrease when organic
cosolvencs are incorporated into the reaction medium;-

instead, the rate of reaction for N-chloroalanine (9,13) and

N-chloroleucine _'( 13) .increased as crganic cosolvents were
incorporaced into the reaction medium. (Awad and coworkers
(10) actually argue that Scheme 2.] is not supported by che

observed solvent and substituent effscts because they

l’flil‘ destabilize the carbanion intermediace thac is formed in the

| um l‘uu:::l‘H
i m}m:""
m'n [ I"I !

g)!

\1:«
rate limiting step. This arqument is wrong in a rigorous

sense, because it is. not the scabilizacion or destablizacion

of the intermediate that causes a change in the reaccion

rate, but racher the increase or decrease in the s:ability
of che c:ansit:ion stace relative to the intermediate's -
scab:.lu:y Y -
Awad (10) argues :hac Scheme 2 ¢ is .-.upported by t;he
LT observed solvent and subs:‘:uent ef gcts, but Scheme 2 4 is |

not consistent m.r.h :he experimental Jbservation that the

rate of decarboxylacion is equal toc the rate of

dechlormac:.on.
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L TR - ST S A & At g2 s ﬂ%’“ SR Rl = '

P o ﬁfﬁ*ﬂﬁih&“w . :’”»,,, -J:ﬁfs, b N Sk B F i




98

wing mo 5 Hand and coworkers (9) have discussed the mechanism -

_m~gy- depicted in Scheme 2.5, where the loss of chloride leads to

-~ the formatcion of 4 nicrenium ion intermediate. . This ..y

s - intermediate would be born of a cation-like transition:

. State. . Electron donating groups such as mechyl substituentcs

. would stabilize this transition gtate and act to increase

the reaction rate. .Hand otsexrved the cpposite trend~-che

- ', rate of decomposition for N-chlorosarcosine (4) was 5 times .

#

 ;g;1ower‘;han'the decompositisn rate oﬁ,x-chloroalanine—(ji.'

o .
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= s though their reasoning is logical, it is based cn only

' one rate study.’ As previousiy discussed. che solvent effect ‘
- work performed by Awad and coworkers (10} and this *% o
. laboratory {13}, and our pressure effectc studies (13) (to be

#7r described later) indicate that & cationic or anionic-like

. seransition state species is probably noc formed during the

::f rate determining step of the reactionm. ©7VF #FT R s

:7ﬁﬁum 2 I chis discourse, we must also consider the initzax

. -*ioss of an amino proton as depicted i1 Scheme 2.6. clearly
' N-procon must be present for the operacion of this

mechanism; the decomposz:-on of N-chlorosarcosine (4)

'2, 7 eliminates this reaction pachway. “Additionally, the

S fsrmacion of an’ ‘anionic-like transiticn scate is not

 'compac1b1e wich che observed solven: and pressure effec:s.‘"7 _
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The mechanisms chat we have rev:.ewed are not cons:.stent

_ thh all experimental observal:mns. namely that the react:xon
3
i is insensitive to pH changes m the range oE S to 13 chat

- the decarboxylacxon and dechlonnat:mn occur smult:aneously.

and !:hat: the rate increases when organlc cosclvem:s are

s

added to the soluuon (which suggesns that the transition
state is stabilized by a less polar medium and has some

nonpolar characteristics itself). Given chese facts, thev

SR Co L ««M,

most likely mechanism appears to be a concerted

fragmentation mechanism in which dechlorination and

3 ‘;w
deca.rboxylanon occur simul ..aneously via an imine-like |
transition state. It should be noted that the entropy of

activation, ASt, of the reaction is positive [for example :

ASt = 10 kcal/mole for N-chloroalanine decomposi;ion (91

which is suggestive of simultaneous bond cleavage (%), and

/
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supportive of the concerted fragmentation as well. The -

nechanism is shown in Scheme 2.7 and was first proposed by
Hand and coworkers (9)‘¢;I:'isfcurrencly,accepted by Awad et 'f
al. (10) and Abia et al. (3): however, Abia and coworkers |
also suggest that a competing E2 mechanism exists at higher
pH levels and in the presence of certain buffers (to be
discussed later in this chapter); Notice that the charge 6n
the carboxylate group is dispersed in the transition state
species, and that the decarboxylation and dechlorination
occur simultaneously. Notice also that negatively charged
‘reactant is probably che predomznantly charged form in

" solutions of pH 5 o 13. (The pKa of alanine’s carboxylxc

" ac1d group Ls 2. 35 (14). the pKa of N-chlorodlmechylamlne 18.

0 46 (15). and chat oE N;chlorodlethylamlne 1s 1 02 (15}.

v zt is reasonable to assume chat the PKa's of N—chloroamlne
groups of the a-amlno acxds are somewhat simxlar Y Thxs
probably accouncs for che pH 1ndependent rate of react;on.r
The charge dlspersxon that occurs xn the transxtlon state
speczes could explaln the solvenc and pressure effeccs onz"
the reactlon ra:e.' This mechanlsm seems tO be consistent

wlth all repotted experlmental observatxons.’z'£ w?x& b

e
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" Hand (9) *jus:;fl ied this mechanism on the basis of work

presenced by Grob and coworkers (16-18), who have class:.f:.ed

~ fragmentation reactions as those :ha: occur r.hrough Scheme

2.8 (16-18). e
. .Z“‘ci"'r:.g. \‘ ; § .
Wl s
Scheme 2.8 ! '
#53B B IR R L

AR

B IA BTl « S IIECE 0 s gk fgsdctye e

Common &~b=— groups include carboxylates. which fragment to R

carbon d:.oxz.de. common ==C=d— gmups include carbon to




g4 -

‘nitrogen bonds, which fragment to form an imine; common ==X

.- groups include halogens like a chlore group:; these fragment

to form charged -malogens. like chloride ionms. ~ An important

characteristic cf fragmencation mechanisms is che presence
of an electron withdrawing group ( chlorine) and an electron

't donating group (a carboxylatg_) on the same molecule. When

these groups are antiperiplanaf (as shown in Scheme 2.9}, - -

overlap of p orpitals generated from the bonds of the

+ leaving groups is maximized: this facilitates electron flow

and ® bonding. =~ * -
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Scheme 2.9 The chloro and éarhoxy:.ace groups are
am:xpenplanar. which facilitaces p orbital overlap in che :
.transition stace (3, 16-18).. spfze: gt B
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,.-glycine (Gly), sarcosine (Sar),-chreonine (Thr}, alanine:

. .reactive species.. i.. qolvin-f R i

r Table 2.2 contains a summary of interesting daca from

Hand's study. Seven different aminc acids were examined:

(ala), proline {Pro), @-aminoisobutyric acid (Aib), and 1-

:amino‘_l*carboxycydohexaﬁe (Acc); , che rates varied by a-

| factor of 21,000, with the chloroamine of Gly being che »

least reactive and the chloroamine of Ace reing the most ;

1w SO SRILVST

R Com T , e SBRT e o . "}ﬁ’.
Table 2;2 Rar.e constants and relative races for the
‘decomposition of N-chlcoro-e-amino acids in aqueous solution.

All data are from reference (9); the studies were conduc:erd
~at 25°C in pH 6.83, 0.01 M phosphate buﬁfe:.j’ and an ionic

screngr.h of 0.5 M. o
s et siemwose soielugstoedT L RRDIINE m,w e AR e

)‘r %

Chloroamine of k 7 10-4 min-i Relative k

Gly, NHCH2C00™ - 2.5 (0.25)2 1
Sar, CH3NHCH2C00™ 30.4 (0.42) ] 12
Thr, NHCH (CH (QH)CH3)CCO™ 120  (60) S0
Ala, NHCH(CH3}COO~ 160° (r.2) | 64
Pro, 530 (12) 210

) Ty - iy B . . i e RS i
Fion :"fi & :'Mi A coo-.”r‘ri ﬂ}.ﬂ-m-..-!i; TR b i A S B
- : Vi B b s e e ] S ek g e R e Ry TEMY
—

Aib, NH2C(CH3)2C00~ 7700 (480) 3100
Jﬁcc 54000 (600} . 22000

L M T L F I [ 5 £ .
=;$(,},3‘fi,}§‘2 " cm S vmi% . SRS S A I Imme
o A - “< ey “’#_v'?*"’ﬂ BT ‘*”“5 IS

4 Numbers in parentheses are the standard deviacion.
b value from our scuay was 149 (1.7) x 10~% min-%.
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VQrmsxi.%ciearly the substituenc effects for this reaction g
series are dramatic: Hand believes that disubstitution on
the a-carbon increases che reacticn race because it promotes
“the existence of :xe anciperiplanar COnE':‘armatidxi,\rr which
Eavors -fragmenca;icn' reactions as was previously discussed.
He also argues that ‘subst:ictuents which promote expansion of
" the @-carbon bond angles would increase the reaction rate
* because the angles ac cthe a-carbon and at the nitrogen must
increase from 109‘ ks -40‘ when the -mme 18 fonned._ ('rhzs

. argument was suppor..sd ::y ab iaicio calculats.ons perfomed

;:by Bhattacharjee (13} .} For exampie, reaction rates of N- -
" Cl-aib and N-Cl-Acc wouid “e influenced by this effect, buc

. in opposite directicns. The repulsion bectween the two

7 methyl groups of ’\T-CI-AJ.’:: would promoce the expanszon of r:he
i) L .
' 'E’}Npﬂ* ¥ bond angle at the a—car::on and increase the reacuon ‘rate,’
b (1 i
i1l #
&

‘while «ahe»\cycls.‘. s::uc:urg *f ¥-Cl-Acc would deter :he o ’;;5 g

U’ ,

-expansion. and inrzb..c the "ace. ) Hand further posculal:es o
‘that increased carben subsc:.:uc.r.on may also stabilize t:he ¢

imine-iike :ransz. ion s:a:e., result:,ng m a lower acnvacmn
'energy and mcreasea reac::.::x rate.. . .(His basig for th:.s

argument is the weil kncwn stabilizacion of olefin double .2 .

i

: «;,%zi»z,we-&:,ag:' T ;ee:;-*mawwﬂ;m«wx—wsg-ga%m~ g
7 : ;

bonds by carbon substitucicn SR ,;g f""w; o E
e "He reasons ::hat alli ;h:ee faccors must be consx.dered

..when exploring the substituenc effects on che reacrion.

 These argumencs seem plausible, buc they are highly




‘v speculative. Many more amino acxds of varying structure -

independent of initjal N-chlorovaline concentration, and 1- ;_
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- should be studied before any concluszons are drawn,;i.;

’ Prior to concludlng this chapter a discussion of some
new findings is warranced. "Abia and coworkers (3) reported

that N-chlorovaline decomposition is similar to other N-

. chloro-&-amino acids. in that the N—chlorovallne

'_.deCOmDOSltlon rate is independent of pH from 5 to 13; it is .

valine concentratlon. ic is independent of xonxc strength.

waever. they report that N-chlorovalzng is general base

Catalyzed in this pH range in the presence of certain _"

f“buffers.;ﬂ?hxs observation is contradictory to the findings

of Hand and coworkers (9), Awad and coworkers (10}, and this
laboratory's preliminary findings. The report of general
base catalysis therefore may be importanc. However, the =

results of Abia and coworkers® studies are questionable.

‘,PiguFes 2.1 and 2.2 are plots of their observed racewﬁ?f%
constants against base concentration. 'In Table 3. 3; I hava
| presented the maximum base concentration that was used in

<! each study, along with the maximum reporced value of the

L e s e ﬁ‘{"* e r T M: ey “:&
rate constan:.,;ﬂ_”ﬂy LEITous W GG & |

A F et wgJ m*§,jﬁ?$m'%$—ﬂﬁ Bnaz mee
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7f; Figure 2.1 Ploc of observed firsc order rate constant, %

'W=§wagains:,mola: concencration of d;basxc_phosphace.,CL:cular-

 points: pH = 7.6, Square points: pH # 6.). Tonic strength
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syae sy Biuposl

1§*i«£ﬁ~ :. .

' adjusced to 1 molar with Nacl, .Data are from reference 3.

Error in each point was "1reported uuc experzmen:al exror

was sald ro be never greater than 5 %.
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Circular poxncs pH = ‘2 7 ‘Square pcxn:s pH = 11.61 Ionic
sctrength adjusted to L molar wich NaCl. Data are from "
rgFerence {3). Error in each point was unrepoxced, ‘but |

experimental. error was saxd to be never greater-:han 5 %.
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'ﬁ; Table 2.3 Bases, their maximal concentrations, and the

maximal ;increase in-the rate constant for decomposition of
N-chlorovaline. All studies were performed at 25°C and all
solutions were adjusted to 1 M ionic strength with NaCl.

Data of Abia ec al.(3). - - . o .z

&
B ———

Maximum |Race t

Base | |pH % increase

Base ~. |Constanc, k |from

Conc./M /104 sec~! |unbuffered

%,

o | Syszem
1.8 (0.1)8 .

No base to| oo~

i i

= e
W

F

HPO4 ~2 6.3] 0.25 1.95b 8.1 %

i —

HPO4 ~2 7.6] 0.75

[ ad
’

0
tad

7.2 %

CF3CH20~  11.5

| )
£~

9.0% 33.3 .

CF3CH20" 12.7 0.19 76 53.3

N

2standard error in parentheses e

bstandard error unreported, hut error in determ;natxons
reportedly never exceeded 5 %,. kK

"»‘ww ;“ »?«”z»,_ Q ’f‘” e 3(‘*" g JE

i
&

'ng _ From their studies these workers conclude that N- -

chlorovaline undergoes base catalyzed abscraction of an a-

carbon proton (Scheme 2.2}, and this reaction competes with

“'fthe concerted fragmentation mechanism (Scheme 2.7). I find

some flaws in their arguments.

"~ Though Figure 2.1 shows an increase in observed rate

* constanc with increasing dibasic phosphate concencration.,

90
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| the increase never exceeds 10 & of the uncatalyzed rate -
fiﬁz;cons:an: value. This seems insignificaﬁt~relacive to the 5%_1; i
 '@ﬁgrror in their experimentai. rate constant determinations. I :
".'  ~believe these workers should have pursued this general base
5 t,-catalysis more aggressively Dy using higher HPO4~% :suwi
':_“ concentrétions.; ¥ ﬁﬁi‘%ﬁ-ﬁﬁiﬁﬁﬁ#g%nﬂﬂ?riﬁ?ﬁuﬁ aﬁgﬁgg;ﬁg

%5a;g 2; The rate increase shown in Figure 2.2 is more .s0ig

43

» ;Q;gésignificancﬁ_indicacing that general base catalysis by~
o | CFICH0” may be occurring in this system, but they are -
~ m.neglecting the possibility of a solvent effect £ran~che"f' -
' ,..addicion of (2,2,2)-trifluoroechanol to the system.'” For - - |
example, the pKa of (2,2.2)-triflucroethanol is 12.43 (3), "
therefore at pH = ll.s-ﬁhe racio of (2,2,2)-crifluorocethancl
"§3c05£2.2.2}—:ri£luoroethoxids is 6.76.  The concentration of
. trifluoroethanol in a sysctem with ¢.15 M trifluorocethoxide ,'5 |
 f_ would be 1.014 M in trifluorcechanol; we have observed -
U mEE solvent eifects aﬁ the decomposition of N-chlorocalanine and
-' fg$N—ch1oroleucine with echancl at rhese concentrations (13).
' The effect observed by Abia and coworkers may be a IR 2 A
| combination of generai base catalysis, and a medium effect,
and it is difficulc to discinguish becween the two. |
7 ﬂf' To substantiate cheir claim of general base catalysis;”"
 and the proposed a-carbon proton abstraction., they should
' have investigated possible geneéél base catalysis of N-

chloro-2-aminoisobutyric acid (1) or a similar N-chloroamino




i
| i
W gl i
i |
mllm

Wl \'

" acid, which has no @-carbon protor. A lack of cacalysis

'/ would be consistent with. -heir proposed competing mechanism. '

e

e -These auchors also dc-zot Ziscuss the results of Awad
aad coworkers (10) and #and and coworkers: (9), which were '
nencioned. earlier in chis zhapter. ‘namely that at pH 1 and a’
chosphate buffer ~oncentraticn of 0.5 M (710¥a'~,-'.-and witd *
phosphate, carbonate, or horate concencrations of 0.25 M, no

catalysis of N-chiorcalanine decomposicion was cbserved (9).

b e AR it .

I believe that N-chlorcvalize may te showing some unusual "

B,

| substituent effeccs that promote 3 base catalyzed reaction.,
' and these studies should Te pursued ‘furcher. These workers

nave made an interescing and :mporzant f£ind. but they did -

.ot pursue it far enough. 4T g 8.0l s #g no suDiezafI

;In conclusion, the co'u:erted »eacrion shown in Scheme

;2.7 seems CO be consistenc with ai.l the expermental
ooservanionsq sutc areas of gossible future exploratxon

| “ snould include studies in che highly basic and highly acidic

e

region.: Such studies are being pursued ‘in this: laboracory
- {20). Additional work shouid sa conducted to better’ i’
;g-underscand the substituent 2ffects on the reaction.’ W e
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Chapter 3. Pressure Effects , _

- Though the majoricy of this work fbcused on .solvenc
effects on chemical kinetics, I have performed two pressure
effect studies. High pressure kinetic studies are not "’”

-

commonly performed, and this material may be foreign to the
reader. To provide some background, : have included a brief
| discuss.ion ‘on high pressure kinecic work. ~This discussion
T is limited co pressure effects on small organic molecule o
reaction kinetics, more specifically the calculation of
~ activation volumes frcm pressure effect data, and the _
| mechanistic inferences wﬁich may be cbtained from this
informacion. More detaiied descriprions of this fielid a_ie

" given in the review lizerature (1-4). IR
%;.‘ﬁai,u: ..,HE 'vt B A j;‘@&n.. S ad S ﬁf‘uwa“--&i {&}ﬁi ﬁ'p]v! 2.5 .,;% W""iw .o

e e P g tiygie !;mJ SH W ..?d w **‘%’”
3 1 Actiut:lon V‘o.lmus '
- - e J'..(, a L .

A general chemcal 'eac:mn -s shown in S<:heme 3 1.

KR SR L N SR | Sl SEE

R Flabe e * "Ff,?( i

- e ,-,,‘ g

L Rt ’ '3: '
A - OB +... === [aA--oa ...13 — Product:s

b R AN N [ R IR TR

_ Scheme 3. 1
Here the reactants combine to form che transition state,
{aA--bB-...]%, which decomposes to give the products.

The volume of activation for a reaction is the

. difference between the partial molar volumes of che BB
transition state and the reactants of a chemical reaction

and is given by equacion(3.L1y," ®evip 18-} B0iZhura ool
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I w»w«w zen,x,xﬁsﬁw:% -;'é: P
e AV: V* =2 Veescuans RIS & Fr

soevier ou be
@?*95 1o - BT e TS “w* FERO ?? “apby laniGRal BR e
where V* is the partial molar volume of the transition :4 e
state, and 3 Vieuns is the sum of the par.t:.al molar volumes

of__the FeAactants. . -  muooirsines SH08 shoveig o w.,tz,;_g%_,ﬁ e

st

From thermodynamics. the volume of activation is e

noiae:

related to the free energy of activation, AG*I. by equation |

il P =3

CEREATT aan |
=& L..ur( = ]T,m (3.2) s

T _33{43“,3‘\*; o

S ¥ e EeE R M‘* _’ iy *"3‘ ""“""‘" 5 ¥ syERY j«-g? ’

where K} is the equ:.l:.bnum constant for a postulated
equilibrium between the reactant and the transition state,' ]

RT is the product of the gas constant and absolute

temperature. and P is the pressure. -

Usmg tran51t:.on state theory. l(: is related to the

2" P
‘rate constant. k. by equatlon (3 3)

il R

' ra«ﬁ.} Bl S0IIEs B o™ s ¥V IS Fo rw»m #AT :
where h is Planck's constant, kp is the Boltzmann constant,

~and T is the temperature. subscitution of equation {3.3)
into equation (3.2) gives equat:.on 3. 4)., According togs

(3’;,) Yy rsniynlen sna wiign ik m«’” Veﬁ w,iﬁfﬁ”:& ﬁm‘::wa:.«a‘i :
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& These values can be compared to values for new
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equation (3.4) a decrease in the rate constant with an

' inereasing pressure indicates a positive volume of

activation, and a rate increase indicates a negative volume

. of activation.; This is in accord with Le Chatelier's

principle. cories £ anis

e Do

- The activation volumes for many reactions have -been'
determined and are reported m ‘che review literature (1-4}.
From these data, average activation volumeé for ﬁrious :
mechanistic features have been determined and cabulaced’.‘“:, o

ly s tudied

- reactions to gain mechanistic information; however,"

comparison of activation volumes must be done cauclously as
. “T;» e

will be discussed in the next two sections..

-‘"': WA =
ST

3.2 Conconcracion vaits S
It is important Co realize that equaction (3.4) appl:.es

#

only. to rate constants in pressure independent concentration

units such as molal or mole fraction units.. These rate :

i _ constants are denoced by kmand kg respecnvely. and usmg :

25 .. z‘{ Aime

equatz.on (3. 4) we wnt&

R ’ : B R 4
s ongwry Bh BY Lor an A
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'+ If the rate constant for this reaction is expressed in e

molar concencration units (kc), then a correction term is
added co equé.cion (3.5). This tei:m can be derived as

follows (5). The moiar concencra:mn for any solute is gnren"
by equation (3.6)

LY 0d T nv T Ing BT

(3 8)

SZRLIEY Bus O on hmnk ;;;:3@?3&2‘*

TOECES BDYLD

**%K‘i@*ii welvar w4l
Firrew ol semilsy nniieviiu apelsvs Laseb ssards mows _
- Where v is the volume cf the solution and m; is the number -
- of moles of solute. .~I2.3 dilute solucion the volume of the
solution is approximately equal to the volume of .the pure

. solvent in che soluticn, thus we may rewrite equation (3.6)

to give - s oMz wimn Bt po Ba G i} &: iuw

: TEDENE S ' d§n°! 1000 S .=
R S = Y AN (3 'l) ety LL,E
B S R -i e Tstls : : .

: _ phwaty g -T?_*, b ,

s -where ng, ds, and M, are ‘.:xe -.n.mbe' aE moies. ..he dens:.t:y'.-

- and the molecular weight of ==e solvent in solucicn.” n a

: -fd:.lu:e solucion, the aumber of :noles of sol.vem: and soluce
are approximately equal te the moles of pure solven:.

:herefo:e. the mole fraction of the solute is given by

equacion (3.8).
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solu:iqn.
zf che equilibrium censtant fer che reacr.xon in Scheme
3 1 is expressed in molar *::ncen:ranon uxuts. then it :.s

e SH 7 e A
Qnren by equat::.on (3 10) E * i o La ?b,

‘ [c\l‘*[B]"---

AvIier

where cthe brackecs denote molar concencracions. This -
equilibrium constanc is related co K"’. the equilibrium

f R pmmime J&“""" B+ ﬁf}ﬁ&m ,;}\r

K$=b"’-8-- F] c&.;h«~«ﬁ£q‘3 10, XﬁEJE; Nt u-.a...d |

constant expressed in moie ®raction concentration unics, by’

G W LA S B e ékw Bk g ny ER

~ equation (3.11)

. ~x¢m,vo A v°/ *‘-é-"-_?
K= . m
(XAI(XDI Vo) (xglmlvo) s

=




" where x denotes mole fraction ccncentration.

Substitution cf squation 3.1} inco equacicn (3.11}
N : EIRTR :
_ gives

'.<+10001v° A ""'”’ a0
k= uoo S 3.
(xAIOOOIVO) (waoo;v°)...._ \ '

= bt i‘:ﬁv“f _

i

Fd

Differentiating the aatural logarichm of equa:mn (..12) R

- with respect to pressure and multiplying this resuit by -RT
- - . . L : i LI LA
‘leads to equation (3.13) S

T &Jm“:ag;’ @l ST GHEY L 3 3;’*:‘?‘3’“9" L ERE S Sl N ‘3&”3 551
3 Inke - famve w2
-R1(—"l‘i) --RT(a lrmm a-b— o

- Combination of equations (3.5) and (3.13) .gives equation

(3.:8)

. W;'xﬁLAL aP - _ _ %ﬂf‘i“ “"“ JpE

uﬁ 'g_y.,;n_w‘_l, @w o 5 ‘ i »«' '»éfx;-:.;:w o Lo, r'_ b L) 5 GEIRIICS :
- where x is the comressmxlz.ay of the pure solve'u: anci e
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| r Nbcice that equation (3.14) differs from equation (3.5} only

by the compressxbility term, and that when thls term is

»-equal co zero, as as it is for a first-order react;on. ATOHE
E%Jﬁ@“ M OEVITEn ey get meste we g me e PENIIE LT LBD S
Avgz alnkm) =—R a:nk,) — T(alnkc .16
® Jr ® Jr oP LTI

‘§?é %ﬁvimﬂﬁeiﬁﬁegﬁ &%& PRI EERT swﬁﬁ. £.X

o AR 3 47 AR - e

Lerble. Asano. and qamann (3 6) dlscussed anorher and

-

less obvious case where the compressxbzlxty term is equal to

zero. In this case, the rate constant is calculated from
molarities at one acmosphere. chus V° at one atmosphere is

>

a constant and i:s derxvatxve thh respec: to pressure is
equal to zero: therefore the compressibility term should not

be included in the activatxon volume calculation and o
ebiw e s e e s SH 0 SVREITW

equatxon (3.16) still holds

s

TA typlcal laboratory scenarxo can be used to lllustrace

when ‘the COﬂprSSlblllty term is not needed. SuppOse a T,
; second order reaction Ls scudled at various pressures. ‘and _.~"
£ samples are withdrawn for spectrophotome:ric analysis at 2

ambient press“re. Thls analysis WJ.ll glve molaf N O A

' concencratxons at one atmosphere. and thus corrections for

s
[P

o oompressxbillcy must not be used in che data analyszs.hrjh

: values for activation volumes typically range from E
%10 to 50) cm?/mole (5), and the compressibility term can.
amount to 1 to S cm3/mole, depending on the solvent used.

£
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This ie not negligible, and so improper inclusion (or.

. .exclusion) of the compressibility term in data analysis can
cause gignificant errors in AV*?% Workers in this Sield
should always check for the correctness of activation volume-f

calculations pefore using :hem for comparative purposes.

EEEE P g
3.3 Data rrumne lnd Calculu:ion of avé

‘*!0"—

: If ehe activacion volume'is independenc of pressure ic -
T is easxly calculaced Erom the slope of an ln k vs. ploc 3
e B g LM Iy he Bl

"'and equateon (3.17) _ .
R comn Ssen win #Ees ehus 81 0% 5%
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where k1 bar iS the rate constant a: amb;enc pressure.- et
B

- However, the aCtlvatlon vozumes for many reactions are
B

T usually pressure dependen:. as 15 ev1dent frem the non- ,
;exnear ty of the 1n k vs. ? ploc shown in Figure 3.1, (7).er-f"
e L: is dszzcul: to accuracely aetermlne the slopes of :hese
plocs and this dilemma complzca:es che calculatzon °‘r4@e

actxva:;on volumes.:k”he szcuacxon -s even worse :han :hxs.

because :here Ls no qnantxeaceve theo:y of che dependence of -

AV+ on pressure. S - ;' P
. NN PR R B e e w-l:} -qu\ f‘f:j; &{;ﬁﬂﬁ_ %;‘v ﬂi}é— ’ 'ﬂr% t -j:;'ﬁ‘ w?;}i # \)ﬁimﬂf
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Figure 3.1 The pressure affect on ::he thermal ;
isomerization of (2Z)-4-(dimechylamino)-4'-nitrobenzene in -
chloroform at 25°C (7). The line has no theoretical o
significance. . . *i‘imf%s; | ot Yt
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- Two mechods have been used tz determine the slopes of-'

such éurves. and hence che voiume o"f- activacion. In the

first mecthod, the siope of the In k vs. P curve at § or one L

atmosphere (for all practical work, -P=0 and P=1 atmosphere
may be taken as the same conditica) ig determined and then
substituted into equacion (3.17) To properly employ this

method., che data collection should be concencrated at lower

pressures.
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" In the second method, the ln k vs. P curve is fit to an

b gai
g LT
e [

' empirical function; he siope is then estimated by taking -

‘the partlal derxvac ive of this .uncc;on wmch respect to

pressure and evaluatxng the derivacive at P * 0 bar. This
result is then psed in equac;on~(3.17) to calculate the
. volume of activation. Asano and coworkers (5,7), Hyne and |
- coworkers (8), and Kelm and Palmer {9} have reviewed many of

these functions. Some of them are given below.
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. haﬁéiayng and coworkers (8) examined the pressure effects on

benzyl. chloride hydrolysis and used two methods of data *

analysis. The firsc mechod was grapnzcal. they ‘tock the w?“;j

inicial siope of the ln k/ki bar vs. P curve. In the second

"mechod, they fit the data t5 equations (3.18-3.22). Kelm
“and Palmer t9) analyzed data on a Dxels~Alder reaction and a

@;llgand Substltntlon reaction using equacions (3 i8, 3. 19*_

L3.21.2.23, and 3.24). Boch groups found that these ©i®

.‘%-"_ ﬁ;k&g‘;. . ¥ o »

e

this field has been analyzed with quadratic equacions e

‘equatzons gave equally good quancitative fits to the data
‘and similar values for the activacion voxumes:rhowever. chey

noticed that the quadratic equations (3.18) and (3.20) gave

somewhat smaller activacion volume values chan che other 4

"functions. This is discturbing because much df the work im

t

{references 3._4):'hence;‘many reporzed activation volumes

may actually be underestimaced. (This is assuming'the o:her,“

- equations are not overestinacing the volume.)
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Even more discurbing are Asano's findings (7). which R
are presenced irrxr‘l'ables 31, and 3.2.% These data show thac
AV vajues estimaced from cthe quadratic equacion (3.18) 4
. depend on the upper ;ressuré 'im: that is used in :‘m data
‘anaiysis. The activacion volumes in Table 3.1 are
calculated for the thermal isomerization of (Z)-4-. et
k '(dime:hylamino)-4'.-nicroarz”obenzeneﬁ in chloroform at 25°C,

and ..he plot of these kinecic data is shown in Figure 3 1 o

&
By .

519 i+The activation volumes m'Table,B;E are calcnlaced =
kEoz the Diels-Alder reaction between isoprene and maleic:

L anhydride‘£7ylﬁiﬁ;ﬁ?“¥.‘{,

S e

v Dol s E F3omdT CpieviEfe

TEosT o lgvwunn € g g :%ag*‘uz; .?ﬁi;réiﬁi:_ '
. EEE " PR S S % i «W Pmpe LR 1 -tnik wiroxih ww’w B g TR
. Table 3.1 '!'he activation volumes at zero pressure for t:he
- thermal isomerization of (Z)-d-(dimethylamino)-4°- o
 nitroazobenzene in chloroform at 25° estimated from various
equations and daca including different pressure limics (7).
m_‘ - _!
gpper . |AV¥/emd/mole | AV¥/cm3/mole | AVF/em3/mole
1’:'55‘2“"3 ed in |ESCimacted estimated estimaced Erom
dal‘é‘; used In Ero:lilr b from equation |equation
analysis/bar Zgzacigé‘;«sm.-; .(3"‘52 s e [ 13-260 0, Ao
- {3.18)
1,500 -24.6 (0.36)2 | -25.5 {0.57) -25.5 (0.59)
2.100 -23.6 (0.49) -25.9 (0.42) -26.0 (0.46)
2,700 -22.7 (0.44) -25.8 (0.29) -25.9 (0.32)
3,300 1;2.1 (0.38) -23.4 (0.27) -25.5 (0.29)
3,900 . ~21.5 (0.34) -25.90 (0.25) -25.1 (0.26)
~ %Numbers in parencheses are standard deviations. . ;
?-«ﬁ %a '%'iﬁ | rzatgcck IWRE Rt 2«‘-5(1‘ »AJ.&»&&;%?&“ C}»“‘% Hw ?E,-‘i.},@ mvdﬁ N’ﬁ»‘:‘ g

e i—!ﬁdﬁh"’% s}.i‘f:' i o ‘%*tfﬁ., e &J:s gow Lakups
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Table 3. 2 The activation volumes at zero pressure for che

- Diels-Alder reaction between isoprene and maleic anhydride
estimaced from varicus equations and data including -~ ~°

different pressure limits (7,10). soicr oo sos 80990

O g L R i

gpper AV¥/cm3 rmole | AVE/emd/mole | AV /cm3/mole
lfessureed estimated ; |estimaced estimated from
d;:;c us Ln from from equation |equation

adratic.: - }(3.28) ... (3.26)
analyszslbar Zguacion"“' _

1000 8.1 (0.57)@ | -36.6 (0.61) (2.1)

2100 -35.3 (0.77) 1-318.7 (0.88) (0.97)

13100 -33.3 (6.90) |-39.2 (0.71)

4100 ~32.5 (0.70) |-36.6 (0.80) . B
5200 -31.6 (0.6Z) |-36.7 (0.66) J-37.0 (0.69) |}

6200 ~-30.3 (0.74) 7.1 (0.61) -37.5 (0.68) I

- ®Numbers in parencheses are standard deviations.. I
A : T e el e g g R AR

RS PR L ewheer s Ay

i g

:Nocece that the activacion volumes calculaced thh che ﬁ

. quadracic equatlon (3 18) show a dependence on che pressure’

fog

‘ranges that are used in the data analysis: the volumes do o
aot exhibit this dependence when equations (3.25) and (3.26)

are used. For this reason, Asano (7} has recommended that -

equation {3.25) or (3.26) be used for daca analysis ra:her'f': ]”

than a quadratic equacion.

O
Adit "

Yet. as stated nefore. much of .he data Ln cthis fLEld

5 K

have been analyzed with a quadracxc equacxon, and the

Camr

By

T acnxvacxon volumes reported Ln these papers must be regarded

- with some skept::.c:.sm.w The daca can still be used fswﬁq“' %,

' comparatxvely for mechan;stxc inferences; hcwever. I agree :

4
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with Isaacs (2) that their best use should be restricted to

*zdxsnxnguxshlng becween mecnanzsms :hac would lead to éQﬁ

Ehe tv o

'_ac:xvanlon,volumes of opposxze sign racner than just qgz

L ersiRAg Sﬁﬂz%“ﬁc*--*

different magnicudes. - (Ui T} =fu

i ¥ et R A g b E g P i

FE

' many workers (2.3:11-15) lnnerpret the activacion .}

volume{for_g reacticn as the sum of -wo individual volume

m@},a@m e SRR

2
¥

- changes as giveq in”equa:ibn“§3227r'“:

i gy
i 5 )

where AV;nt (intrinsic vociume change) is the difference in -
the van der Waals volumes petween the transition stace and -
' che reactan:s and otzgxnaces f*om bond Eozmauxons. bond

‘cleavages. bond strecchings and changes in bond angles; and

ﬂ*AVgnv (solvatlon volume change’ is che q;fFerence xn.the |

. s ENSE : A o [

solvat;on volunes between che transizion state and the i

*reactants and orzgxnates from var:ous soluce-solven: o

S -

S e AR

incer acnons .

gl et T [ T El i SR S T E

{Some authors (2...-2) have discussed an additional
volume change, called the void volume change (AV*), whlch

oy PGS

is :he dlfference zn ane*molecular spaces tha: are occupied

by the transition state and che reacrants as a result of
" rhermal vibracions. In diluce solu:-on. AVt is though: :o

A g, Y - TR S o o ek
B R TEES D '@"3 Pt o s R P B s ’ ’W""”‘—' g
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be small so its concribution te the activation volume is
‘neglecced (3,12)F p;ahw **XQZ‘" B g BN &:seﬂ A
'L Mechanistic interprecation of AV*'is as follows; bond
formation leads t3 negative volume changes,:bond'cleavage
and sctretching lead to positive volume changes:*chargsﬂﬁ?
- formacion leads to negative volume changes, while charge :
dispersion and charge neutralization cause positive volume

‘y¢changes. The overall volume of activacion is the sum of -

volume contributions from all the evencs thac occur during

‘the formacion of the transition state from che reactan:Sf-;}
@ﬂf 4 'Activation volumes for some common mechaniscic events
are given in Table 3.3 (4Y. These are only averages. and
“‘given the discussion in the previous sections,” che*“*?»ﬁ“
magn;cudes of the numbers may not be very accurate.‘ﬁ,ﬁ?“ Jﬁ@
N I N TR L LR el gy tmning To e omampr e eii st e ;;;s,,
&

Table 3.3 Activation volumes for various mechanzscxc
features{d4).

Mechanistic €eature muiv 3 concribution TO v oo WD
| ' AV¥/cn3 mole-l
Neutralization _ ; : 20
Bond cieavage ) ) 10
Charge dispersion _ 3
Bond deformation | _
Cyclization E ) o 3
Displacement , |
Charge concentration e T
Bond formation e -1C
Ionization -20

-

. : “ :
3 i K .
R P T TN - S




. activation, and may even be more imgortant than the ipa:

. _intrinsic volume change.

“?¥,The reaction is shown 15'3cheme.3,2;¢s

CEA

Solvacion can contribute greatly to the volume of ;5-

This was sncwn by Hamann and

_ coworkers, who studied the SNl solvolysis of terc-bucyl .

In this scheme, the C-~

€1 bond is strecching thus increasing the volume of the
7{ transition scate relative to the,reaccan: volume and thereby

“-i:increasing_AV;: however, the volume of activation for this

" reaction was -20 cmi/mole. This result was explained by an

_electrostatic actraction of the solvacing molecules to the
- cation-like transition state that caused the solvaninguqﬁ;'“

. molecules to form a dense arrangement around the transition

- state, thereby reducing its volume.. The volume reduction

. s

'ﬁwn C!;'CCI

M&»mmwwm&\ I, e M S P AN wma-‘é_,

AR e

" caused by dense packing of solvent molecules around a ion or

dlpole is called electros:r;cczon.m iamann s study showed
the importance of the solvation volume's contribution to :he

actxvatlon volume aad in a broader sense; " :he 1mportance of

solvation effects on chemical reactions. NG
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+gr75% Another interesting phenomenon, attributable to - :
solvation effects, is the solvent effect on activaticn

volumes. Volumes cf activaticn for a Menshuckin reaction

~ are presenced in Table 3.4 (2) Lt

el

| Table 3.4 Soivent Sffect on  the Volunes of Activation for a

feTe
S Henshuck:.n Reaction (2). - ' ia e
SRR mh o D mnloe owe wl. BEOBR PR e 3*’*’ Lo I
8 sty mlow bas om0 L e e e ena SIOE
o ='z:1N + EpI  — Et.;N" - I -
Solvent Av / cm3 mole-l
| __Aqueous Dioxane T -13
& . . e L g . -
¥ethancl =38
Nitropenzen =30
Acetone -54
3enzene =50
Hexane =38
SR T SF BRIt N S G R e
P ﬁ:!'iI!!il e L e s e P’**w “ﬂl“ i o e ekl G %
The magm.t:ude of the volumes increases with the . @;

gﬁm nonpolancy of the- solvenc because the ‘electric field around

. an ion decreases less rapidly wu:h éistance in a solvent of

.. lower dielectric cons:anc.~.;nan it dces in a solvent with a

__ higher dielectric constant; therefore, the electrosctriction

is greater in solvents qﬁ' low dielectric constant than in

L2 S S R

‘solvents of higher dielectric constant.




DR R .. These data are also consistent with the Drude-Nernst

equaz::.on tequanon €3.28) ], w»zg»: g

: ; R ol e e i L B ek e e, e | e g i o a3 My
ﬁ:;‘jm%ﬂf f gk s gt g ony _”',3 - WO NS D BERLLON e RS oY

2 . . . g
- AV 3-(m)7 -&T('ai 03.28) sanmey g ’@"15;

~

% Vwhere AVy is ‘the’ vomme change mduced by eleccrosv:nc:mn .

' of solvent around an ion, ze is the tocal charge on che ion,
g€ is che dielectric constant of che medium, and r is the

S ;m@vicnic radius. -Values for —5,—(-3—%) were shewn by Hamann to

IR S

:-* §

Bioagsi e B “Wé' 7 .
' mc*ease in gomg Erom wat:e" t:o less polar solvents (17)% .
th:.s Emchng is in agreement: w:.ch the acnvacmn volumes in
“"Table 1.4, which show some eleccrosr.r ::‘ve effeccs. Values ;

v of "*(g;) for“war,er,'”_‘mechanoff‘"echanol_.'and acetone are
."Fv'uwwﬂv:—« : o : b ‘ e .

presented :.n 'rable 3 5

A

b g

¥ Y

- it R AR R

" pable 3.5 Values for é—(g:) ac 1 bar and zs c an.

201,
32.4
- 37.6

59.1
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The last topic to be dlscussed in this section is the

relationsh1p between the entropy of activation, AS# and

AV*. These might be expected to be related because events

which increase freedom of motion or disorder in the system
~cause an inérease in ASt and they_also usually lead to E'U

' increases in AV¥. For example, bond stretching and bond

cleavage would allow for greater motional freedom and thus

~increase AS¥, and, as shown in Table 3.3, these events also o

increase the activation volumg,;"Formacion of charge in

going from the inicial state to the transitcion state creates
an ordering of solvent molecules around the transition
scate, .and thug decreases the order-ia the System, thereby =

lowering Asi: these events are associated with decreases in

AY* as showh in Table 3.3g.;Thg opposite processes would

- lead to opposite effects. Such correlations have been ‘'
‘.observed for entropies énd-activation volumes of inorganic
chemical reactions (18-20),“Eut van Eldick (3) has warned

that there are also many exceptions to this general

.s-;},- -
correlaczon. He and his coworkers conclude that a large,

posi:ive encropy of activation will generally correspond to

larqe. positive volume of actxvatlon.
- g E R et &'p;- a«&# e - ‘15'&,11'-’ 5 E s P B8 3
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. Chapter 4 lxpo::lmnnl .g, fsnﬁ‘mg;“ 5 .

4.1 laecriazs

s

. fM * . The organic cosmvem:s; ace:om,:-:-.le._ 1 di.c‘ixihe.;. ethanol, -
' pethanol, 2-propanol. l-propanol. 1. 2-echanediol techylene
glycol), and 1,2-propanediol (propylene glycol). ‘used in’
- these studies were of HPLC grade and were obcamed from EM k
n 5c1ence (Gibbstown, NJ). g mNAE s agalrans ety
pistil led. deionized water was cm:amed from an m-
house Sybron-Sarnstead XCS water purificacion system which
i consisted of prefilter, organic, ion-exchange. and -
microfilcer (0 2 um) cartridges (Barastead Co.. Dubuque.
_ . 1-alanine was puréhaséd from Aldrich Chemical‘to. ; :
" (Milwaukee, WI) and was recrystallized from 1:1 echanol-
L water solucion. I-leucine (39%) was purchased from Aldnch
g _Chemcal Co. and was used as received.
” Sodium hypochlorite soliution . (5% minimum concentranon)
7‘ was purchased from Aldrich Chemical Co. The solucion was
grandardized according to the procedures given in the
Nacional Formulary XTI (1). .~ . S
P  The following salcs were purchased from \(a].lmkrcd:
8 :(Pans. KO .
- Sodium aicarbonat:e (NaHC03)

- sodium Carbonate (Na2C03)

Sodium Phosphate, Dibasic (Na2HPO4) ;




f SQd:.um phosphate, zionobasxc (NaH2PO4) ° erT YW hw-'?

Sodium Chloride (NaCl) &% '**@., e BET | ADRIE Z“‘}r* P

s::d:.un Dichrcmate (N32Cr2071 e f:-v: CBernad L:? B BIMNRREAY

- Sodium borate, decahydrace (Naz°401-m HzO) was -

purchased from Anachemia LTD (Champiain, NY¥{ 9" GREEE

Sodium Thxosulface. (Na3S203) was purchased frcm Baker

and Adamson {Morristown, NJ).bif 88w enil anidndl ?-?5#593 ey

_ All saits were of analytical reagent grade and used as

"-,r:,

received. sepderr vt i 'aizf,tt‘f s ﬂs; catrany B & DEmroslioD

. Starch TS solution was purchased from Aldrich Chemical =

~eims Mok BH Sﬁuuiﬁ:: B

Co. {(Milwaukee, WI). . Issuges? ;B—l ne faTonE ke I C

REF

4.2 ‘p’“‘gu' ‘- %ww*&aﬁﬂ .
A Hicachi U-3000 spe_c:rcpho:omecefirich circulating
7 water cell comparctment. (San Jose, CA) was used for all race
K ,constant dererminations at atmospheric pressure. Temperature .,
was maintained co 25 £0.1 °C wich & ‘Polyscience Model 9100 -

' (Niles . IL) refrigerated circulacing water bach.

1.00 cm, quartz cuvettes were used for the ¥ oF -Finale

~ gpectrophotomectric analyses.i!sInc ﬁ%*ii‘ & mad *3"3
-5 ¢ The pressure.effect studies were conducted wit:h the

following equipmenc;_ Pressure was generaced by a mocorized
 and aucomaced piston and cylinder arrangement that was' gt o
5. .connected to & Gateway computer (North Sioux City. SD)} - viar

a computer controller from Advanced P*essure Products -
. (‘W e ; ) .




{fthaca, NY). The éoucreuer requlated the pressure to £ 2 % ;
3 during each study. The system was connected £O 2 nigh .2 |
:"'-:'.:ressur'e cell £icted -éi:h sapphire windows purchased from . T
SLM-Aminco {Ithaca, N¥Y):* A Gilford ﬁodel:-240 amaa S
' spectrophotometer was used as the light sourcé and was . -

.3 ;;_acgd' in frenc of che pressure cell.:. An end-on o

chotomultiplier tube was placed in £ront of and connected =

- gpdirectly to- the opposite window.. PMT voitages were:

collected and manipulated by an QOlis s;:ectrophocomec;ec:;ﬁ:_
e Operating System {Bogar:. GA}, where the absorbances were

" calculated and stored on a computer. . fii . smigwi Jﬁ ;-'

4.3 Pprocedures i &JJ&&#%@%\% . 1

| '4 3.1, Preliminary Studies =~ .sgga UFL1-U dosnl g *

. . All preliminary studies were conducted in fully aqueous

‘ 4+ Solucions at ,257(:-\ .The solution conditions. for each study
L are presented in Table §.1.of Chapter § Results. Typically,
- each experimental solution contained 0.01 to 0.03 M 1= ;‘W& : "
' alanine. To initiate the reaction, NaoCl solucion was 0 g'-

‘pipected into a flask containing l-alanine solution. The*

flask was swirled to form N-chlorocalanine im situ.:Alanine

. was present in a 5 to 10 fold excess over NaOCl to avoid.

forming the dichlorinated amino acid.- An aliquot of chis |

.solution. was piaced in a cuvette and the absorbance decrease

ac 253 nm was monitored to determine the firsc-order rate
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" constant for N-chlcroalanine decomposition. The results of

»these studies were in agreement with® the results of studies .

5=/ condycted Dy other workers (2,3); specifically, that che =

‘'reaction rate was insensitive to solution pH and ionie ~

- #U"gerength and these soiution conditions did not require any

a

el adn o dn e

control. = These experiments revealed that it was noc ¥
necessary to add buffers and salcs to the aqueous-organic
* binary cosolvent solutions used in the solvent effect &°

e
¥

L e ok . e M -
ES - SR T+ | e i

s 5

studies. A SCTIULOR. D ITDE T

PR U DR TURR SRR G e i it i iy b v e o fy :
GO D amiln BoR L BasDY wmingneles Lp ool OF

wsw "4.3.2 Solvent Effect Studies:lv Lzilsgiy waw noilulon

A given volume ¢f organic cosolvent was pipected into .

st "each of three 50.00 mi volumectric #lasks, and the weight of.

~+’ghe organic cosolvenc was recorded. _‘»One of the flasks - | B

' labeled "amino acid®; & second flask was labeled ' -*NaoCl<,
and the third was labeled “spectrophotometric blank*. 'K

L-given quantity of alanine or leucire was weighed into the

asreamino acid® £lask, and che weight of the amino acid was

~recorded..’ The three flasks were brought to near voiume with "

- water, and the weight of water added to each flask was '+ -

recorded. The flasks were sonicated for 1% to 30 m’.nut:es'r :

and chen equilibraced to 25'C. After equilibration, che '/

;. -~amino acid® and che “spectrophotometric blank* flasks were

'+ brought to full volume wicth water, and the weight of this

‘additional water was recorded. ‘A given volume of NaoCl'* = =

P
LA

Sy
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.absorbance decrease, corresponding to the decomposition of

120

& solution (typically 0.3 ml) was pipected into the *NaOCl®
: ' . Elask and then this flask was brought to full volume with
e water. : The weight of water and NaOCl solution was recorded.

. The aming aﬁ_id concentration was usually between 0.06 and

| ) ,‘003 M, and the NaOCl concentration was usually about 0.006 Lol

: Lk E i e S ot By i - s i s e § e . . ’
M. TRGE BRW LD SR Sl BRURT ORIME Ry sperlt o lumunes -

" 5i4ep The spectrophotometer was zeroed with the . s-uuner

' +spectrophotometric blank".solution. - To- initiate a study,

8 ', 10.00 ml of the amino acid solution was pipected into a;
© 50.00 mL erlenmeyer iask. and then 10.00 ml of the NaoCl
solution was pipectted slowly into the flask. The flask was.
g swirled during this process to assure proper mixing.
- (Assuming the chlorination reaction went to completion, . the
. ».intial concentration of ¥-chloroamino acid in the reaction
- ‘solution was approximately 0.003 .} An aliquot of this

.+ solution was then transferred téﬁ~' cuverte, and the - &

= the N~chloroamino acid, was recorded over time. Data points

RELTF A

R - were recorded at equal intervals for atc least three half- o

- ¢ lives. . All studies were carried out in- triplicace. .s,,é;};

ST

U N KR : B et Laap s i SR POV SR - R i
SRS RLTRER W G5 S R #‘%;“}’,’3’ SEEYE Wty RRBE LT O Lo
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v 4.3.3 Blank studies . .4 . i: g3 Bessudlligpe rads Pns

" wis g TO assure chat the N-chloroamino acid was not reacting

R

”f' -+ with the organic cosolvent, the following two studies were

| - performed. . A 0.006 ¥ solution of NaOCi was prepared in .a
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50% v/v. solution of the organic cosoclvent. The solution was
:"assayed spectrophotometrrically; a decrease in the absorbance
at 294,nm¢ the anaiycical wavelength of NaGCl (4), indicated
.chac NaOCl was reacting with the organic cosolvent (probably
via an oxidation-reduction reaction). Because the N-chloro |
group is also in a -1 oxidaticn stace, a second study, , .

" described in the next paragraph, was performed to assure
| that the N-chloroamino acid was not 'eaccxng with the |

| | -organic cosolvent. Thuae oo :1":";“.44 Fyge P At
v£ .&n. che seccnd scudy, . 2 soluc-on containing equal |

~ concentrations ¢f :ke N-chlorcamine acid and organic ...
cosolvent was prepared, and che decomposi:ioggof the N» -
qploroamino acid wés :nonicored.1 X& the N-chloroamino acid
reacted with che organic cosolvent, the reaction would not.
be unimolecular and deviations from Eirs;xorder kinetics
would be observeq. Though the alcohols and dioxane did react
with NaOCl, .the séécnd-sCudy demonscrated thac dioxane, .,
mechanolmyz—propanol.we:hylene glycol, .and propylene glycol
u:dzd Rot react with N-chlorcalanine and thac mechanol did noc.

' reacc wich N-chloroleucine, . Bepis @ﬁ@'&"**“@ tﬁ‘i o

ﬁ ule] f“**i*"** HEe BTy r’;;w;wjé Bron spisses ol y sid Aviw _

Ml J 4 Effect of Ulz: Ta-Violet Radiacion on the Decomposition
of N-Cbloraalan.ne. sk saw 1ien ﬁfwa whien sl o

To assure thac - lt-a-vxolec radiation did not affect

_the decomposition,ra;e of N-chloroalanine;-; solution of N- -
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““chloroalanine was stored in darkness and cnly exposed to-

#%light while absorbance readings were taken. " The results”

~= from this study were compared with Eﬁe»reSults from‘othéf_' "
{:C gtudies 1A which the solucion was exposed to UV radiacion

throughout cthree naif-lives of deccmposition.” No & &4V

significant differences wers observed, indicating that UV e

light at 253 nm did not affect the rate of decompositionf‘
CUERTHRIW RaITOSEY TON 8w DIDS animponslas-doaty gﬁ@f -

4.3.3 Pressure efféc: studies  1“3§%?£Q%%3 ?jﬁg%ﬁ$' -

- 'AlY pressure affect studies were conducted inﬁfully’_'f
aqueous solutions. The alanine studies were conducted at}'Q <V
26°C, ‘and the leucine studies were conducted at 25°C. A~
0.06 M solucion ¢f cthe amino acid was prepared in a 50.00 ml
volumetric f£lask. In a second 50.00 ml volumetric flask, a
0.006 M NaOCl solution was prepared. Both solutions were /ut.'

~+#degassed.™ To initiate a study, 2.00 ml of the amino acid
solucion was piperted into a $ ml Erlenmeyer flask, then

472,00 ml1 of NaoCl solucicn was Slowly pipetted inté"thé‘?$  f ' 

?ﬁﬂfiaski“”fhefflask was swiried to assure proper mixing. T

td

A 3 ml syringe was used to £ill" the pressure cuvetce

with che N-chloroamino acid solution. Care was taken not to

e, vy
¥y

incroduce air into the cuvecce.” The cuvette was placed in
the cell, and the ceil was closed. ' The system was
pressurized using ethancl. 'The reaction was followed for at

~ “"least one-half life; however, when the pressure fell below
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2% of its inicial value, the biScon motor aucomactically

;'ergaged to re-estabiish the pressure. This would often

g

cause °spikes® in che absorbance versus time curve. To
obtain a smooth curve covering a considerable time span, it
was usually necessary to foliow the reaction for two to _'7
three half-lives, aﬁd the smoothest portion of the iil08

absorbance_versus time curve was used to decermine the rate

-constant; typically 9.5 to 1 half-] lives of "spike-free* data

~could be collected : ;%;i*;’!uw;, '
4.4  Calculations o ,
e
4. 4.1 Rate conscanc ualcaiac‘ons N , o .
A e [ Kl i g B SO SR

The fzrst—orue: race ccnscancs for soivent effect and

pressure effect studies were decermined by plotting the_5 ;'

solution absorbances at time = ¢ against the absorbances at

a later Clme c + At. where At is a constant :1me xncerval

Thzs method of analyszs was developed by Kezdy and coworkers

(5). (See Fxgure 5.; in che resuxbs section for a cypical

-plo: ) The race ccnstanz, k. was calcula;ed from the slope

of this plot using equa:xon (4 1),,

shn D Rl Levaz %‘fz:ﬁii;’f = o
Beparirosbnasd aft onl - a sl f@@; SRRt T ,11 s Y
: - - k= _OE - (4.1) . .

B :“fim@ B L A‘m-aﬁvfgw Secd e Do Do
where At is che czme zn.erval between absorbance readlngs.

At was usually becween 0.25 and 0.75 of the half-life.

. ,>   ?:_‘
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4.4.2 Mole: fracticn, of Organic Cosolvent. in Reacticn #i
| ¢oluczcn o A0 9"&.::*"} me;‘.. :—fs“ ‘;;e-;? page-el ﬂ**‘ BepEas :
_ f“ The mole frac:;on of zrganic cosolventc:in the reaction
A solution, X2 X2, was calculated from the average weights of
' water and organic cosolvent in the amino acid and NaOClL
‘solutions using equacicn (4.2) .2:i: %::;.:m_ in sl meris

Cgney edd mromestab a3 el o mm®oemie guwasy cawstzonde
o S (A+B)/2 : '

gl reerloara 0t T 0 T oA s BT el o ooy s UARIRROn T
St SR 2TA+BI/Y D+EBY/ 2 o R :

-~ C 18.016

- | o 'ﬁ@:z‘-‘:&@-ﬁzﬁ&?:‘.aff;t»;‘z.f::é”::' R YC
. where: : R T -

. A = the weight of organic .,solven: in t:he 'amn.r'o ac:.d" :
S i Ve e ofME  EUL BT Bl HIEED TR e e S
flask:; '

B = the weight of arganic cosolvent in the "NaoCl® solution-

~ flask; S

L LA J,"«-‘»é*. B 3 o

‘€= the molecular wezght of ..he organ:.c cosolvem: used in
R 3.7 Lo P g Gle gl e L R LTINS S J%m LT

:‘1e sz:udy.

'D = the r.ocal we-grx.. of water auded co r.he 'anu.nc aczd':

ERETRE - v PR SR S We e hamiod SR e BE D e s L y‘-%&a%"é )

solution flask: '- ', | o e

E = the total weight of Qait:e/rfﬂédded':aéné”‘NaOCl"'"'f';dh;:ion
“ flask, including cthe weight 2f water in the standardized |

NaOCl solution; the weight of NJaO(‘.‘l; in this solution was

E "V';':}rieqligible'and was not subcracted from this total. “ o ¥

s b-iad adrote BT U Lo oV 0 namwsgn wilsieoy wie 2A
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'i where a and b are adjuscable parameters. The volume of -

. activation is then calculaced from equation 4.5)°

“ 4.4.3 Calculacion of dpAG*-"" o ROl f

the solvent effect on the E*ee energy o‘ acz:vatzon was

CETEG BT mh L meenoTi e
calculaned wich equacxon (4.3), 578 &0 sk e R

FREULE 13 il

SmAG"’ = -kngn(kI kw) {4.3)

CreLdy o g M:ﬂm; _

where kg is Boltzmann's constanc, T is the remperature, k is-

the first order racte constant for the reacticn in the

~ aqueous-organic cosolvent system, and ke is che first order

rate constant for the decomposition in the fully aqueous

! R
system. o : ‘ - ne
el e sk ¥ V’"’ﬁ.ﬁ MBI LB e oo "‘ -
R N ] ‘:ﬁ‘d L7 j-u O R I g‘“ BT --.i£f- | e
~4.4 4 Calculacion of . “e Volume cf Act vaczon, dv‘ '$§}

To calculate the volume of act-vacxon. a ploc of

‘f’{..

P ‘ - " - ' dd
~conscanc~at ambient pressure. The data were £it -a ?”"

G

B

Av*;.‘g‘ra "_ ;., (4.5)

J, ‘
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ﬁu e - e | cun ST G
.. Fits of the data to three-parameter equations such as
& equations (4.6) and (4.7) [from reference (6)] were |
| unsuccesstul, 'a‘s the paramecer estimates were highly. fﬁ e

- correlated and sensitive to starting values.

o &} Cofgd T ‘-::i.'?’g;«%'wx 3?’;5,;@1‘
Ink/kqpar =aP+

(4.6)
I+¢P

D # % L araEts JRE i % s ”m:w,;’ Jﬁ’xﬁ!ﬁii“ﬁ gL g}i - r :
efy r .l”k’klbt”“!"*'bln(l*cp) o snm g o (4.7); arly

- mg&ug 3% m}:i, amr dd w:*i(’.i“" % fiﬁ%v"' ms‘ m‘a 'i"fﬂ&‘f«:« o Ev-;wfé?%? E
S o s SRR O F VR R A s"‘mfﬁr ESTES L
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Chnpt.r S  Results '

;-In this chapter, results from the solvent effect and S

' pressure effect experiments are presentad;”

Section 5.1°

~‘contains kinetic data Erom preliminary scudies, -

Sectxon 5.2

1 from the solvenc effect rate studzes. and Section 5. 3 gives-

IR i ».«;W@w;"-arégn e

.m R T

! performed in fully aqueous solution at 25 £ 0 156"

Fakuls) 5

= ;A.q."a;;.-;

. the parameter values obtained by fitting the kinetic ra:e
i.data to the Phenomenological model. (equactions 1.63 and °
..1-64).

. Sectlon 3.4 gives plots of the data and curve flts

*,generaced from these models. Section 5.5 contains che

L T

: results from the pressure effect studzes.f"

I e wc

5.1 Preliminary studies ;mi ’ . -
“ Table 5.1.1 provides a summary of various prel;mznary 7:. 
‘studies that were performed to investigate the effects of
‘altering the teaétion“solution.couditions;f}hll studies were

The ra:e 2
.

conscant was not significantly affected as solutzon

condicions were al:ered. in agreement with results repor:ed

~in :he l;caracure (1 2). ‘some of whlch are also g;ven in

Fxgure 5.1 shows a represen:a:xve plot of che f“f,r %“

absorbance of thhloroalanlne agaant time. In Figure 5.2 a

N

fzrst~order plot of the data is presented, and in Figure 5.3'.-'..
the diaca are plotted according tg the method of Kezdy and |

S I 0

coworkers (3). Nbcxce thac both methods give the same race =

e

Wi e ik SO R L T W’— Gt AN

" constant.” ™

1ot it B

SR LPEY J.?”” e 4
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Tl gag‘&‘ L s s}mﬁ? _
. “PTable 5.1 =rel:mxnary data summary All studies were
. performed ac 25 C' BIEEE T §§ﬁ~§4mm&liﬁﬁﬁf'ﬁﬁ%?%§ f A G
————-—-———————ﬂ-——u—-‘
Solution conditions pricr to start xa.b Notebook
s e g
of reaction; pH values were ~ ~ |/min~l’ Reference
measured upon completion of the I f wwuiuyv T Jrwiasl S
M
0.08 M phospnate buffer; pH = 6.69 |0.0150 36c-123
0.01 M alanine; 0.001 M NaOCl :
0.08 M phosphate buffer; pH = 6.9 0.0158 36¢c-~127
10.03 M alanine: 0.003 M NaOCl
0.08 M phosphace buffer, 0.0154 36¢c-132
pH unrecorded RS N BT i e T
0.03 M alanine; 0 003 H NaOCl
0.3 M NaCl -
0.03 M alanine:; 0.003 M NaOCl: 0.0152 40c-129
solution was met exposed to UV *% | - ..o ] oo
radiation
0.03 M alanine: 0.0G3 M NaOCl 0.0154 40c-128
ladded
0.08 M phosphate auffer. 0.0153 36c~-137
pH unrecorded P e e g
0.03 M alanine; 0.003 M NaOCl SR ATLNEE Bt e
0.3 M NaCl; Soiution was not N
exposed to UV radiacion : ‘
0.08 M carbonate buffer; pH = 9 51 ]0.0151 ~ {36c-149
0.03 M alanine; 0.003 M NaOCl L o
0.3 M NaCl
0.05 M phosphate buffer; pH = 6.79 |0.0141 36¢c-153
0.03 M alanine; 0.003 M NaOCl 0.0152 36c-157
0.01 M phosphate buiffer; 0.0134 - |36¢c~-160
pH unrecorded . ' 0.0151 , }37c-12
0.03 M alanine; 0.003 M NaOCl 0.0130 37c-13
Self-buffered sclucion; pH = 8.3 = |0.0150 . |37¢-13
0.03 M alanine; Q. 003 ¥ Naocl 7 10.0150 7 |37c-16 ¢
T e S e o 0.0148 37c-17
' ' 0.0148 37c-18
pH = 6.85, 0.01 M phospnace = 0.0160 Reference
buffer, 0.5 M ionic strength {0.00012)31 (1)
pH = 7.0 phosphate buffer . 0.0180 Reference

. @ gtandard deviation
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L Figure 5.1' A plo:. on ‘ébsox"\:bjaf;ce {253 nm)' againsc time for

- che decomposition of N-chlorcalanine. The study was

: conducted at 25°C in a pH 6.69, 0.02 M phosphate—buffered:
 solution. The initial concencration of alanine was 0.03 M,

- ,g¢oand the initial concencracion of the chlorinacing agent.’

' NaOCl, was 0.003 M. The moiar absorptivity, esctimaced from

~ che inicial concentration (0.003 M) and absorbance reading |
.3 At time = 'O»ninu:es. is 370 L mole-l em~l. Metcalf reported

. a value of 385 & mole-l em-l (4).

-l
k4
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_Figure 5.2 A first-crder plot of the data from Figure 5.1 -

.{decomposition of N-chlorcalanine). i The rate constant is

0.0158 min-1. The study was conducted at 25°C in a pH 6.69,

" "4+-0.02 M phosphate buffered solution. The imicial = LR '

' fﬂ'concencrat:ion af alanine was 0.03 ¥, and the inicial ern

.=« concentration of the chlorinacing agent, NaOCl, was 0.003 M.
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Figure 5.3 A plot of the daca in Figure 5.1 according to
the mechod of Kezdy and coworkers (3). As described in B

Chapter 4, the absorbance in real time is plocted againse

the absorbance at some later, but equally spaced, time

. interval. Notice that using different time intervais does

_not significantly affect the value of ;he rate constant.
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5.2 Solveat Effect Studies

In this secticn, the data from N-chlorocamino acid

. Studies are presented. Al’ s:udxes were carned out in

cnpllcar.e Alunless Vcherw:.se not;ed) and all scudles
conducced at 25 :t 0

were

.2 %, 'i‘he numbers in parentheses are .

: _":f. v .Standard deﬂatzons.*t‘ x‘ % \ ,_j [F L
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Table 5.2 Solvent =ffect daca for N-chloroal

- decompesitcion in aceconitrile-water binary cosolvent

me ey

SR fe B - R Erub whesia Ay

£ -
& SN
e T BAETH mpe s s D m b gl wy

anine

syscams. :
X2 Voiume ([Weighc ight SnAGH
s - lpBrCent |of . / 10-20 J
gosc | [ozsante
0 0 0 0.0149 0
{0.00017) [ (0.0066)3
0.0213 6 2.3392(47.1783] 0.0197 -0.115
(0.00037) |(0.0090)
0.03615]10 3.3772 [45.3547] 6.0246 -0.206
{0.00027) | (0.0065)
0.05214 (14 5.4494143.4759] 0.0312 -0.30
(0.00074) | (0.011)
0.0778 }20 7.8271140.6229| 0.0421 ~-0.427
(0.00037) | (0.0059)
0.1255 |30 11.7158|35.8281] 0.0706 -0.640
(0.00072) {(0.0063)
0.2807 |40 15.562030.9746} 0.117 -0.347
(0.001) (0.0059)
0.2073 |44 17.1933128.8609| 0.131 -0.894
(0.0023) ](0.0086)
0.2468 |s0 19.4137(25.9981] 0.176 -1.0154
(0.0032) |(0.0088)
0.2793 |54 21.1045(23.9034] 0.196 -1.060
(0.0038) 1(0.0093)
0.3267 |60 23.3229121.0949| 0.263 ~-1.18
{0.0081) {(0.014)
0.3685 |64 24.9538(18.7678| 0.321 -1.26
(0.0069) §(0.010}
0.4308 }70 27.241:1|15.7954 ] 0.41¢9 -1.372
; {0.0025) (0.0053)

‘2 Calculated by standard propagation of errors
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Table 5.3

Solvent effact daca for N-
decomposition i

n dioxane-water binary

chloroalanine
cosolvent Systems.

X2 Volume |weigac Weight |k min-i SmdGH#
- Percent |of of o lr10-20 &
e | (POSE  |Organic Water/g} Y
g mj_xj_ng) /g . T s

(0.00017) }(0.00656)a

0.0132 6 3.0999 [47.5542 0.0198 -0.117

‘ (0.00015) 1(0.0056)
0.0226 10 5.1217 ]45.1706[ 0.0256 -0.223
: ' {0.0004) 1¢(0.0080)
0.0330 14 7.2131 [43.239 | 0.0322 -0.32
‘ (0.00079) l(0.011)
0.0493 20 10.2724 [40.4385 0.046 -0.464
(0.00066) ](0.0075)
0.0492¢0 20 10.2372 [40.4504 0.045 ~0.45
{0.0011) J(o0.011)
0.0815 30 15.4639 35,6385 0.0876 -0.728
{0.00094) [(0.0064)
0.1198 40 20,3722 30.9125] 0.154 -0.960
{0.001) (0.0054)
0.1683 50 25.7385|26.0050 0.28 -1.21
{0.017)- (0.025)
0.1905 5S4 27.7491[24.1034| 0.38 -1.33
(0.011) {0.013)
0.2307 60 - 130.8741 21.0517| 0.4945
— (0.0005)
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| Table 5.4 Solvent effect data for N—chloroalanine Foises: T
decomposition in ethanol-water binary cosolvenc systems. -

X2 .. |Volume [wWeight Weight |x/min-1 SpAG# .
. . |percenc |of of L y1pm20 5 i
g | tpost  lorganic|water/g LT 21 ¢
1 - mixing) [/g ~rngne |Molecule o
=
'ﬁ o . 0 . 50 0.0149 g &
' (0.00017) {0.0066)2 '
~ 0.0190( ¢ - 2.3399 {47.:077 0.90179 -0.075
' —110.0005) 1(0.0012) |
" 0.0328]10 3.9173 [45.237 0.0198 -0.12 ,
: {0.00062) ] (0.0147) B
™ 0.06%9(20 - 7.8314 [40.7823 0.026 -0.23 &
' (0.0012) ]¢0.020;
™ 0.1131]30 1.7938(36.190% 0.0368 -0.37 ER
: (0.0008)_ f(0.010) i
™ 0.1624 )40 15.6650{32.3971 0.051 -0.51 N
' {0.0015) (0.013) ?g '
" 0.223 |50 . 19.6350)25.7623 0.073 -0.65 -
(0.0055) _}(0.032) i
0.2984 |60 23.6225(21.722¢ 0.096 -0.77 3
' (0.0031) (0.014) %
' 0.392 |70 27.4689)16.6639 0.131 -0.89 o4
_ (0.0043) }(0.014} >
a Calculated by standard propagacion of errors.
X & Pk 3o ,.;_f!,
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' Table 5.5 Solvent effect daca for N-chloroalanine “*% -
ethylene glycol-water binary cosolvent -

G

aﬁt-:‘m: '.'53:<‘ ﬂ#'ﬂ‘b":'m .r.%:'«:-.- e

" decomposition in

x2 |volume jweignt |[Weignt |k/min-1 SnAG*H
{ ;. [Percencfof et A 0-200 3
7 | (post Organic|Water/q | e -1
i mixing) /g . e o | MOLlECULE
0 0 0 50 _  10.0149 0
' ‘ (.00017) ](0.C066)3
0.01301} 4 2.1779 |[47.9375]0.0155 ~0.018
(.00021) 1(¢(0.0073)
0-0342 |10 5.5012 {45.12070.0171 ~-0.057
: (.00022) ](0.0071)
0.0728 (26 10.9022(40.2387 }0.0203 -0.127
(.00029) 1(0.0075)
0.1183 (30 16.3223135.5904 {0.025 -0.21 : .
{.0012) {0.020)
0.1724 |40 22.0045(30.5349|0.0301 ~0.289
_ (.00053) 1(0.0086)
0.238 |50 27.4256(25.7648 |0.0372 ~-0.375
(.00049) 1¢(0.0072)
0-3131 160 132.9754(20.5359[0.0471  |-0.473
(.00071) 1¢(0.0078)
0.4151 |70 38.3281(15.7560]0.057  |-0.55
(.0013) (0.010)
0.5465 |80 44.21649|10.6394 |0.072 ~0.85
_ (.0039) (0.023)
0.71921}90 44.6230|5.6238 |0.09 ~0.74
(.0021) {(0.011)

2 Calculated by standard propagation of errors
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" Table 5.6 Solvent effect data for N-chloroalanine « '“®7 =

any

decomposition in Z-propancl-water binary cosolvent systems. -

N T

@ calculated by standard propagation of errors

‘**m-—- S Mg
X2 Volume {Weighc |[Weight |k/min-1 SmAG? :
i Percent {of of ‘ = /10-20 H
£ o5 (post |Organic |Water/g| +i&: o -1l
mixing) | /g Molecule--| .
0 0 0 50 0.0149 |0 :
(0.00017) | (0.00664)2 !
0.00475] 2 0.7797 148.9798) 0.0156 -0.019 §
(0.00017) { (0.0063) ;
0.00954| 4 1.5433 |48.0374] 0.0164 -0.039 i
_ {0.00023) | (0.0074) 5
0.0145 | 6 23132 |47.1067) 0.0171 |-0.057 | |
(0.00032) | (0.00900 7
]10.0248 |10 3.8513 ]44.3356] 0.0192 -0.104
({0.00034) § (0.0087)
0.0305 |12 4.6573 }44.4010] 0.021 -0.141
(0.00041) | (0.0093) 5
0.0363 |14 5.458 43.4975] 0.0208 -0.137 3
(0.00023) | (0.0065) i
0.0479 |18 7.3047 ]41.7159| 0.0264 -0.235
{0.00024) | (0.0060)
0.9539 |20 7.7624 |40.8797| 0.0272 -0.25
' {0.00077) ] (0.013)

- §0.0672 |24 4.6787 |[19.568 0.0326 -0.32 _
' (0.00076) | (0.011) i
0.2879 |30 11.633 |36.2758] 0.0425 -0.43

(0.0016) (0.016)
36 7.0036 |16.7263] 0.054 -0.53
(0.0015) }(0.012)
0.128 40 15.3042[21.5326| C©.065 -0.61
(0.0021) }(0.014)
0.148 44 8.5418 [14.7599] 0.074 ~0.66
: (0.0022) (C.013)
0.18 50 19.4730}26.5143 | 0.085 -0.716
. {0.0017) {0.0095)
0.216 56 10.8708 }11.8050| 0.1013 -0.788

B {0.00053) | (0.0052)

0.244 60 23.320621.5387] 0.11 -0.82
(0.0073) (0.028)

0.331 740 27.2174|16.47621 0.145 -0.94
(0.0041) (0.013)
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: ~ Table 5.7 Solvent effect daca for N-chloroalanine
-4 decomposition in methanol-water binary cosolvent systems.

IR
x2 Volume |Weight |[Weigit SmAGH
: percent fof of , ; 10-20 35
i {post Organic |wWater ia-1
mixing) {7/ /a Molecule
Q a 4] 50 . 0.0149 0
(0.00017) J (0.0066)23
0.0180] 4 1.5486 }48.0155] 0.0167 -0.047
(0.00031) }(0.0029)
0.0462 |10 3.91:0 }45.3708)| 0.0178 ~-0.073
(0.00027) 1(0.0078)
j0.09781]20 7.8349 ]40.6640 ]| 0.0206 -0.133
(0.00033) ] (0.0081)
0.1552}30 11.801936.1132] 0.0275 -0.252
(0.00052) 3 (0.0091) |
0.2205{40 15.7826(31.3727| 0.036 -0.3483
: _ (0.00021) }(0.0053)
0.2935(50 19.57758|26.6332 | 0.047 -0.47
{0.0019) {(0.017)
0.3796 |60 23.5426}121.7318] 0.059 -0.57
(0.003) (0.021)
0.4798170 27.3079]16.7682| 0.075 -0.6863
(0.0012) 1(0.0081)
'0.6054 80 31.4738]11.5350| 0.086 -0.72
(0.0024) (0.012)

B et om b ow R £ g

e _a Calculated by standard propagation of errors
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Table 5.8 Solvent effect data for N-chloroalanine .
decomposition in 1-propanol-water binary cosolvenc systems. ,

Caldsr

139

x2 . |Volume [Weight {Weight |k/min-i SmAGH M
i |Percenc ot cf V = |,10-20 g i B
i (post [|Organic|watez/g o i -1 |
b |mixing) {/g ,, o=t IMolecule §
0 . 0 0 Is0 0.0149 0 Y
(0.00017) | (0.0066)3 k
0.0149} 6 2.3702 |47.1328| 0.0184 |-0.087 T
(0.00013) | (0.0055) :
0.0256 |10 3.9637 }45.2482] 0.0205 |-0.131 i
i (0.0002) ](0.0062) ¢
0.0372]14 S.3847 [43.40i4] 0.0234 |-0.19 iy
(0.00062) 1(0.012) :
0.0557]20 7.9932 [40.6265| 0.0296 |[-0.28 o |
(0.00106) | (0.015) i
0.0310]30 11.9753135.8580 0.0403 |-0.409 | =
(0.00022) 1(0.0052) i
0.2341]40 15.9870{3€.9381] 0.0536 |-0.53 ik
. {0.0046) ] (0.036) o
0.1867(50 19.9646)26.9723| 0.0624 |-0.589 &
(0.00085) [ (0.€073) B
0.2560]60 23.9929[20.9009| 0.076 -0.67 o
_ (0.0017) {(0.010) E
0.3453]70 27.9427]15.8814| 0.095 -0.76 et
(0.0029) }(0.013)
0.4689 |80 31.9108[10.8348] 0.123 -0.87
| (0.0054) |(0.019)

& Calcuiated by standard propagation of errors

L
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¥ systems. ,
e Y EEE————— e o
x2 | Volume [Weight |Weight k/min-1 SmAG* , ’
% Percent fof of 5 e / 10-20 3
4. |(post Organic |Water/g| iw‘““* -1
3 |mixing) |/g i Molecule
0 0 0 50 0.0149 0
: : o (0.00017) {(0.0066)2
-10.0148| ¢ 2.9792 |47.0355] 0.0172 -0.059
' (0.00019) | (0.0065)
0.0257|10 5.0307 |45.1979( 0.0182 -0.082
: (Q.00027) §(0.0077)
0.0558|20 10.2864140.4733( 0.0224 -0.168
{0.00038) }(0.0084)
0.0922]30 15.3349|35.7351] 0.0309 -0.300
(0.00017) | (0.0052)
0.1342|40 20.356 {31.0947| 0.04 -0.41
(0.0014) }(0.015)
0.193 |s0O 25.4819(25.2106| 0.054 -0.53
{0.0024) (0.019) -
0.2525|60 30.3322)21.4042| 0.077 -0.5675
. : (0.0016) {0.0098)
0.3378]|70 35.340616.4946| 0.094 -0.76
_ (0.0081) [(0.036)
0.455 |80 40.5270]111.4940| 0.104 -0.80
(0.004) {0. 017)

Table 5.9 Solvént effect daca for N-chloroalan;ne

decompos;tzon 1n propylene glycol-water blnary cosolvenc )

.  a Calculated by scandard propagaclon of errors )
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- Table 5.10 Solvent effect data for N-chloroleucine ff:§~..
. decomposition in acetonitrile-water binary cosolvent
. systems. . T

Xz Volume |[weignht |Weight |k / min-% SpAG*F ' 5
; ~ |Percent lof of ‘ ; 10-20 3 | 0
i (post Organic|Water/g| . . . -1
b mixing) |/g JeTEEE . IMolecule 2
0 0 0 50 0.0z01 0 o
(0.0002) |{0.0058)23 §
0.0140} 4 1.5576¢ (48.0885| 0.0238 -0.07 by
. (0.00056) } (0.0108) 3
0.0364 |10 3.8921 |[45.2753) 0.0375 -0.256 i
(0.00031) | (0.0058) %
0.0522]14 5.4629 |43.357 0.049 ~-0.37 e
{(0.0014) }(0.013) ,
0.0772]20 7.7960 |406.3102} 0.072 -0.525 BN
(0.0013) 1(0.0088) 1§ -
0.0947 |24 9.3416 |39.1712] 0.095 -0.639 -
: (0.0017) (0.0087) §
0.:225 |30 12.7079133.3742| 0.133 -0.78 B
| (0.0074) |(0.023) :
0.137 |36 14.0397133.0746{ 0.195 -0.934 5
{0.0028) {0.0072)
0.1792 140 15.3052|31.1684| 0.224 -0.991
' {(0.0013) }(0.0053)
0.2461 150 19.4303)26.1168| 0.364 -1.191
(0.0068) 1(0.0090)
0.2676 |56 21.7905125.6678 | 0.48 -1.30 o
(0.028) (0.024) Tl
0.3064 | 60 21.1045[20.9711] 0.564 -1.371 b
_ | (0.0045) {(0.00%7)

4 Calculated by standard propagacion of errors
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. 7able 5.11 Solvent effect data for N-chloroleucine o

decomposition in ethylene glycol-wacer binary cosolvent -

i)

¥ 4 » 3, it Y

iy

X2 Volume [Weight [Weight [k/min-! [BhAGH
.t |percent |of of Ceass 1/10-20
. i1 -|(post |Organic|watersg| ~TTTV.. -1
5 mixing) | /g Molecule
o 0 0 50 0.0201 0
(0.0002) |(0.0058)2
0.0195( 6 3.2286 |47.0839} 0.G23 -0.055
{0.00049) 1(0.0097)
0.0334}10 5.4722 145.1333}| 0.0249 -0.088
. (0.00029) §(0.0063)
0.04931{14 7.7042 ]43.1022 | 0.0258 -0.103
(0.00038) |(0.0073) |
0.0733120 10.9801140.2977 | 0.0293 -0.155
(0.00047) | (0.0078) |
0.2196}30 16.3448|35.3630 ] 0.038 -0.26
(0.0012) |(0.014)
0.1721]40 21.9146|30.6075 ] 0.0513 -0.385
(9.00075) | (0.0073)
0.1961144 24.1382128.7272 | 0.057 -0.43
(0.002}) (0.015)
0.2362{50 27.4154125.7257| 0.0686 -0.505
(0.00021) | (0.0043)
0.2811 |56 39.7653)22.8401 | 9.078 -0.56
| (0.003) | 0.016)
- 40.3125]60 32.8389120.9738| 0.085 -0.59
10.003n [¢0.017)

'_ 4 Calculated by standard propagation of errors
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Table 5.12 Solventc effect data for N-chloroleucine ‘
deccmposition in 2-propancl-water binary cosolvent systems. .

x2 Volume |Weight |Weight |k / min~1 |§pAGH
§- Percent Jof ot ; |/ 10-20 ;
.i (post  |Organicwacer/gl . ;. 4
" mxlng) /g i - Molecule
m
0 a 0 30 0.02G61 |0
(0.0002) {(0.0058)2
0.0096§ 4 1.5513 }48.0614}| 0.0220 -0.04
(0.0012) ]¢0.023)
0.0250}10 J.5686 |45.3363| C.0264 -0.112
(0.00032) 1(0.0064)
0.0352)14 5.4462 |43.32689| 0.0337 -0.213
(0.0002) 1(0.0048)
0.0334]20 7.7113 |40.3848| 0.046 -0.34
- (0.0011) |(0.011)
0.0730})26 10.034638.22689 | 0.0668 -0.494
: (0.00033) 1(0.0046)
0.087%130 11.5706|36.309 0.095 -0.64
(0.0033) 1(0.0149)
0.1288]40 15.5711]31.5501] ¢.161 -0.856
_ (0.0015) ]1(0.0056)
0.1786(50 19.4275|26.7862| 0.227 -0.997
(0.0047) 1{(0.0094)
0.2446|56 23.5761121.8279] 0.27 -1.07
(0.0099) 1(0.016) |
0.2464 |60 23.4263121.4803| 0.296 -1.106
(0.0057) 1(0.0089)
0.2908 |66 25.7740(18.8491| 0.337 -1.159
(0.006) (0.0084)

2 Calculated by standard prepagation of errors -
b Average of dupliicate experiments rather than triplicate
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Table 5.13 Solvent effect data for N-chloroieucine *'7#*7 .
- decomposition in methanol-water binary cosolvent Systems.
. R -
x2 Volume {Weight |Weight lk/min-i |[8pAGF .
-1 |Percent jof of B 10-20 3
't |{post {Organic|wWater/g juimer M -"'_-_1 N
) ¢ |mixing) |/g A - . |Molecule -
w AR
o |0 0 |50 0.0201 |0 0
' S (0.0002) }{(0.0058)2 oo
0.0181}|4 1.5766 §48.0946| 0.02104 |-0.019
. , (0.00006) | (0.0043) o
0.0463 110 3.9254 |45.4443| 0.0237 -0.068 -’_}')
: (0.00023) § (0.0057)
-10.0978 | 20 7.8535 |40.7362 ] 0.031¢6 -0.186 B
, (0.00022) | (0.0050) i
0.1556 |30 11.8112136.3494| 0.043 -0.31 o
(0.0017)_§(0.017) el
0.2194 140 15.7439]131.4935] 0.0608 -0.455% SR
(0.00071) {(0.0063) | .4
0.292 |50 19.6204126.74635] 0.086 -0.598 Lk
(0.0013) |(0.0074) | ...
0.342 |56 22.0682|23.8754 | 0.0923 -0.627 S T
_ (0.00044) | (0.0045) | ..
0.3762 |60 23.604 }22.0004) 0.112 -0.71
(0.0056) (0.021) I T
0.4798170 . 27.6051116.82691 0.139 -0.80 S e
o - {0.0038) {0.012) -~
., 8 Calculated by standard propagation of errors =
i B g i d i SR Sp— o e s T
% .‘ s i s remem: : S8 viraen |
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5.3  Parameter estimates L | L L

o In this sectmn I have compiled the paramet:er esr.imates
w' obta.med by fitting t:he data to the one-step and two-step,
cancellation approximation models, equations {1.64) and -
(1.63) respect:wely The numbers m parentheses are

standard deviations. .-
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~ Table $.14 The parameter estimates obtained by fitting the
jw&'u>chloroalanine data to the one-step model, equation (1.64).

I

Solvent System ¢ |AgA® "ot ot gy 70T ‘{’f: ;.
) L wednd EIICNG § S SNE I Az Molecule—l
Methanol-Water 20.1 (0.97) 2.0 (0.22)

1-Propanol-water

20.7 (0.42)

6.5 (0.36)

Ethanol -Water

2-Propanol-water

Ecuxlene—clxcol

Progxlene-slzgol

27.6 {0.82) 2.9 (0.17) |
28 (1.5) 4.3 (0.43) J
32 (1.6) 3.9 {0.46)

36.5 (0.50)

2.45 (0.088)

Dioxane-water

Acetonitrile-Water

68

43.4 (0.65) 3,5 (0.12)
(1.9) 4.1 (0.21
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. Table 5.15 The parameter estimates obtained by fitting the
+ N-chloroalanine data to the two-step model, equation (1.63).
4
! Solvent System ; AEA; e K1 K2 .

; / A2 Molecule-1
% |Methanol-water 16.8 (0.54) 2.8 3.1
¥ (0.38) (0.73) ‘
7" |2-Propanol-water 20.6 (0.44) 5.9 11 ;
EW {0.50) {1.6)
« 1-Propanol-Water |22 (1.1) 13.0 3.2
B ' (0.98) (0.89)
Ethanol-wWater 23.8 (0.82) 5.7 2.8
, (0.25) (0.45)
| Propylene-Glycol 27 (1.1) 5.2 6
{0.84) {1.6)
Ethylene-Glycol 34.8 (0.45) 4.4 1.7
- (0.16)  f(0.14) |
Acetonitrile-water {42. (1.8) 7.0 2.0
: _ - (0.25) (0.36)
-~ jDioxane-Water 55 (2.4) 8.9 4.3
- I R | (0.25)ce | €0.72).
o \
L1
e

=
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. Table 5.16 The parameter estimates obtained by fitting t

7. 'N-chloroleucine data to the one-step model, equation (1.6

P R T

G g

LA

Solvent System

AgA*

/ A2 Molecule-1

e
BEL g
i

Methanol-Water 27 (2.0) 1.8 (0.25)
2-Propanol-Water 35 (2.7) 5.1 _(0.85)
Acetonitrile-water |50 (1.6) 3.9 (0.24) -
Ethylene Glycol- |54 (4.0) 2.0 (0.23) B
Water —
o PR

Table 5 17 The parameter estimates obtazned by Ezttxng t
N-chloroleucine data to the two-step model, equation ({(1.¢

Solvent Systemi:;_ AgA; IR § .S S K2 .
|/ A2 Molecule 1 7 _
Methanol-Water 19 3 (0.81) 2.5 4
(0.39) {1.2)
2-Propanol-Water 24.2 (0.4%) 2.7 40
{0.91) (16)
Ethylene Glycol- 38 (3.1) 4.4 3.2
Water (0.33) (0.97)
Acetonitrile-Water |43 (2.2) 7.5 3.9
L (0.46) {0.92)
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cosolvent are presenced iz chis section. The solid line in’

~ these plots represents the curve fits to the one-step or

 two-step phenomenological model. Thg'curve Eicts indicate

that the two-step model can f£it all :he data and the one-

step model can £i: most.

but nor, ail, of the systems.
f.’

[
g
.

e R B S
coeeB g DO IBROIFIOLS

PR e ” .
R - Lo T ﬁ P s BR A T
bl bt -,j%'.’z-ui;.,{, “2 5 V& 6 ik BT WDERIE

*

oGl iehngd

L ARE I apisnanps?

oy no ooelis

. ! :*— . > ok ‘ .w 4
S dFTINGIELe Ba

v R 0§ g g pen iy 0 e i ¥y by
s opash Lenaes bl il

yoabns (eDlpelonss

R N TTaE NN e
"!‘:@ﬁ"‘”’-‘ i h SO BT N I S S el

ﬁﬂfﬁ* \ 3"%5.‘.3@




L. 150

SadE prlmer e oy TR &?;.:!’t’: g

g

5T gl sl o polzinul 5 86 polisy |3

' o g oy

“”i,., ek e E

2 R p

-o 5= s =

S ]

% b 3oy #
x = 3 P TP RS e

. . gf‘" * . ﬁi o A 1 i,”;‘i‘%;»%"* {337 B Rk ¥l
=

=

0.5

Figure 5.4 Solvent effect on the decomposition of N~ '
2 chloroalanine in the acetonitrile-water binary cosolvent
- system showing the experimental daca peincs and che curve

'5a_fxt to the daca with the one-step, cancellacion

- approximation phenomenologxcal model (equaczon 1.64).
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| Figure 5.10 Solvent effect on the decomposition of N*if-"ii-'i?fi
"f; ch1oroalanine in che ethanol-water binary cosolvent system -
L showing the experimencal data points and che curve fic to
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- phenomenological model (equation 1.64).
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' chloroleucine in the methancl-wacer binary cosolvent system
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In Table 5.1i3, the daca from the N-chloroalanine

5'.5__.1 Rate Ccrnstants

K

pressure effect studies are presenced. All studies were
pérformed ac 25°C ia fully aqueous solutioa. _;'rhe inicial
concentration of alanine was 0.03 ¥ and the initial % |
concentration of N-chloroalanine was approximacely 0.003 M.
' The results from the N-chloroleucine studies are presented
in Table 5.19. These studies were conducted ac 25°C wich
t:iie same sclution ccnditions as the N-chlorcalanine .sﬁudies. B |
S g  In Figures 3.Z3 and 5.23, ploﬁs of the rate constant
aéainst pressure are shown for the N-chlorcalanine studies
‘and N-chloroleucize studies. 7 | 2
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“Table 5.18. Pressure eff ect: on the decomposition of N- T e
chlorcalanine. The studies were ner‘ormed at - I

b 26°C in fully aquecus soiution. .

k/min-1
0.0185,
4; 0.0142
1 0.0164
1 0.0176
1 0.018
15 0.015
15 0.018
15 0.017
30 0.014
30 0.014
30 0.016
45 0.0132
45 0.017
100 0.0122
100 0.015
200 0.012
200 0.011
200 0.012
200 0.0091
300 0.01
300 0.009
500 0.0096
500 0.0106
1000 0.0093
1500 0.011
2000 0.0105
2482 0.00¢2
2482 0.0102

,ugﬂ:q u“&& ot 3

e oomi wesmohagiee

WO P8BS LED




2

chloroleucine.
systems at 25°C.

1

Table 5.19 Pressure ﬂffeccs on the decomposicion of N-T

Studies wers conducted in fully aqueous
Cnly one x:ace determinacion was performe

at each pr essure.

0.0201

s e R

Presaureiper
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0.015
(0.0012)
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(0.00023)

350 0.0141 RO W

300

0.01390
{0.00070)

1000

0.01300

{0.00088)

i500

7

0.01243

(0.30048)
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Figure 5.28 Pressure effects cn the decartoxylative-

“ in fully aqueous solutica at 26°C. The data exhibit
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_considerable scatter, but the direction of che effect is

unquescionable; the rate constant decreases at higher =

pressures, indicacing a positive volume of activacion.
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5.5.2 Volume Of ACEIVaLICH. .- s | o
‘Sufficient data were available (in the pressure range
- of 1 to 500 bar) to calculate the volume of activation for
~_the Elecarboxylazive-dechldrinacidn of N-chloroalanine. As
was discussed in Chapter 4, the data were Eit to the .
_quadratic equaticn (4.4) and the volume of activation was

F\ £ oW o

calculated from equaticn (4.5). ;;;

e

?flni-——=:lp+bP" 7 L £ (4.4) .wié-., M,",

Lbar

A 3=s-R'l'a me eaE 8ui (4.5 %

S
: , , ?&:ﬁﬁi ’ :
. The estimace for parameter a is -0.0030 % 0.00033 bar'i. and |
¥% the estimate for paramecer b is 10.000004 £ 0.000001 ba.r‘2

_The volume of activation is estimated to be 70 + 8. 2 s
c:n3/mole. | o , | R o ﬁ”&m :
A plot of the fit to the data is shown in Figure 5.30_." I

- The data could not be successfully fit to the three- | -

parameter models given by equations (4.6) and (4.7), as the

parameter estimaces were highly correlated and sensitive to

‘initial estimactes. = -
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§1 Othat Approaches to the nescripe.{on af Solveant

S Fres 3

Effects on Chan.ical Reaction Kinetics
- e S e

Prior to d:.scussmg the resulcs of this investigatiom,

K - - 3 B o’ .
s S s o gy O

P a brief mention of some other common solvent eEfecc models

is appropnate‘

Tlus descnpt:.on is notc mcended to he

 extensive but only to show the uniqueness of the

L reviews (1-9).

phenomenological model compared to other works in the

literature. For extensive discourses concerning these

~models, the interested reader is referred to literature .~

I have placed these theories into two

categories, namely those based on physical principles, and

" those based on empiricism.

‘This classification scheme is =~

. not absolute, but can serve as a guide to the reader.

i

. ' 6.1.1 Models Based on Physical Theory

‘extended to chemical reaction kinetics to give a

Hildebrand's regular solution theory (10-13) can be

quancitative description of solvent effects on chemical

reaction rates [equation (6§.1).] (The reader is referred to

. Connors* recent review (6) for the derivation of this

equation.)
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" zere, V is a molar volume. and § is the soluoz.lx.ty

reactant in the reaction syscem

2 . - H e N _1,,.,’"'}
By g - ! b e v e

s

sarameter wh:.cn is equa.l. to the square root of the mlar

snergy of vaponzaczon of a solvent: per unit: volume. ' and the

subscripts ¢ and § refer to the t:*ansn:z.on stat:e and the

solvem:.' respectively. The sunscnpt i. refers cto  any g:.ven

ﬁ The (5i 5s)' and (5* 59)-' terms account for solute- &

,,,,, ¢ i Te R : "R

ut:e nt:eracr.:.on. SOLVE!"C"SOLLIEQ m:erac:...on. and solvem:-

sclvent interaction ene*gies. 'f'he soluce«-solu:e mceracnon

_".nergy is the energy "equar:ﬂu r.o absr:racc a solute molecule

from a pure solute; the sclvenc-solvent interaction energy

is the energy required to create a cavity within the solvent

'into which the solute will be inserted; the solvent-solute

interacticn energy result:s from insertion of the solute into
the cavz:y. ‘The phenomenomgz.cal model accounts for all
these evencs as well ard is, in this sense, relaced co t:h:.s

model, yet the phencmenoicgical describes these interactions

"with differenc theorecical considerations and mathematical

'-'fomalisms. - In aad:.:mn, regular solution cheory is luu.l:ed

by its approximacions to syscems in which d:.sperszon

T
EERF AN

interaccions pre.domna.ce.

* s

f §faﬁ; Frss il
Nagy and coworkers have developed the competxuve

vy

erghnn 7 h e sl

' preferential solvatioa (COPS) theory that can describe




solvent effects on chemical s:netlcs (i 4.-5), U. V. and

N.M.R. spectroscopic shift daca (14, 16-18). and solubility

{13) chrough sc:1.vx~.=.n::-sm.u:f3 ane*ac iars :“at are moaeled by

a ccmpetlnlve ‘solvation exehange scheme. This is sxmllar to ‘

R 5N

7 interact

(14,230

:ne pnenomen010g1cal acdel's solvation e:fec; ccmponenc.%

whlch uses a solvacion exchange scheme :o describe solvent-

solute xnceraCtzcns. hcwever. the derivation and the Eznal

Edexpresszon for CGPS sheory s aescr pelun o. solvernc- soluce

'.phenomenoloqical nodel in

" is nased on these five costulates.

"solvenc-solvent and sol

Pos*ulate #1

ions is diffsrent ;:cm the pnenomenoloqxce;'model

COPS theory can :e Furt:her conc*ascAd o] Phe

Tk
)

.nac COPS does not account ,or :

'“n-soluce COPS theory

:::::erac:t-u.

e 5T A e Sedba g avw f”'

; The solvent .ons:;:nents . compece ta solvate

£

'@f i:%

e

R
—.s?.

¥ postulate #3

s
E

the solu:e. and ehe solute -nterac:s with the enczre

[

SEE N

sur'oundzng med;um. -
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The molecules ia the solvacion snell are
. ol

Poscu;a:e #2

;ncessancly alcernatzng between solvating and comp.exlng ;7

staces. Complexacxon -s a state of ;refer*nﬁ orxen:atzon

becween a solute and soivent molecu-e. wnile solva:;on zs a
5 iog i A R e it e e ; g
%% pmmil »&:NA

mpos ition 1.3

f o
k4 E s 1S

o i

 less ordered state.

ke ~¢u7_

P

The solvateon shell

u;‘ iy

- controlled by - ~affinicy constancs, Ki(j- Kick)- K,m...and

‘the respective sulvent constituent concencracions (3.
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Postulate #4  The solute is considered to be partitioned
... among all solvent components. hence the solvation shell is

comprised of a weighted mixture cf pure solvent components.

. . .
_ Mathematically, we write .

s

i Yo &5 Rt

ae 3&*:3»’3 shemvios ar o ommen o T ine
- C xup +xim+x:(l)+-- )
g x*w:js“ Siow o e
gt ;:».‘i: Soicw L Isbosm 2Rl
o WRELR . asiagib wol msis
Xi(j) =Ci % ity c-p-(-j; e
ij ivi -3
| Ky 1G5+ Kig +KimC1+»- | SR S ST
. - Lo . ' . P v - . ST i ‘ ; 5-."—3» .
. . . IR CRE. o * . g bk -
ﬂ.:"" . B:’ g : o g aé ,.,. ;i i 5‘ -"a.m l#iw ::_-;w...._u»i {3}! ﬁ; fi3:3 ﬁ‘ﬁ bty - L

gere, Cj represen:s tae concentration oE solute, and Kl(j)

and Cj representc :he affinicy constant and concent:ra:x.on of

¥ golvent componenc j " Their groducc is dnn.ded by l:he

summation of all o:her solvenr. componem: concentracions and
2z atfinicy constant products. Pyp is a generalized partition

R L TELTTIY BED

I3 Y oy g oy o g S e -
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“postulate #5 'The solven: affec"s cn. any phys:.cocnemcal

propert:y T are additive in c‘m ;olvar...on shell so \.hal:

g
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,_EEV%Equa:ion (6.4) is the general form of the model?’?%'is'_
8} itailored to describe the specific kinetics problem at ha

RIS LS)Y Snevios

i e e s LS
S Wt S e A S ae - L - R §

. The last two models to be discussed in this sectior
not related to the phenomenoldgical model as they rely
solely on electrcstatics tz describe the solvent effsct:

'ff reaction rates; however, these models are well known and
| snould be menticned. The first model, which describes
soivent effects on reaction rates for dipoles, is given

equacion (6.5),

1;;§£~5? i 'ﬁ;g T
SR g-1 +
o Inkszlnko ( i s
SR ~ RT -e+l ,g

pE¥ Das vowiok R0 dnoskiuloh

a.m? z.,,c e e . AP ’H““f‘\"\ o A

uhere kg zs the reacticn rate zn a cest medium, ko is cf

, rate ccnstan: 1 a reference so;venn. N is Avogadro's .

)number,&e ;smthe dielectric constant of the medium, RT i

the product of the gas constant and the absolute .. ..
S Pemperature. u is the dzpo e moment. and r ;s cne radiu
2 ¢ 54 ‘ '

(20). Equatzon (6.5) was derlveﬁ from the erkupcd;ggﬁaﬁ
expressxon for the transfer free energy of a dipole from
medium of & * 1 to one of dielectric constant € (21).
"=‘;An_equivalent_exprgssian;IZZ) for solvent effects ¢

~ reaction rates between ions is given by equation (6.6)
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¢ hand
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tion are
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ectan

| ) ', (25) have shown that plots cf 'ln X against

" to equation (6.6), are shown in

: cransfer of an icn from a medi'__

 cosolvent systems do not give th

’ . ) . = ° - L ’ 7 B R . ’Hls.
.315'&;:;5; foed blus Z o ZZ' w5 sz gLl BUiOOsEY ASVIY 8
1y < : ' :
oy Inkg=In +——(1-- 0 o 8 nein (6.6) s
ks ﬁ_i, - ks ko 1RT E r.; z r? *

e ow “3 PR b T ? Tl L FIER
where ¢ is che elec:: n charge and Z is the valence of the
ions (suo ect to the condizicn chac ZL-ZZ,) . All ocher
terms nave been prevmusly defxred. ,.quat:mn (6 6) was
derived from :he Sorn equation (;3) for the free energy of;

with a dielectric constant
of cne to a medium with a dieleccriz constant equal to €.

Equacions t6.5l and (§.5) assume chat the solvent is a

' continucus isotropic medium, and. as is evident, only

‘consider electrostatics ia their description of the solvent

effects on chemical reaction rates. They cannoc account for

specific solute-solvent Interacticns.

Many workers have discussed this limitation of these

models (5,6,7.24). For exampie, Skwierczynski and Connors

- for che
€
deme:hylanon of aspartame in various pinary aqueous-organic

predicted linear behavior

. of equation (6.6}, but show miniza and maxima, and even show
‘disparity in the direction of the solvent effect.

plots of some of che data from the present scudy; according

figures 6.1 and 6.2

(Dielectric data were taken frcm references (26-28)).

Acco*qu to equation (6. 6!. aplct of Ink against 1/e for
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a given reaction in any cosolvent system shculd be linear
. and have the same slope éegardless-ot -he cosolvent system.

As is avident from- :qese figures, L&Ls pred;ctxon is not

SN

"‘H‘ﬂ ¥

'elec-rostatics must be considered when describing solvenc
effects 5n chemical reaction races: the need for such

? considerations has spawned the many empirically based 304515

5 For solvenn'éf facts. ahese are d;scussed xn the next R
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- from references (_26-28)-_33
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dechlorinacion of N-chloro:.eucme “The dieleccric dat:a are

. from references (26.28).
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 6.1.2 Empirically Sased Models s il isg:y peiansl
: Qi:;ifThé empirically based models cypically express thsﬁ'- .
: ‘éé solvent effects on :eac:icn rates as linear combinations of

~ solvent polarity parameters. (Most of che polaricy »3il

-

parameters are determined spectrophotomecrically from

- golvatochromic frequency shifts :ia the spectrum of ‘& "I3:

§

‘specilic probe molecuie, or kinetically Erom'solvenC'Effecﬁé .
. on the rate of a specific chemical ‘reactiori. The‘fﬁ%%??%;ﬂr.
parameters,: whecther kinetically or spectrOphncometrically.__
determined, are claimed to give a quantitative measure of
some physico-chemical property of the solvent, for example
' its polarizability, :ics hydrogen pond donating abilicy, er
- ics hydrogen bond accepting ability.)¥ If the solvent effect

\.data. for a test reaction are fitved o a linear combination

L T

.of these parameters, then the influence-t-specific'solvent,4g
¢ property has op che reaction can be determined. - In this'
manner the solvent effect is interpreted in terms of"ﬁ.§ 
- specific solvent properties.  For example, if afrer fittin§
 data to a linear combination of parameters which inélu&e a
' hydrogen bond donacion paramecer, it is found thact the
-‘ X'ccefficient,ﬁor the hydrogen tond donacing parameter ig 7 |
rrg,small._chen it is assumed chat hydrogen bond donation to the

reactant has only & minor effect on the reaction rate. '’

e
o

o3 iuetehon ot
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| Because these linear solvent.effect models a:e-fai“
'removed from the phenomenological model, I will do little a
- f;,g;:more :han~lisz~some of the more"prevalen::oneé found in ch§- 
| lizerature. 34 a3 Ao deokl . o aTEEEIRG YIS R s; _"'f_x%iz_sf;:‘iﬁzéf"» '
u  ;;The_Kamlen—raﬁ:«apprcach(is pdpular (29*36)£$:En-:his
approaci, cthe sclven;.e‘gecc for ‘a ‘reacticn can ‘be expressed
as a linear combination of as many as six solvent: iusu# i
parameters. The number of paramecers can be reduced ﬁtlf'gi:
depending on cthe solvents and reacticn chat: is being is3
' examined.. The solvent parameters include-afq‘fﬁﬂ wﬁgw@bt“? :
‘7_ ;pglaricytpolarizabilicy parameter sf;-A'polarzzabilzqyﬁa*f
'[ﬁFOtrecciancermVS. a solvent hydrogen bond donor (HBDIfiT_
4. parameter &, a sdlﬁenc nydrcgen bond acceptor (HBA)' @71
. paramecer B, the Hildebrand solubility parameter 8, which
 .accounts for solven:-sclven:‘in:eractions and is an“1? §“  ‘
endoergic term accouncing for the energy'requiredﬂte*create
a cavity in the solvent,-and a coordinate covalency #iism

. paramecer, &., A,collec:ion of the parameter values for a

} variecy of solvents is given in references (3d), k ©3 £J5h
& ', goppel and Palmer (37} express the solvent effect on’

“* reaction rates as a linear function of the solvent polarity -
¢ (measured by the Kirkwood dieleccric function)i the solvent
f pclarizabilicyf&chc,solvenc:eleca:ophilieicy.fand the*?@?; |

 solvent nucleophilicity. According to chese auchors, the

. first two solvent properties account Zor nonspecific o
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“tnceractions, and the last two describe specific '&!F7RER

S e i e P g P e 0 PR L e
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%% recemt Linear solvent effact model has been developed -

Wy Drago and coworkers (38); their model expresses the 7

. solvent effect on the rate constant for a reaction as a’

tunceion of thé soivent isaizing gower: this solvent

linear combination of the solvent's electrostatic bond- 4

' forming tendencies, covaient bond-forming tendencies and a

solvent polarity paramecer; ©77 G TEIOK L BAIWT. gmg‘_’fwﬁ’mg

% DGrunwald and Winstein (39-42) have used a univariate
iinear model to describe the solvent effects for Syl i~
solvolysis reactions. They descr be the solvent effect as a
5.3
propercy, the ¥ value, is defined by T T ”?*3

HoLITERE B Eraml el mpinn
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is che solvolys:.s x:ace canstant ‘or f-but:yl

chlonde ia an 80% (V/V) ethanol-water solur.mn (the . ~-5,_;3-__- 

'reference solvent) and k'2'C! is the rate constant in the
CeSt SOLVENE. .. ... .c.ciin.y 3o? 2ero: aolunast sdf

As previously stated, this discussion of various

'%’_solvent effect models is not incended to be exhaustive, but:

rather to inform the reader of some approaches taken by ..

ocher workers in this field.. Though some of the models 1%

i




describe solvent effects ~¢n.:eaccion rates by considering
the solvenc-solvent, solvenc-solucte. and/or solute-soluce
e, iNCETActions. as dces the phenomenclogizal model. the

i machemacical forms used by these inodels,;o cdescribe these
interactions are quize differenc Srom that of the ... .i~s
phenomenclogical zodel. . In the next section, we wi»].:,_#_;
. discuss the results cbtained from appiication of the ;.3 -
" phenomenological zodel to the solvent affects on the ..

|  decarboxyiative-dechlorinacica of N-chicroaianine and N-

. chloroleucine. igtig upwvios sds sdonael G [sbof Mwenil

RN

O g vkl Rl SRR TSR BIEYL DV 0B

- 6.2 Solvent and Pressure Effects on the Reaction

Rate Ve YaniYab ed o puden ¥ s EiEEg
” _Inc:oréor'atiod o.f ofganic cosolvent iato the reaction
: 'sol_ution caused an increase ii_x- the race of reaction for both
" N-chloroalanine and N-chloroleucine . Protic cosolvents
. caused a 6 to 10-fold increase in the reaction rate, while
;mnpro:i: solvents caused about a 30-fold increase in the
reaction race. the arganic cosoivent concencration was |

' usually excended to 50 to 0% wyv. 5 {IEEVIEE BI5EIEIR

e

The reaction rates fcr N-chlorcaianine and N=""

choroleucine decompcsition decreased as pressure was

% increased.” This indicates the reactions possess a positive -
 volume of activacion which is consiscent with the concerted

' fragmentation reacticn mechanism shown ia Scheme 2.7 in *




' Chapter 2:; in this scheme, a charge dispersion is ke I}

G’}f

pim: accompanied by simultaneous cleavage of the N-chloro bond 7
and the carboxyiate-@-carbon bond. ' (as discussed in Chapter
ﬁr; '3, charge dispersions and tond ¢leavages usually lead to

. P . e wan e it g s Be . e, W gy e e e T 99 -
positive volume cnanges.} i ?ﬁqﬁéiﬁﬁ-ﬂ“?*"@ EAED Fnaldin. m‘e;%’.t'ﬁf&
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‘5 The daca from chese studies were ti:.tzo equacions %
A1.53) and (1.64) using a nonlinear regression program, {*
. | | Sys..ac@ version 3.2.1:° i sl ArTET B3 *wx kf v& et
‘ﬁsﬁ“itﬁ o T 97““?"5“‘ o sty 3,',.;;‘ “M* mup
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These are the resul:mq expressions for the two-step and

one-step models; respectively, after application of full.

cancellation approximation, where for the two-step model
: KF--:K{:KI and K§=K§=Kg and for the one-~step model

" Ki=KR=K. The justification for using the full B
cancellation approximations will be discussed soon: however. -
I will first comment on the goodness of the fits to the

data. -For simplicity.ft will‘tefer to equations tl_.-SJl and
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| (1.54) as the two-step and one-step nodels; where it isi

w :underscood that cthe full cancellaticn approximation has  been-

; '7';;3:;; appiied. seainely =5 o bast sodren T e e ““x:;f:.t ao el kng |

| ‘:-j & ;gi;-rhe. two-step model can quanctitatively describe all the
solvent effect data, whereas the one-step model can :izug _’
quantitacively £i: most, but not all of them. The two-step

~ medel is especially useful when the solvent effect daca show

"a sigmoidal pattern: Of course when the data reveal a e
hyperbolie pa::ein. chen the one-step model, which is che

equation of a rectangular hyperbola, can be used CO IITyE \

quantitatively describe the data. We can conclude thac the
full canceilacion approximacion -.;henomenoldgic_al_aodel can
quantitacively describe the kinetics data generated in chis -

study. The justification for applymg =his approximacion

will now be presented.- »i -
: _When the data were flt to the one-step. 4 parameter.‘_. :

" phenomenolcgical model given by equaction (r.52), .~

- i’&ﬁ:?r“{w@ﬁ @ Bs &m“@f"" WILTLHES R

(gA?-f' - kBTanj':) Kixy - (eA%y - kBTanR)KRxo v

BmAG"
PR ¥, N B ke B-) xl +Kl X2 By REEP L5 TR e

: x|+Kl X2 an L wopeD o

ire f% i 1

- xf‘@lz% f%

, '(1 6&!'
ﬂy«ﬁ ﬁﬁl ﬂv’%;&w wn,{ »?n.cfflla;s‘" ?i a‘%‘«a?} §-}§w~ A w‘;:%

iﬁ%{rﬁ é:‘;ﬁ aé*”* o #ile at I e ?'}% i

4+, the paramecer estimaces were observed 0 ba nighly- AHORE
mtercorrelaced. +{an indicacion that a model has too many

g paramec_ers and should be simplified) and thus their values
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gA paramecers. namely that K Kl . and gA+>gA

fxnformaclon about the soivation excnange conscants and che
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—are rot highly reliable; yet, the estimates provided some

. In *able ;:

_5 1. the parameter .sc.maces Erom some of :hese analyses.

are presencad along with their initial starting values.

-

- (Because £iral estimates are hi ghly eaeefcorrelated, the

' parameters are sensx'xve to ¢31Clal scart;ng values, whzch

This trend

have c&erefore aiso ceen anluded ~n the tanle l

(1.82).

P

Kif

pantuens Bl

S

o approxxmac-cn :o :he pﬁenomennloglcal model -
Fl n . s ‘ T B T

TR SRR e h

i-propanci-water system

S TTTHREEL

. gAtr;n,

'of :be data in Table & -;- led e to apply cne cancellacxon

g E

&

‘1 n#

gAR'%m"W

PSS
b T

. Table 6.1 Inle;el and {inal paramecer estimates £or equat;on _f

Inicial

Final
Estimate

Estimate

—1§ E

0.01

0.01

8.4

0.028

0.0062

Inicial
Estimatce

0.03

0.03

Final
Estimate

9.52

0.044

0.022

3riz de

ot e . .

Acetonicy

KJR &y o

ile-Wacer -

-:gAR.

Inicial
Estimate

0.03

0.03

Final

Inicial
Estimate

Estimate

0.0473

0.0009

Q.03

0.03

Final

Estimate

10.0465

5.5 x 107
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p - E

;‘I‘hough these data seem to indicace r:het:" K3=K$.:he' |
C[uestz.on "emaxns-";s ‘.t 3ust1 anle :é assume that K$=KR" -
I use the rﬂasonmg ..na'.: {hossrav:. and Ceanors (43) and

&

mlslq. and Connors ( 44) used when these workers applx.ed t:he

cancellat:a.on approx:.maceon :o complexacion data. their .

argumem: xs now presented. ) ThJ.s lano:al:ory s analyszs of

e

- comnmacmns of 40 soluces v.n 12 different organic solvenr.s

(45-49), has shown that K| = 4 : 2.9 (range 0 3 to 15) and

 K3=5% 4 (range 0. 7 o 21.5); Consxder-ng chat these

Fen ot

“'solute dependent. ‘_ Now, excending the results of thJ.S
- analysis to the kinetics work, we real:.z_e ‘that the -

- -structures of the N-chloroaminos acid and its proposed .
.

" 5.isolutes ranged greacly ia polarity and chemical structure,

'_f_z_f(_fo_ﬂr\ example the so'lu:es iaciuded 2,2°'.4.4'.6. S?WWWW& i

hexachlorcbiphenyl and sucrose). che variations in Ki and: -

_ Kz are small, whxch -ndmates :hat: ..he exchange constantsé

are ra:her insensitive to cnemcal structure and polanr.y

' Thls Lnsensu,.ncy becomes Eur:her apparenc upon inspection L

'of the resulr.s in Taole 6.2 for a va.*e'y of solutes m ;i

—

mechanol-wacer -ss_oxven:s systems; <the variacion in t:hese‘~ :

“exchange constants is very small, Inamely Ki = 2.7 % 0.42 and

K2 = 1 44 ‘:E 0.31. 'rhese daca suggesc c4ac most of the g

;1.

“'variation J.n r.he exc"xange constants is solvem: rather l:han

transition stace are similar (see Scheme 2.7); and it Seems
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'~ reasonable to postuiace that the solvation exchange

e

" ro che analysis ¢f kinetic data for this reaction. -
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- ¢eonstants for the reactant and cransicion state are similar

and that the canceilation approximacion is properly applied

o .
B 2 E zfﬁuﬁg

- Table 6.2 Exchance conscants for a variecy of solutes

obtained from apnailysis oOf solubiiity daca in a mechanol-
w;l:er mtegf Wi’ f”ﬁ . RO PGSR SRS SN : gl Tagen % B

T

3 o i s e B B T s = TMIE e 3 T

Soluce & | K |eeference

Naphthalene 2.52 (0.071) J1.19 (0.085) | 46

Biphenyl : 2.45 (0.07) 1.28 (0.07) | 45

a-Hydroxy- -~~~ [2.33 (0.041 [1.61 "to.05) | 45 -
biphenvl N "
4,4'-Dihydroxy~ [2.62 (0.08) [2.2 (0.11)
biphenyl ' | |
4-Bromobiphenyl |2.6 (0.1 |1.4 _(0.16)
4-Nitroaniline 2.7 (0.35) |1.5 _ (0.49)

-

4-Chlorobiphenyl]2.49 11.30
2.2°,4.4°6,6°~ 13.76 o sy o | 1e2L oy e |

Hexachloro- . ¢,
biphenyl
2.4,6-Trichloro- |2.78

N bk g b v gl
T SR Ry T

biphenyl ' '
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| " As a means of exploring this assumption furtcher, % '
% - simulated solvent effec : daca were g'enerar;ea -am:h the two-

. }: Step. 6-parameter model [equation (,,51-) l, wes B venr e

SmAG*'

wanpios 3o e :!f,, BT

m w4

:..*'1{&?‘*}«“53&34.& B g«« V-ﬂéf ;& FBE T W4 + -
(keThn &b+ gA$'{') K'tlx-r +(~kgTh (K+K*)+ eAqy) KiKE(x0 )
(q)' +K’x|x1 +K1Ka(x1 e O

- ' wuﬁ* 4 . ::-‘?u‘ 4
1o PR A e W‘%Emw‘ﬁm R TR

s  ©p
L_.,QJ @ d . "::H: mw% z e e ¥
. g :
8y P s

_{(-—kgnn (KR)+aAR +) K, X1%2 +(-—kBTln (KRKE) +72ARY) KRK,, (xo )2 ]
;
&

e s ; e . sn
5 i;“ : % - s}i .“'} < i‘;n N % EEEE Y ?3“*§§ = ,““‘*”ﬂrﬁ R §

and then these data were analyzed with equation ( 1 63) To
' generate the data, the gA% and gAR cerms were set equa‘ t:e

~ 0.05 and 0.007 respect ively; ~(AgA* is then equal to |
_ (.043.} ~The values for the exchange constancs K¥ Kg

wa«mmix«

‘ Kl , and Kz used to generatre the data are gz.ven in" 'rable
i 56 3, along w:.t:h the esctimates of AgA3 K{ . l(1 obtamed by '

’ﬁitting the simulated data to equat:.on (1.83). Reasonanlee _

values Eor the exchange const:an:s were chosen and varied as

' shown in-Table 6.3.




. Table 6.3. The vaiues for Kf . K§ Kfand K-E used to

. generate simuiated scivent effect data.with.equation (1.61),

-,

o S

and the parameter escimaces cbtained by fitting the data to

. equacion (1.53). gA¥ and gAR were sec equal to 0.05 and §
r» 0.007 respectively. The numbers in parencheses are standard

. deviations. R el A ' F ‘:‘M;‘Ii‘g .

A, e g V50 N 0 U e e 5 T

initial values Klg o Parametcer estimates obtained by
i R . R_ - Fiwmi imulated da
Ki. K{', and K5 used [fitting simulat ta to |

Lo e
H

Lo

to generace simulated [°Tvation (1.63) sl eg
data with equation . : I E N
(161 B SR R
SER L LS L LY L

s.5 2 |55 |2 5.5 (0) . |2 (o) 0.043 (0)

8.25| 3 Is.5 |2, }10.23 ¢ [3.91 . ]o.o0s06
| _ i 4 10000018
um |4 |s.ss |2, |39 | 649 0.05620

- 3 _Jeo.12y  lo.om (0.000048)
22 (1.6), |21 (1.7) | 0.0706
_ N (0.00035)
33 |12 |s.ss |2 |ss.a .. |13 (0.02) | 0.1068

| (0.06) v | < st |(0.00013)

]

B e

22 |8 [s.5 {2

R ]

L T R e Rk

g

55 120 |5.5 |2 ; |20 (9 . |120 (S0) | 0.089
: NE - o __1¢0.00072) }

110 |40 5.5 |2 Did not converge

o T R v B T e e e i e L
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~ Table 6.3 concinued .

¥
ks
¥
i
A
A :
L& N
£
]
Qa'ﬁ
;("‘(
i

e S
S e B mmlooevd EE T e
#h AV Wil S

it

Inicial vaiues K , . |paramecer estimaces opbtained by

| K»:,, KR, and KR used |Efitcing simulated data to .
< o = o y T < 5 )
equation {1.63) 4 ’

to generace simulaced . R _
: gomomun BT Splawd srvaipams YD

data with equation o v oy _
(1.61) . ORI . o eralIeiva

-

2 lss |2 |s.s ]2 <o) ~ 1s.5 10 0.043 (0)

3 |8.25 |2 |5.5 |2-6 (0.11) | 14.9 7542 ] 0.05080

(0.69) | (0.000086

e Ju |z |55 |22 a0 37 (6.9) | 0.0566

T e A T R it S g AR

8 22 (2 5.5 |pid not converge
5.5 |2 lg.2s |37 ] 2.62 7% | 1.97 77 0.035

1¢0.00023)

(0.085) (0.085) :‘ (0.00014)

0.03 i | s00 7 | 0.027 >

i AT

(0.014) (4701‘7'“ (0.00066)

': 51— T N b A ~ Ipid not converge

2 s 5 csv,,- 3 oo ;-;:,g- 8.25 0 .61 .,«.;»«% .. 8 .3 (T.g.,w a g 0349 -

A T EEA N i

(0.068)__|(0.99) — }(0.99)

&

2 . |s.5 | " 11 |sx10-6 4.7x106 _ ]o.02sb

e ‘  " bSr.andard deviations were not cosputable.
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- The results E_rom'

cases.

O T T T s g
Praegy DR B o wER

Sl Ekd

F

5 K;; and K%, K%

case 1. K}
-0 and 20-fold mulr...p-es of KR x!}.
" and KR = 5.5, Ko =2, a
'and kR

:nuch larger t:han c"mmom.y ucse*ved

...ncreasmg largef auicipies of Kl .

" thac cthe cancellacion agp:axz.mc:.on

case, a four-foid difference in the values would be o

decectable.

 case 2. K} > K}, and K{.

4-f0id muitiples of Kf. Kg.
che values of I(?, Kg.

Case 3. K*“
fold mult::.ples of K", [(f; .

g feg

; - ¥

- ﬁ o oife g 42
~

were varied m
when Kf = 22, K*= 8

s §-fcid dxfference bet:ween K‘ .

-s not valid.

. &
conscan: astimates are observed when Kjf.

203

this analysis can te partitioned into 4

AT R TS R .
W’H‘ g W o ;«;-zﬁ ,,:7_"_ "J‘.x -
R

15 2 4 6,

.32

[

Kq , the escimaced excnange constant values are

'rhe magnltude ot’ r.he

: ‘exchange constan: es:-:nar.es increases as Ki . K—“_; are set to

Kg . '-'rhe anomalous E

'excnange carscam: =s...ma‘.°s could therefore acc r.o sxgnal )

| In r.hi.s

FERY ST

were varied in 1, 1.5, 2, and

Hjere unusually large exchange

K§ are cnly twice

K§ and KR K-. were vaned in 1. 5. 2, and 4-

yere a cwo-fold difference '

caused anoma‘ ies in che exchange constant estimates. -
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Case 4 K«. > Kf, and Kl . K, were var:.ect zn l :. and 2-

fold mulciples of Kf, K‘.’!' Here, a two-£fold d:.f:‘fer.r-ce

D

caused anomalies in the exchange constant estimates. . .
s T P . ‘i 7

gL Bom g T ar
F‘ ﬁ . S L Fg» *!T B LT a% IALJ : :}‘3 -“vn L

SRR
iy 'rhough ..hxs ana-ys:.s has investigated smulated daca

genera:ed from var:.a ton ci on-y a Eew oE the many possible

combinacions cf var‘.am.es. J.... -s s.:.ll useful m show:.ng

4;.1131: equar.z.on (1 631 < -'—o: be used to describe dat:a where
- 4- fold and larger cn.:::e ences between K". , I(*:‘ and Kg. Kg

ik

exisr.. Consequenuy our success m using equac:.on (1.683) to

. it kmetzc data is co .s*suen: m.._h the vau.d:. Y cf ..he full |

e

Do el s = PR ORI b RPN b S Tt *
Bolod gl belvav sy ba A Bado
, S R

oo apted whlsue i u

@
. 5.' i : L bR e ¥ o e oo
ses S®. P s bevTaRdo wIE

B s isgs,@i*::;mf Mw.

::,}.b ‘htRMWﬁ ﬁ ﬁv"&ir

. wt; G LD ES “}i’ii_iag oy
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. 6.4 The Solvation Exchange Cbnatantqk_ﬁ_i___‘. S ]
R . R A o

1 " An inspection of Tables 5.14 to 5.17 reveals that the = = ||

exchange constant parameters seem reasonable (compared to ié __
estimates from other data we have previously modeled),  ':i B " J
though the K2 value of 40 for che deccmposiéion of N- |
chloroleucine in the 2-propancl-water cosolvent system 18 o
| large relative to these values. % D |
u As this ;as the first time the phenomenological mddel :

hés been applied to chemical_kine:ics data, I was uncertain

- how the exchange constants would vary with the differenc )
solvent systems ahd reactants that were used in these = -
studies. I did notice that the solvation exchange constants

' '“ displayed avsolvenc€dependence as they had in the earlier

| solubility work. Tb'explore'this'dependence.fr plotted log

'  Kl{, {obtained from fits of the data to the one-step,
cancellation approximation model), against log P (the
logarichm oﬁ the 1-octanol-water partition coefficienc{ of

- the organic cosolvehc.used in each study (see Figure 6;3).fr
A similar plot of log KJKQ,(obcaxned Erom fits of the daca

- to che two-step. cancellation approxlmatlon model) againstc

| 'ylog P was also made (see Flgure 6. 4). ‘Such plots were
M4purevmusly used :o investigate the solvent dependeﬁcg of Ehe

exchange constants obtained by fitting solubility (47.49)

and surface tension (50) data to the phenomenological model.
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‘Figure 6 17 plot of ‘log K| agams: -cg P of t‘xe ov'g'amc

‘cesolvent used ..n kmet:-cs st:ud..es. "'be K[ values wers
- L .5‘5

' obtained by Eictxng che <1“et1c daca 1 to :he one—Step,

sl T

"s"""“'..ancellal:mn approximac:ion mocxel ‘he fu.led c-rcles are

from che N-chloroalam...e s:udzes. and. r.he empty c:.'::-es are - |

‘-:’?»,ﬂ

' ..rcm che N-chloroleuc:.‘.e stum.es. I‘he lines have no

od o he o
ok Eahd ABERE Ao e e R

' ..heorec:.cal s:.gm.ﬁzcance.

wr ownaYros s
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Figure §.4 Plot of log K|K2? againsc log P of the

organic

cosoivent used in kinetics studies. The K|K2 values were

4. obtained by ficting the kinetic daca to the two-step, ¥ -

<cancellation approximacion =cdel.

-theoretical significance.

g A p E iy ¢ i, 4% 5 ¥
iy 34 [ ,,‘_ﬁ:fiu;.-_‘_;’.l Jo I ‘L’?

The £illed circles are

from the N-chlorcalanine scudies. and the empty circles are

from che N-chloroleucine studies.: The lines have no =%

= ‘“a TR

E
R
o
2,
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vy - +8 these two plots, biphasic behavior of the organic
cosclvents is observed, as it was in ::fxe surface tension

{309 and solubility (47.49) work. The plots in Figures 6.3

L  and 5.4 shcw a remarkabie. resemblance :o <he plot shown in _

-'Fz.gure i. 4 taken Zrom x..e=r-e and coworkers' 'solubility work.

CIn :.‘.gu"ﬂs 5... and 5.4, as in Figure :..4 the very polar

~ solvencs seem to form one solvent r-lass whose qu < -i,

 and the other scxvem:s. m-ch display an increase fa log K3
: anu log (,_I(z with increasing solvent *.onpolar y (1 arger: log
? va-ues), form another:; 7otice aiso that propylene glycol
still displays ancmalcus behavior. The mechanistic
J.mp.».“aucn of thisg. c:.;:nasic behavior has been discussed |
'-previéusly (47), where it was pcstuiated that chere are two .

. independent :nteracrion mechanisms in the solvation process;

i ~chose solvencs having log ? » 1 act through a nonpolar j
| '_f;'_-m:eractmn. whereas cbcse m..h log ? < -1 operate thrcugh a
rolar iateraction. '“ S s
H&g “he plors présented in Figures S’J and 6. 4 are ff o
' ~'ei;in_tpcr:ancf for several reasons: 'the cor rrelations between the ,
w log Kjand the log P valies. and the log KiK2 vaiues and the
log P values, suggest a means t0 approximacely predict K| :
' ; and K2 values. The correiacions also grant some physical
. ‘meaning to: che exchange ccnstanc values in che sense that
they correspend to a speciiic solvenc property.:” Owing to

the similarity of Figures 4.3 and 5.4 to Figure 1.4, it can B

Lo
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be inferred that the ghenomenological model describesgm§g

equally well the solvacion preccesses involved in equilibrium .
solubiiity studies and ia aen-equilibrium kinetics scudies.

This does nor seem uareasonable, for if solvacion is

~;considered to e a weak iateraction between a molecule in

solution and the scivent, the preocess bywhich che molecule
éncered the soluticn should not afface this interaction..
Moreover, the cime scale 5 the solvation Process will be

much éifferenc (fascter) zhan thac of the chemical reaction.

afy o #car be noluesveb LrsDOBIR  BPEISTE N1 bk

CURGTLMITED WBIMRETE:




6.5 The AgA® Parameter 7 PEUEANG T ST B

"f'E.Sfi“Average AgA?:Values and Their :mplicacians for the . -

nbrvacu:e Corvecrisn Facear. - F

- 5 5 . L s T Tl
i oomiopwior Yooued f-;s,n\;\s' SO ﬁ:i"‘, e TN RELL R

) s ..‘ ] ) . e ’ . . . .
S @1o%.Phe AgAY parameter estimates in these studies showed

~ “‘an organic cosolvent-dependent variacion. The average,
s L o . SO -

‘. standard deviation, and range of these values from the _
. ‘ el e e e R
“Warious solvent studies are presented in Table 6.4.
Cuonua

rw-n-}; ey g ﬁ;@ww g Ry arbs o g D o O B S L. -3 b

il

Tabln 6.4 The average, standard deviaticn and range of che
-AgA’ parameter estimates.

_!——'T - e ——————————

Model _ Average value Range
N (Standard / A2 molecule-l
L Deviaticn)
/ A2 molecule~l.
N-Chlorgalanine
One-step. L 40 (18) : 20.1 to 68
cancellation L -
approximacicn
Two-step, ~ . . |30 {13) . . |16.8 to S5
cancellation TP i :
approximacion
N-Chlorolieucine
One-step, . 40 (13) . e 27 to S4
cancellation L |
approximation '-
Two-scep, . |30 (11) ~ |19.8 co 43 i
lcancellacion. R |
|approximacion
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All comblnaczons of the average AgA’ values in .ne

Table 5.4 are not sxgnzfzcanc_y different from each other

within 90% confidence limits (2 = 0.1). Therefore, we can
set the average A@Aﬁ astimace for N-chloroalanine, AgAala

equal to the ave*age Ag&* estinate Eor N-chloroleuc_ne.-

AgAle“ ¢, Tt will be shown thac this equalu:y mpl:.es chac g

~ the curvatura ccrrection ‘accor, is constant ‘Ot v—

chloroalanine, N-chlaorolieucine and both their transition

'gtaces, but first we will chemicall ¥ Ju5t1£y the equalx:y

-t ? 2:}“# ’L’r'i} V s@‘#ﬂ *ﬁ ’ - .. ., S - {}.,,_ ‘ ) fﬁ . g
| . ia-’léAim S _-f.‘3$(6.3r?lﬂ_=
E%u, a/ . . ; ;‘ : - ‘ ' . ; ﬁ . :’?}wh y\ " L

~ unere aAl = AL -Ag, and aAL, = AL, -Apy. and chese
B quanci:ies fepresent the changes in;zhe cavity surface aredﬂﬁ.'
due co :he decomposition of N-chloroalanine and N-
cnloroleuczne resgecc;vely, I use the Eollowzng argumen: colsi
.suppOtt che equalivy shown in equacion (6.8). 405
*he structures of N-chlorcalanine (1), and its.
o proposed transition stace (2}, and_.N-chloroleucxne”(J)ﬁg1

- and its proposed transition sca:e_(ll are shown telow:

- notice that the structures of N-chloroalanine and N- .. .

"chloroleucxne dlffer only in thexr a-carbon alkyl e
i : ‘ ;
subs:z:uen:s.b Notice also bhac the alkyl substictuencs of N-

chloroalanxne and V-chloroleuc ine are unaffected by the ..
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' :ransforma:xon of these reactants xnco the t*ans;clon state

Ay Y 4; R IS S .i‘ha«. L4 it wbine L» oo

species.

- . P P FE ol e wesee b G o s gl g g -
ERETN MO0 LT et ey T . E i i ted . BRRD g:é»}
£ Lo iy £ LA BEEE VLG e der B SETDT D . L

. .
.. . = Brgy 2
BRALT e ., i

m ~

g

. o F ol
& *g\“iﬁ‘! ar f%zg" 5 3 '&»sma i;hii Tam;hii*

o 7-».1

Secause the prcposed reac:zcn mechanxsm (shown in
Scheme 2. 7) does not involve any changes to the alkyl -
-z substituent 'ia going Ercm inicial to :rans*tion scate.ﬁghé
?_concrxbuczons of the alkyl substicuents’ to the surface areas
fiof the reactant and transicion stace remain apptoxzmately
f;constan:, and are thus subtracced off when the d;fference in

§ o e v e e

' the reactant and transition state areas zs taken. J

_ 2 ;e ‘lw
5.

'W‘Therefore. even chough the surface areas of Nbchloroleucxne
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and its transition state are larger than the respective
surface areas for N-chloroalanine, che difference between

#the areas of N-chloroleucine and its transition stace is
approximately equal to the area diffarence between N~
chloroalanine and its transition statce. Based on these

considerations, :he equality shown by equation (6.3) seems

Es
- reasonable. ({Actually, AA* = efers to the change in the
©. cavity surface area: however, o a first approximation, the
change in the cavity surface area can be equated to the

" change in the area of solute wh:.ch is enclosed by the

. . g T . ’ rf‘";,:'
S Phi i” L :f:;yf' T oggdt R T g e e T piad Wl
cavity.) _ : T s g o

Now the constancy of' g will te discussed. From the
| ~experimencal data shown in Table 5.4, the AgAt estimates

for N-chloroalanine and N-chloroleuc:ne are equated as shown

i A&;f i pni 2éen e ey

in equations (6.3) and (6.10). "7

Y285 0F ,e.&..c*@« Ton G AEA;na =ASA;W

B e i

syl Ay B R e N R Y b S P
i RHARNG IR & L I B ¢ of N E A LAk i

olon h s g e F ey g e
3 AR B [ R A e E N S e
0 ,,,r ﬁ\- e R - s.f_a,lx b I3 -

FEvI .gA;,, -xAm=sA§,, e TRT

. . e R T R S I ST
Umiraslondes peiBeacel me nro2osd widY sa

- For the purpose of this preof, I will depart from the

convencional symbolism used throughout this t:hesls and |
“lrewrite equacmn (6.10) l:o give equacion (6. 11).
i crsimones rds RiiwnE wisvior R 3 ” S BUALIUE SO

- .E‘-w.,ﬁx. aAala bAala =cA} “dAleu e slanEy ?7CG.I.].'!"”**'"1"“‘#‘";’@"3
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It can be shown thac a=b=c=d by performing the ...
Eollom.ng operations :Equa:iqn (§.3) is rearranged to gzve

equatiox; (5. 1_2 Yao

SE SRy LT Rt SBE R

. A E L L e % _M, . o oy A
CsRedr fe Booor¥ arsae onitieng SBILL o8 Bringlsg : SR
. Az = AF +Aa|a‘l\|eu . (6-12) e i ek o N
e e By ala ) !ell E Cigimm mdn SRRt lopecEiin

. [ p i e e we T e 2
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whz.c.‘ -s substitutad inco 2guation (5..1)-and rearranged to

e

give equacion (,_6.,*3)'.\_%
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COllgcting terms, .
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(a-t.)A +(a b)Am+(d-a)A|cu=0 o f,(s m S A o

oweess

- If 4.: 8 assumed chat the drea termg are not equal to Zerg,
then for equacion (6.14) to ke valid, n==h==c =d, which |
i _mpl:.es“_, thac g in equaticn_l.‘g.:lqig is a constant. We will |
use chis fact in an -mpe'zdmg calcuiation.

;-_4\;« i '*»3»
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- 6.5, 2 The AgA Da,.amecer Sign. Magnicude, and Var.;anon
| The AgA* estimace is proportional to the difference in
¥ the surface areas of :he solvation shells thac encompass the

- reactant and transition states; the estimacte is proportional
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7+ e the molecular surface area of activation. = In these ?3

snudies¢<AgA§ is always greater than zerg. AS A means o
nvestigate cthe correctaess of the'sign;rgressu:e effect

“studies were performed tc determine the sign of the & ¥
activacion volumes for cdecarboxylative-dechlorination of N-

~chlorocalanine and N-chlorsoleucine. “As shown in Figures 5.28

L

~~ard $.29, the reaction rate decreased at elevated pressures
.and; as discussed in Chapter 3, this tehavior indicates thac
the volumes of activarica for chese reactions are'positive.
in agreement with the sicgn of the AgA? egscimates.- Such ¥

- agreement shows chat che AgA; paramecter values derived from

'  _zwfou:a:rea:men: are ccnsis:eh: in direction with a classical

- quantity, AV"' evaluaced ty a compler.ely-":’.ndependenc""*‘: O

CoE # Ut uaniormoumoosh siionleoTolth

 method."
3&& The sign of AgA¥ ks consistent with the sign of AV*
'buc'what.ahouc the magnitude? To answer this question. the
following calculations were performed with N-chloroalanine

& “",, e

‘data and equation (ﬁ.lal,_fﬁmaémﬁliiiéif““

GliBrremiTs o Lr G2 R wopham R iAol
- -
s AVE= (i)“* ROCHEVIITE 1O 46, 18) TRLRTEE
_ o 117 4 , N _ o
EIBD THYBIIATA bho wool FAUnRIIRS BER ZoUE e
i ;Mk gt f";'; = «» i Fe ¥ l‘!";?ﬁ"‘

where the V-chloroa;an;re molecule is assumed co be a Mi_%'
spherg: is che surface area of an v—chloroalanxne

- molecule (158 £ 5.0 A2). (This was estimaced by using the
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.and its transition state. syodyoer ol ssoriov pols

-« model, cancellation approximacion).::
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has been discussed in Chapter i:} AA* was calculacted by
dividing AgA’t by 0.4, a typical vaiue for g nere we use
the assumption that g is comstant for .both‘N-chloroaianine' '

# w--I have calculated AV values using equacion- (6.15) and

. the average AgAz value presented in Table 6.4 (for cthe cwo-

step model, cancellation approximaction); :Z have also done
- the c_alculat:ic}z_ using the minimum and che maximum AgA:

values for the range given in Table 5.4 (for the two-step

The results of all the
calculations are presented in Tabie 5.3, and can be compared
to the experimentally determined volume of activation for N-
chloroalanine decomposition, 70 + 8.2 cm3/mole or 120 £ 14 '

A3 aolecule-l., The disparity tecween the calculated avi

. values and the e:cperimenn&l av# value is 2-fold or fl‘ess.é“f |
‘These calculations suggest that the magnicudes of the AgA“‘
-‘escimat:es are physically significant; however,. this ,‘5?«7 BAED |
' inference was made Dy comparison €O an experimentally =

. determined volume of activation whose value may be

inaccurate because it was estimated Srom the scattered data

shown in Figure 5.30; and we do not -nszs: on t:he

~; g 1("}’3; :
quanl:;ca-.:we valz.dry of .he calculac:.ou. : '
orerEny e A et BS Eo oo @ EAn el & aa“’f‘% ﬁw

e U . o, P e ,\.' ar Uiy Lo
gy potel oyl LRlatioed 3% cti** SR 9.0 % BRIL slins **’f’ :

foil wrapping technique of Xhossravi and Comnors (45). which
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 usually seen with che solubilicy data. A possible

el Yo owy :‘}f‘v’f’

‘Table 6.5 AgA'J"' estimates (average value and minimum and
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. maximum of the range presented in Table 6.4) and calculaced

AV¥ vaiues for \t—-chloroalarme. The experimentally
determined value Zor AV¥ is 120 ¢ :4 A3 molecule-l.

P E PETANE N

Caiculatedd AVE/ A3 molecule-l

£/22 moiecuie-l
AgA*/A¢ moleculie

__,‘_
ACompare t2 experimentally decermined value of 120 £ 14
AJmOlecul“ 1: 'ﬁ;.‘-;.zk;u:\‘.m B i W Iy, #. ‘.‘-_;.' i e e TE s ookl AR
:‘3 . : : o e

"“te .lgA es:;maces For v-chlorcaxana.ne show about a
3 3- fold solvent-co-solvenc variation, and z:hose for N-
-chloroleucine show about a 2-fold solvem:~:o-solven: 5
variation. Clearly the AgA‘ values are not constant., buc

the solvenc-to-solvent variation is much less than is

SRl

TP Ny

- explanatcicn for the solvent:-:o-solven"'variat*'on may be

drawn from dal:a presenced in Table -.4 of Section 3.4. 'ﬂ“xe S

dat:a in ch:.s t:able demonscraced the sxistence of a soivenn
effect on the activation volume for a Menshutkin reaction;
specifically the magnit:ude of_ the volume was observed to
increase with i:he nonpolarity of the solvent because the
'elec:ric- Eield ércund an ion decreases less rapidly with -

distance in a solvent of lower dielec:iric constanc:

-4
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therefore, electroscriction is greacer ia solvents of low

dzelect.zc constant than in soivencs of hxgher d:.electrz.c

g Dl v 2 lgel ik Do
constam;. ) '

RTINS o sy

x'm ,”.eﬁ,, s g my %y{

As a-scussed .:1 Chapce: 2. bhe decarboxylac:.ve-

dechlormat:mn of \l-chloro ‘a-ammo aCldS occurs :hrough a

B

charge d:.spersmn. which would create an opposite nut: i

re.’.ated effect to eiect os.,nc:c-cm. and ...‘ms a solvent
éffect on che :.W$ £ this reaction would aiso be exnect:ed._
The previous analysis suggested thac AgA* was related t:r.:‘j

- :SV;'. and thus AgA" should t:e .xpecr:.ed ..o dzsplay a solvent

effect as well. 'rhws :nay exp‘az..& why dmxane. wh:.ch has a

small disliecrric constam: relacive -3 Pne other organic

- cosolvents used in =ais s;uay. gives a large AgAi value.

S B | ﬁ‘t‘i«, - 9&?*’ S oadurs PP weiw L Ea B T2 TN - 1 AT
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6.6 Conclusions

- & il o U 2 i 1' "~ Fyia bon ¢ r T

' The phenomencicgical model was used ta quant:xr.at:wely

descnbe the solven: effects on the decamoxylacwe-

o e
o g s

' decnor:nacmn of N-ck ‘loroalan-ne in§ aqueous-orgamc

cosolvem: syst:ems and of Y—cnlo'olnucme ‘a 4 aqueous-

f’“ . P o

organ:.c cosolven: sys;.ems I‘he *wo-s:ep cat'cellat:mn R

approxmanon was able quanc:."anve-y ‘: all che dal:am

"while the one-step cancellacion approximation model‘ can §
‘quantitatively fit most. vbuc aot all 'the da”ﬁé * The o

e T

logarithm of the solvacion exchange consr.ancs was correlaced

wich the log P tP is the l-octanol-water par*:.:x.on
‘ SIRODD DITTRELS. L BEmle B weshee o So wRiBEIELD

i
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coefficient) of the organic cosolvents used in each study.
The plots indicatsd thac :‘;e crganic cosolvencs used in this
scudy feil inrc =wo classes: tiis trend has been ooserved

from previcus ana-ys:.s of surface tension and somb:.l:.r.y ,

dat:a,,“__ _T{ze,AgA*__ values. W“hich are pregortional ©o the .
molecular surface area of 'ictivacion’.' _weregpositii}é for
every system that was studied. Volumes of activation for
‘the reactions, which were decermined by pressure effect
jexperimenzsh;":were also ;ositiv'e.f showing thatg the AgAt .
parameter values cderived from our :reacmen: are consistent
in direction witk che classical quant-t;, av¥, evaluated by L I
a, compietely different metZod. addztmn, ‘the magnitude

, ..E .‘.e AgA*' values Eor v-cn..oroalanme agreed reasonably

well with che AV¥ value det:e.mned in this scudy.
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