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Final Report for Contract N60921-82-C0039
with Naval Surface Weapons Laboratory

Professor R.W. Taft

Attn: Dr. M.S. Kamlet

Values of a, the hydrogen-bond donor ability of pure protonic

solventsl

, have been obtained for 18 important solvents {(cf. Table A).
These values were calculated from 25 data sets which involve a sig-
nificant number of both non-protonic and protonic solvents and for
which the solute measurement is relatively sensitive to the solvent
hydrogen bond donor ability. The individual a; values of Table A

were calculated from the correlation equationl, XYZ=c+sT*+ao expressed

XYZ-c—-sT* .
as: aq;= /. The values were averaged to qgive Yave

values given in Table A. 1In Table B are given the various spectro-
scopic probe measurements XYZ (electronic transitions, Cl3 and p3!
NMR shifts) used in the 25 correlations, the values of c¢,s, and a
obtained for each correlation equation, as well as the statistical

fit parameters. For protonic solvents, the 7* values used were

those recently reportedz. Four iterations of the 25 correlations
equations were carried out to obtain the "limiting" values of L given
in Table A.

The a scale includes structural effects of solvent self-asso-
ciation as well as of inherent molecular hydrogen-bond donor abilities.
The results for C-H acidic solvents appear to be the least affected
by self-association. The order of o values found for these solvents
is (CH3)2C0<CH3CN<CH3N02<CH2C12<CHC13. These are striking results
since the a values reflect approximately the inherent order of mole-

cular hydrogen bond donor abilities of these C-H acids. This order

is distinctly different than that for the gas phase acidities:




’———_—;"‘1

CH2C12<CHC13<CH3CN<(CH3)2C0<CH3N02. Consequently, the results are
important in establishing different orders of acidity for hydrogen
bonding than for proton transfer. For hydrogen-bonding acidities,
there apvears to be little importance of resonance stabilization
of the conjugate base of the C-H acid, but instead inductive elec-
tron-withdrawal which increases the positive charge on hydrogen is
the dominant effect. For proton transfer acidity, on the other
hand, the dominant effect tends to be resonance stabilization of
the carbanionic conjugate base.

Also included in this report is a summary of interrelation- i

ships between the various solvent property scales. This work was

presented in a poster session at the Euchem Conference on Corre-
lation Analysis in Organic Chemistry, Hull, England, July 19-23,
1982.
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D

IMTERRELATTONSHIPS BETWEEN THE VARIOUS SOLVENT
PROPERTY SCALES

R. W, TAFT anD M. J. KAMLET

Dept, oF_CHEMISTRY, UNIVERSITY oF CALIFORNIA, IRVINE,
CA 92717, AND NAVA§ SURFACﬁ WEAPONSNCENTER, WHITE SAK
LABORATORY, SiLVER SprING, MD 29917, ., S,’A

THE SOLVATOCHROMIC EQUATIONS AND PARAMETERS
= + s(f* + + 8+
L XYZ=XVZ,+s(* +0) +ax(+ a8+ ud, v b
T* IS A SCALE OF SQLVENT DIPOLARITY/POLARIZABILITY,

1S A SCALE OF (HBD) AcipiTY.

IS A SCALE OF SOLVENT HYDROGEN BOND AcCCEPTOR (HBA) BASICITY.

IS Almmwﬂmmm_aagms;’ EQuAL TO0 0.0 FOR NON- J
CHLORINATED ALIPHATIC SOLVENTS, . FOR .POLYCHLORINATED j

ALIPHATICS AND 1,0 FOR AROMATIC SOLVENTS

éﬂ; THE HILDEBRAND SOLUBILITY PARAMETER, IS A MEASURE OF SOLVENT-
SOLVENT INTERACTIONS WHICH ARE INTERRUPTED IN CREATING A
CAVITY FOR THE SOLUTE,

£ 15 A , EQUAL TO -0.20 FoR P=0
0.

-.\

o~ IR |

BASES, U,!) FOR ; AND N=0..BASES FOR SINGLE RONDED ;

OXYGEN BASES, 7.8 FOR PYRIDINES, AND 1.0 FOR ALKYLAMINE BASES. ;
THE S, D, A, 92 AND H COEFFICIENTS MEASURE THE RELATIV% SUSCEPTI-
BILITIES OF XY/ TO THE INDICATED SOLVENT PROPERTIES. IHE D TERM
IS NIL FOR ELECTRONIC SPECTRA WHICH ARE SHIFTED BATHOCHROMICALLY -
WITH INCREASING SOLVENT DIPOLARITY, AND IS FINITE AND (USUALLY)
NEGATIVE FOR OTHER XYZ's,

By A JUDICIOUS CHOICE OF SOLVENTS AND REACTANTS OR INDICATORS, IT IS USU-
ALLY POSSIBLE TO REDUCE EQ L TO A MORE MANAGEABLE ONE OR TWO TERM EQUA-
TION, OR EXAMPLE, FOR CERTAIN BASICITY DEPENDENT PROPERTIES,

2. XYZ=XYZ,+ 88+ E§

XYZ 1N EQ 1 IS, FOR EXAMPLE, THE LOGARITHM OF A RATE OR EQUILIBRIUM
CONSTANT, A FLUORESCENCE LIFETIME, 0% A 5LC PARTéTIEN COTEFICIENT, A POSI-
T:ON OR INTENSIEY OF MAXIMAL ABSORPTION IN AN NMR, ESR, IR, or UV/visiBLE
SPECTRUM, AN NMR COUPLING CONSTANT, OR A FREE..ENERGY OF SOLUTION OR OF
TRANSFER BETWEEN SOLVENTS OF A DIPOLAR SOLUTE,

XYZ IN EQ 2 1S, FOR EXAMPLE, AN IR FREQUENCY SHIFT (FREE MINUS
HYDROGEN BONDED), AN ENTHALPY OF FORMATION OF A HYDROGEN BONDED OR LEWIS
ACID/BASE COMPLEX, OR, THE FREE ENERGY.OF TRANSFER OF A PROTON TO AQUEOUS
BASE FROM AQUEOUS NH4+ (THE LATTER QUANTITY BEING LINEAR WITH PKp).




.. |

’ TasLe 1. CorretAT1ON CoerricienTs For LINEAR ReEGRESS1OM EQUATIONS
WITH T (SELECT SOLVENTS), 5
SOLVENT ScAlE OR PROPERTY _B N
DIPOLE MOMENT, Y4 0,985 23
REICHARDT AND DIMROTH’ s_E (3Q), UV/vis BETAINE 0.937 12
BROOKER's Xg, UV/vis MEROCYANINE 0.987 16
LASSAU AND JuNGers’ Log k(Mel + Pr 3“4) 0.985 13
WALTHER'S o UV/VIS MOLYBDENUM COMPLEX 0.977 9
NAPIER AND KNAUER's Ay ESR N1TROXIDE 0.978 0
ALLERHAND AND SCHLEYER'S G, IR SHIFTS 0.993 8.
Taet’s B, 19F-MR 4-F-CeH, =0 0,989 12
BROWNSTEIN'S S (EXTENSION oF Kosower's 7) 0.981 19
SNYDER'S P, GAS/LIQUID PARTITION COEFFICIENTS 0.991 21
SuTMANN'S AccepTor dumser, AN, 31P-NMR sWiFTs oF ETzP=0  0.960 10
§
110 F
l .
soh .' L
25 } ;
} 100 - !
z.oT- |
“l 90 |
1 1.5
: 1.0 80 I
| S
lbr-s
- 70 b
[}
! o
olel & O E7(30), SCALE A, r= 0985 60
HEHER » e ® SELECT SOLVENT SET
» O OTHER SOLVENTS
J' P S S 01 e A HBO SOLVENTS
] 2 4 5 E 1.0 /
¢ DIMROTH'S 57(30) BROOKER'S Xp ., AND THE NMR.BASED SOLVENT r L L 1 I [ 1
POLARITY PARAMETER, P, FOR SELECTSOLVEN'I’sPLOTTEDAGMNST 0 0.2 0.4 05 08 1.0

CORRESPONDING SOLVENT £* VALUES. SELECT SOLVENT ARE NON-
CHLORINATED ALIPMATIC SOLVENTS FOR WHICH v* IS PROPORTIONAL ﬂ:"‘
TO MOLECULAR DIPOLE MOMENT. :

Allerhand and Schleyer's G Values
Plotted against 7T+




TAFT's P PLOTTED AGAINST ™ AND
AGAINST (1 - 0.168)

Taft, Abboud, and Kamler

83 Re e 0s 5 0 62 04 oF o4 8
»* ”ouies
Figure 3. { ™ for p-fluoronitrosobenzene plotted (a) against =* and
(b) against (v® - 0.165). Symbols for the solvent [amilies are as in

Figure 1.
w1 aumanc souvmnrs > Nap1ER AND KNAUER'S Ay
el RoMATC SOLVBTS © PLOTTED AGAINST 1f* AND AGAINST
*
o P @* - 0.139)
&
Fud
®war
w2 r = 0.972
ity T T R T T ) R I G T
r° =-0138
Figwre 4. AN for di-ter1-butyl nitroxide plotted (a) against »* and (b)
against (r® - 0.138).
—
1086 J. Am. Chem. Soc., Voi. 103, No. 5, 1981 -
r= 0968 CORRELATION OF g™ WITH THE SOLVENT
2 POLYEHLORNATED ALIPeaTIES TS DIPOLE MOMENT, M, AND THE “REDUCING
L ® AROMATIC SOLVENTS "
10 o o FUNCTION" @,
[ ) ® N
o T . THE P/F RATIO IN THE RELATIONSHIP, |
k| XYZ = XYZ, + Fll + P
- IS LINEAR WITH THE D TERM IN
Q (™ + pd), WITH THE D TERM BECOMING
INCREASINGLY NEGATIVE AS THE POLAR- -
T YTTTI T IZABILITY CONTRIBUTION BECOMES LESS
ne -
oy 221 IMPORTANT,
[ s +
t
L L ] L
4 [ K] 1.0
0.012+0.229 4 + 10.77¢

Figure 8. Correlation of =* with u and ».




HRD SoiveNTs, CORRELATIONS WITHT * ANDK,

WHEN THE SET OF SOLV§NTS CONSIDERED INCLUDES ALSO PROTONIC SOL-
VENTS, EFFECTS OF SOLVENT HBD (HYDROGEN BOND DONOR) ACIDITY MUST ALSO BE
INCLUDED IN THE SOLVATOCHROMIC EQUATIONS. MULTIPLE LINEAR REGRESSICN
EQUATIONS IN AND X OR (7" +DO) AND X SHOW THAT THE EARLIER SOLVENT
PROPERTY SCALES, REPRESENTED AS MEASURES OF EITHE§ SOLVENT POLARITY (10N
1ZING POWER) OR SOLVENT ELECTROPHILICITY (ACIDITY) ARE, IN FACT, MEA-
SURES OF LINEAR COMBINATIONS OF BOTH PROPERTIES.

THus, FOR REICHARDT AND DIMROTH’S BETAINE,

_ET(BO) = 37,3 + 14,60™ -0,238) + 16,4« , N =44, r = 9,393
SIMILARLY,
‘r=0.990 P
14 -7 T ®
| © ALIPMATIC NON-MBD r *0.997 . 20
. & PYRIDINE S0+ 0.68 heal/mel
; sol ¥t A
! © ALIPHATIC WSO
i 154 .
‘ ° o hd
: - £ /
: v | .
_\6 [ 1~} ‘/ 10h PY ®
- Vs
 § - A . i
EX DIOXAN
. Sk T4
To0} o’ - /‘
t ' - e 8 © © NON-PROTIC SOLVENTS
/ / ® HYDROGEN BOND DONOR SOLVENTS
4 l 1 1 [ ’
1) ™) . s
|6.29(1--0.3003) +20.30a+ 54.34 ! ; ! " R R
¥gsower's 7 as function ! jm ® 15 20
v L +1L73 ¥* «15.67
of (* + d§) and &. ) oy anp raus e ccTmomciTypas *
FUNCTION OF r* AND o, AMETER, E, AS A COMBINED
© N30 SLVENTS 20 ‘ s
$0f O ALPHATIC NONNRD SOLVEXTS
® AROMATIC NON-HED SOLYENTS
o et
L [ ¢
[
. rd
sob : Ny AN) as a
,, function of (n’* + do) and X.
2 N
i
; .20k 0 % °
‘ l‘-w
| .0% {ex 28, 201)
. 10 § on
o &
‘ /,
. 1 ue L. 1
) ) 7] T} 0 M)
148+ 73,8 (n*=-00838) + 320




ExaMPLES OF FI CORRELATIONS

el « °
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ExaMmrLES OF FD CORRELATIONS
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