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STUDY OF HYDROGEN FONDING IN S0LUTIONS,
LETERMINATION OF THE STRENGTE OF THE HYDROGEN BOKD
BY A VAPOR PRESSURE METHOD

CHAPTER 1

INTRODUCTION

Vany years ago, sclentlsts recognized that special
theories were necessary to explain the hehavior of agsocliatac
eompounds, Emperically, they found that assoclation was more
1ikely amoncs molecules containins certain functional «roups
than among others. For example, alcoholg and phenols formed
associlated complexes readlly, whereas hydrocarbons did not,

4 particularly tenaclous intersction was recognlzed 1in mole-
cules with hydrogen-containing functional gv:roups.?"3 Investi-
sations have established that when covalently linked with an
atom of a highly electronegative element (especlally fluorine
and oxygen), the hydrozen atom is capable of combining with
one more atom of the same element giving rise to the so call-
ed *hydrogen bond".u

This peculiarity of the nydrorsen atom is dnue tc the
fact that when it loses its only electron to form a bond with
a strongly electronegative element, a nucleus of very small
gsize remalns, almost devold of any electron ch=11, It is,
therefore, not repelled, but attracted by the electron chell
of any third atom and may interact with it.

1
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An outstanding example of the hydroren bond format-
jon is the self-association of hydro~en fluoride, water and
ammonia, In such cases, the hydroren atom gets as a link bet-
ween two electronegative atoms giving rise to the formatlon
of relatively compleX molecular specles by the union of two
or more simple molecules, The presence of the hydrogen bonds
in such compounds accounts for many of their abnormal proper-
ties, as for example, their high melting and bollin=~ points,
and hich heats of vaporization.

The phenomencn of hydrosen hond formation is very
important because of its widespread occurrence in inoersanic,
oreanic and blological materials. The most frultful apnlicHht-
1ons of the hydrosen bridge theory will be to a better under-
standing of the nature and behavior of complicated organic
substances such as gels, proteins, starch, cellulose, sugars,
haemoglobin and related substances. Entire industries have
been founded on the connecting and disconnectine of hydrogen
bonds, for example, the industry of synthetlc fibers and
papers. Among the rapldly ovpening flelds of applications of
hydrogen bonding are catalysis, enzymes activity, dyeing,
kinetics and adsorption. The rate of passase of & compound
throuch a chromatographic column 35 partly determined by
tnteractions, involving hydrosen bonding, between the compou-
nd and the adsorbent.

Astle reviewed the role of hydrogen bonds in pole-
rographic analysls. Intramolecular hydrogen bonding penerally
makes the reduction of a reactive group easier, conseguently
the internal bond will influence polarograms,., Hydrogen bond -

inc also plays an important role in fixing reaction mechanlsme.
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3
When hydrogen bonding grouns are present in a reactine system,
the reactlon may be affected by the formation of chelated
confieurations or by the intermolecular packing of hyvdroren
bonded asgrecsates of reactants or resultants and solvents.

As mentioned before, hydrozen bonding involves two
functional groups in the same, or in different molecules, One
of these groups must serve as 2 vroton donor {an acldle groun)
and the other as an electron donor (a basle ~roup). WMost
commonly, the proton As donated by a carboxyl, hydroxyl, amine
or amide sroup. Alsc, the proton attached to & halogen can be
active in hydrogen bonding. “he usual electron contributing
parts of the molecule are OXYygZens in carbonyls, ethers and
hydroxyls: nitrogens in amines and 1in N-heterocyclic compounds;
snd haloeen atoms in particular molecular environments.

go glve a more specifle definition, Pimentel and
MeClellan, have presented the following onerational definit-
jon for the hydrogen bond:

15, hydrogen bond exists between a functional groun
A-H and an atom or group of atoms B in the same or & different
molecule when:

a) there is evidence of bond formation {assoclatlon

or chelation).

b) there is evidence that thls new pond linking A-EF

and B, specifically involves the hydrogen atonm
already bonded to A"
In order to subclassify hydrogen bonds, Hunter and

7
¥arriot defined two kinds of the hydrozen bond A=Y, ..
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L
5 homopeneous® hydroger bonds where A and B are jdentical
functional groups, and "heterogeneous® hydrogen bonds where A
and B are different.

Oshida, et al.8 distinsuished three types of hydrog-
en bonds: 1) the type oecurring in alcohols in which the hyd-
rogen atom moves from one oxygen atom towards another: ii) a
type involving resonance, and occurring, for example, among
amides: 111) another type involving a symmetrical hydrogen
bond .

Sobezyk has a gimilar classificatlion into four
types: 1) the van der waals' type, where the nroton remains
strongly attached to A: 2} the shortened bond type, in which
the gquantum mechanical forces enhance the van der Waals® for-
ces: 3) the symmetrical bond type: and 4) the polar bdord tyvre.
ir which the proton becomes strongly attached to B.

Cannon10 proposed the following criteria for hydro-
gen bond formation:

1. asymmetry of the nonbonding orbitael of the proton

acceptor.

2, partial lonlc character of the A-H bond of the

| donor.
3. P"proton transfer can occur ard a broad absorptlon
band results.”
Unfortunately, the filrst two o® *hese xriterisa are accergslible
only through indirect, and sometimes heavily intultive, inter-
pretation of observational results. Nevertheless, Cannonl1

was led to the conclusion that the tendency of the N-H (of
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5
amides) to form & hydrogen hond will be very smell. He, how-
ever, recopnized the associatlion of amides and attributed it
to dipole-dipeole Interaction.

Tt is a well ¥mowm fact thet the formation of &
hydrosen hond 1in & solution or & compound modifies a rreet
many physical and a few chemical nromerties. The most comm-
only observed physical property madifications are frequsrey
shifts of IR and HRaman bands, proton me-metic resonance shiffs,
~ltered freezing and boiling points, solubility differsmees
ag a result of hydrogen bonding hetween solvent and sclute,
deviation from ideal ces and solution’s iaws and charred diel=
cctric properties and electricel conductivity. Deviation frovr
ideal ces and solution laws are coaused princinally by the
increased molecular welght resulting when one compleX unit
ig formed from more than one molesule, Electricel nroper®iss
are unusuzl for hydrogen honded suratences hecanse the dinoles
are effected by the nositions of the hydrogen =ztoms,

These abnormal nroverties are very helpful in dr te-
ctinz the existence and extent ef hydrogen hondinr, Fvdrogen
honds were first detected through the soluhrility studies,lawd
were quic¥ly found by many other classical methods aveilstkle
i{n the rirst quarter of the twentieth century.

Besinning in the mid-thirties, the IR and Raman Shi-
ctrescopic technicues achieved magor jmportesnce in the detec-
tion of the hydrogen 1:>rmdf!n:1{!:.12-1 9t4111 leter, neutror J1iff-

raction and high resolution proton marnetic resonance measuyoo

mrrte became avalilable to desocribe the pesitions of hrdrnger
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