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The hydrogen bond is a bond by hydrogen between two
atoms., The hydrogen atom must be loosely held, that is,
gomewhat acidic; the other atom involved must be basie in
the Bronsted sense - ex., nitrogen or oxygen. With only
one orbital electron (the 18 orbital), the hydrogen atom
¢an form but one envulent.bonﬁ. Thus, the hydrogen bond
must be largely ionie., The bond is not strong, since its
energy, 1.e., the energy of the reaction XH + Y -+ XHY, is
only 5 keal. per mole. Having small bond energy and small
activation energy for ite formatlion or rupture, the hydrogen
bond should be of considerable help in the study of reaction
mechanism at ordinary temperatures!

At present, one of the better known methods for study-
ing hydrogen bonding is through infrared absorption spectra.
In the case of the nitro phenols, the characteristic fre-
quency for the OH vibration 1s shifted to a lower frequency
when hydrogen bonding occnrtl'g.

Semerano® has made one of the firet studlies of hydrogen
bonding with the dropping mercury electrode. In the United
ftates, a polarographic method, introduced by Antlus and
MeConnell, has shown marked success with the nitro phenols.

They were able to detect the presence of hydrogen bonds
in ortho nitro phenol in carefully buffered water solutions.
The half-wave reduction potentials for ortho nitro phenol
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were considerably more positive than those for para-nitro-
phenol in aecid solution, but had about the same values in
basle solutions., The wave~height for the reduction of ortho-
nitrophenol in aclid solution was about two-thirds the height
for ortho- nitrophenol in basle solution or for para-nitro-
phenol at any pH, This indicated that the intermediate
hydroxylamine formed by redustion of ortho-nitrophencl is
sufficiently stabilized by a hydrogen bond so that further
reduction to the amine ls not posslble at the dropping mer-
cury eathode.

Further work with the nitrocresols and nitro dihy-
droxy benzenes have confirmed the general oanolualena‘.

Belng less costly than an infrared spectrometer, the
polarograph will undoubtedly find wide application in the
study of those compounde where hydrogen bonds are associated
with groups which can be reduced at the dropping mercury elec~-
trode.

The presence of hydrogen bonding in ortho hydroxy
benzaldehyde should not permit complete reduction to the hy-
droxy benzyl aloohnla. Instead, the ortho hydroxy benzalde-
hyde ghould be partially reduced to only the intermediate
compound, a hydroxy hydrobenzoin. The hydrogen bond should
prevent the further reduction by stabilization of the inter-
nediate compound.

From spatial considerations, the para isomer (para
hydroxy benzaldehyde) should not be able to form hydrogen
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bonde. Hence, the para lsomer should be completely and

more easily reduced. Thpso differences in reduction may
be determined from the wave-heighte and half-wave poten-
tials of the current-voltage curves for these compounds.

Materlals: The para hydroxy benzaldehyde was Eastman
Kodak bisulfite K purified and melted at 115-117°, The ortho
hydroxy benzaldehyde was Eastman Kodak, best grade. Diffi-
culty was experienced in making aqueous solutions of the
orthe isomer. Small white particles appeared. They were
thought to be oxidation products. The ortho hydroxy benzalde~
hyde wae then purified by distillation in an inert nitrogen
atmosphere, under reduced pressure. Main fraction bolled at
880, 20 mm, Hg pressure. After this distillation, no difri-
culty was experienced in making solutions.

4 x 10”° molar water solutions of sach compound were
prepared. Portions of these stoek solutions were diluted to
desired concentration, with appropriate buffers. Ruxlfainl’-
buffer solutions were used. Solutlions were made up go that
when three parts of buffer were mixed with one part of 0,004
molar solutions of the reducible materials, the resulting solu-
tlon wae of the desired concentration for the given pH; the
resulting strength was then 0,001 molar, Buffers were not
made up quantitatively, but the pH values of these solutions
were determined on a Beokman glass electrode pH meter. The
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'high sslt content of the buffers made the addition of & sup-
porting elesctirolyte unnecessary. It was found that 6 ml.

of a 0.04% solution of bromerescl green and 12 ml, of a 0,00%
alecoholic solution of methyl red added %o 2.5 liters of buf-
fer nade an excellent maximum suppressor. Inecidentally, the
wse of sueh dyes was found to be the best method of prevent-
ing the formation of mold in the buffers.

Hercury used was vacuum distilled.

Eleetrolysis Cell - Our ¢ell consisted of a standard
saturated calomsl eleetrode which dipped into a saturated
potaseium chloride salt bridge solution. An agar bridge satu-
rated with potassium chloride led to a vessel containing the
meroury-dropping cathode and solution to be studied. The
obvious advantage of such a cell is that all measurements are
made with reference to a standard eleoctrode. The falrly rapid

deterioration of the agar bridge is a disadvantage. However,
work should be done with more than one Junction to aveid 4if-
ficulties due to diffusion; the resistance of the cell 1is
measured every time a new Junction ls used. |

Since difficultles were encountered in making agar
bridges according to laboratory manual instruction, the method
ve used is desoribed here in detailli Take enough agar 50 make
a 3% solution and soak overnight in 200 to 300 ml, of water.
Next day, drain-off water and add to the agar 100 to 200 ml,
of saturated potassium chloride. Heat to boilling; agar will
dissolve. This is lmportant, Most instruetions do not
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éiaammand this step. Ho;evar, we found this to be the only
way to get the gel to set. Agar bridges when not in use
should be kept in distilled water to prevent their drying
out,

Capillary - Much trouble was experienced with the mer-
eury~droppling caplllary until a satlsfactory method of clean-
ing and care was worked out., Procedures given in tho litera~
ture are conflieting. The best method is to keep the capil-
lary immersed in distilled water, with a head of mercury suf-
flelent to keep capillary full but not enough to cause Hg %o
drop. MNever should the capillary be removed from solution
without first stopping the flow of mercury.

If the caplllary becomes plugged, immerse the eapillary
end completely in bolling acua regla for four to five hours.
Aqua regla is removed by washing with distilled water and alco-
hol. Capillary is then dried in oven. Progress in cleaning
g¢an be noted by observing the capillary under a microscope.
For this method, we are indebted to Professor Hurd,

If a number of capillaries are to be kept, fill them
with mereury and cover each end with rubber tips ("poliscemen").
The rubber tips must be bolled in caustlic to remove any free
sulfur left from vuloanization, othorwzno the capillary will
become contaminated with Hgd.

Thermogtat - Temperature was maintained at 28 % 0.2,
with a water bath, bimetallle regulator, and an elsetrie
heater. At first a small stirrer was used, but vibratione
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from it motor were Shought to interfere with the drop rate,
Howswer, it 1s suggested that & small vibrationless stirrer
 be used %o malntaln & more sonstant Temperature.
 gs)) Resistangs - References in the litarature to

measursnents of osll resletance are soarce. Ths only artlicles
we know are thoge of D, nmu‘ and O, nﬁxn’.v

Whether Ilkovie meun$ to make a static measursnent op
not is hard to determine. The faet that he used & resistance
in ehunt with the elestrolysis sell would seem So indleste
that he was making & messurenent with a D.0, voltage appiied
to the oell, The shunt would effectively keep the 1.0, sone
ponent of f the bridge. But the 4.0, bridge would then zessure
the A.C, reslatence of the battery, not the resistanse of the
esll. For, sinoe battery and electrolysis oell ars in paral-
lel, and sinos the oell's resiatance 1s at least thirty tines
that of the battery, the cell would appear as an open eirouls
to the mm&m bridge. This was polnted out to ug by Hr,
¥,0, Yovits, of the Physice Department.

fSush & measursment, superficially at least, would appesy
sorrect, sinoe we usually like to know the sharscteristics of
an instrument under operating donditions. Howsver, to make
such & seasurenent and not get the batitery mwhm is very
aifriouls.

Henoe, we then procecded %o uake 4 static measurenent
of the vell reslstance with the condustance bridge. Here
the bridge posts ave siuply connected direotly to the tershmals
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no voltage is applied, and a balance is obtained. Cell resis-
tance so determined was 2900 ohme, which is a reasonable
value for the eell of our design.

Knowing R, the reslstance of the elrouls; V, the
applied voltage; I, the correeponding current; Er, the po-
tential of the non-polarizing reference electrode which is
in series with the small polarizable electrode; the potential
E, of the polarized small elesotrode,le obtalned from

: E=Er+V -~ IR,

Vhether Miller's' method s equivalent %o the above
method should make an interesting experiment.

Ingtrument -~ The instrument was a Figher "Elecdropode®,
manually operated. Caplllaries having a dropping rate of
about 7.8 peconds at a mereury height of 69 om, were used, The
na/at;/1° value for the capillary was 2.84 ag.g/a ala.’lfg, as
determined by a method of Kolthnfra.

Galvonometer sensitivity wae 1,90 x 1072 miere auperes
per scale division as determined by a method of xalthnffg‘

In order to remove oxygen from the solutions, commercial
tank nitrogen was passed through the electrolysis cell. Nitro-
gen was found to be satisfaetory without a Jones redustor.
litrogen wae first passed through a sample of the cell solu-
tion so that the gas would not remove the compound to be re~
duced from the solution by a process analogous to steam dlstil-
lation.
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A% one time it was found 4ifficult te obtain a con-
gletent drop rate. It was suggested that the mercury reser- |
voir might be "ereeping" down the rod which supported 1%.

A ¢lamp was placed under the reservolr. This very effsetive~
1y prevented the "oreep", and consistent drop rates were
then obtained. .

- Polarographlec waves were obtalned for ortho-hydroxy
benzaldshyde from a pH of 2.4 to 8.1. The current-voltage

eurves consisted of single waves.

~pH Naye Helght - |
{in micro amps.)

2.4* 2.80 0.54

5.1% 5.22 1.02

8.0" 6.45 1.26

2.9" 2.45 0.48

s.e: 5,20 1.08

8. 5.80 1.0

8 - cell resistance 10,000 ohme
| {probably alr bubbles in Junetion).
b - gell resistance 2900 ohms,
Values of wave heighte are low, probably due to extra-

polation of residual current. Instead, a "blank" for each pH
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ghould be run, and this value of the residusl current sub-
tracted from the height of the wave plateau. BSee ﬂ%llerla
and Kolthmrflx.

As can be sesen, the wave height for the reduction of
the o-hydroxy benzaldahyap in very acid medium is only about
one-half its value in alkaline medium. In alkaline medium
where hydrogen bonding becomes imposaible for the ortho com-
pound, its reduction sghould go to the hydroxy benzyl aloahnl.a
However, in itrmngly acid solutions, hydrogen bonding 1s
present and interferes with complete reduction.

The number of eleotrons involved in the reduction may

be ealculated by means of the Ilkovie equation:
1, = 60snn™ “on®/31/6  op

B =~ Com /B 5TE

where

Ia = average current in microamperes during 1life of a
drop,

n = number of electrons required per mole of the eleo-
trods reaction,

D = aiffusion coefficient of the reducible or oxidizable

3:00.‘1,

substance in the units om.
¢ = Aites concentration in millimoles per liter,
m = vate of flow of meroury from the dropping electrode
capillary expressed in the units mg. se0.t,

t = drop time in geconds.
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The difficulty here is obtaining the wvalue for the
diffusion coefflicient D, It may be ealoulated by sssuming
that the molecule ig about the same size as the benzoate
ion and thus should diffuse at the same rate. The diffusion
gcoefficient for the benzoate ion is determined from its
gouivalent conductance at infinite dllﬁtion}g. Heking the
ealeulation for the diffusion coefflelent of ortho-hydroxy
bengzaldehyde on this basis gives a value of 8.86 x 10“&3.’
sec.”t at 280, gubetituting into the Ilkoviec equation and
solving for the number of electrons gives the "n" values
tabulated,

The helf-wave potentisl, the voltage point where the
curve inflects before going into a wave plateau, is also
significant. It will be noted from the grapha that the more
aoid the solution, the lower the half-wave potential. In
other worde, redustion in acld solution, eince less voltage
is required, is easlier than reduction in basie solution.

The hydrogen bond makes the oxygen of the CHO group of ortho-
hydroxy benzaldehyde lees negative. Being more positive, the
oxygen attracts electrons more readily and hence is more
easily reduced.

Thue, in acid solution, reduction is made easler by
the presence of hydrogen bonding (as determined from the half-
wave potentials); although complete reduction is prevented by
hydrogen bonding (as determined from the wave-heights).
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These views, however, are not conclusive, singe reduc-
tion to hydroxy benzyl aloohol involves two electrons, while
reduction to the intermediate reaction product involves one
eleotron., Moreover, we were unable to obitain polarographie
waves with the para isomer. Thus, we did not have a “gontrol® .
We had hoped to show that the wave height of the para cou;
pound remained constant with any pH, and hence the para com-
pound showed no hydrogen bonding.

It is believed that the reason we did not obtain ochar-
acteristioc ourrcnt~vu1tn¢o gurves was that the para isomer,
not having protective hydrogen bonding, had been oxidized.
Hence, the parae isomer could not be roduéo& at the dropping
mereury electrode. In future polarographie work with para-
hydroxy benzaldehyde, we recommend that the compound, after
'hﬁzng\proparud or purified, be kept in a sealed glass tube
filled with nitrogen until ready for use. Then solutlons
should be prepared and the polarogram made within the hour,

The polarographic method should be able to determine
the presence of hydrogen bonds in ortho-hydroxy benzaldshyde
in carefully buffered water solutions. The wave~height for
the reduction of ortho~-hydroxy benzaldehyde in acid solution
ig about one~half the height in basle solution. This would
seem to indicate that the intermediate reduction pﬁﬂdﬁﬁt is
formed by the reduction of ortho-hydroxy benzaldehyde in aeld
medium, This intermediate ie stabilized by the presence of a
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hydrogen bond, so that fwrther reduction %o the hydroxy
benzyl aleohol ig not possible at the dropping mercury elec-
trode. |

Worsover, since the more acid the solution the smaller
the voltage required for reduction, hydrogen bonding in ortho-
hydroxy bensaldshyde makes reduction easier to take place.

In alkaline solutions, ortho-hydroxy benzaldehyde, when
reduced, proceeds to hydroxy benzyl aleohol, as determined
from wave-height considerations, ‘
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