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I. INTRODUCTION

In 1926 it was found that’tha whole liver was active
againgt perneclous anemia (1), This discovery instigated
research in the fractionation of the whole liver and the iso-
lation of the chemical responsible for the medicinal effect.
After twenty-two years of tedious and often frustrating 1abof,
the pure materisl was isolated in crystalline form. The
isolation was achieved practlically simultansously by thres
research groups (2, 3, li). The pure principle was designated
vitamin By,. It was found to have an extraordinary potency,
for one microgram per day proved sufflecient to cure perne~
clous anemia (5).

Further investigations revealed that vitamin By, was
produced in culturavbretha by & strain of $. Griseus (6).
Crystalline By, is produced commerclally from the broths re-
&aining after the extraction of streptomycin. The vitamin
1s also found in a sewage and 1s also prepared commercially
from sewage. Learge quantities of vitamin By, are now manu=
factured and the price has been dropping steadily. At present
(1955), the price is $2L,5 per gram of crystaliime material,

A considerable body of work has now been publigshed on the
chemistry of vitamin Byp+ BEarly investigatlons revealed that
the molecular weight of 312 was somewhere between 1300 and |
1575 (7), and that vitamin By, contalned cobait andvphosphorué
(8, 9, 10).



On strenuous acid hydrolysis with hydrochloric acid
vitamin By, yielded 5,6-dimethylbenzimidazole, ribose, phos-
phoric acid, ammonium chloride, l-amino«~Z2-propenocl and s red
acidic, cobalt-contalning plgment of high molecular weight.
The presence of the ammonla and phosphate ions was recognized
in the early studies (11, 12). The 5,6~dimethylbenzimidazole
was isolated from the hydrochloric acid hydrolyzate (13,1L),
and the structure was confirmed by the comparison to the pure
5,6-dimetylbenzimidazole {15, 16). The mild acid hydrolysis
of vitamin By, ylelded l-d~D=ribofuranosido=-5,6-dimethylben=~
zimidazole (17, 18), The structure was proved by synthetic
methods. The presence of l-amino-2=-propanol was observed in
acld hydrolyzates subjected to paper chromatography (4, 19).
Ths gtructure of l-amino~Z2-propanol was proved by classical
chemical methods (19). Some doubt exists as to the number of
l~amino«2~propanol groups present; there have bsen postu-
lated one and two moles of leamlno-~Z2«propanocl psr mole of
vitamin By, (20, 21, 22). It was found that the first group
of phosphoric acid was attached to the rlbose, and the second
phosphate group was attached through l-~amino-2«propanol to
the red acid fragment (23). The remaining fres aclid group of
the phosphate 1s neutralized by a posltive charge on the
cobalt atom (24).

The presence of a cyanide group in the molecule of
vitamin By, was first found in the coufaa of a permanganate

oxidation (25). The cysanide group was proved to be attached



directly to the cobalt atom (26), and to be easily replaced by
a hydroxide group upon exposing an aqueous solution of vitamin
812 to visible or near ultraviolet radiation (27). The cyanide
group can also be replaced by other negative radicals (28, 29).
All of the derivatives are converted into vitamin By, by the
treatment with cyanide.

The nature of the red acid fragment was a mystery until
the end of 195, Early attempts to obtain the pure red acld
fragment failed. The red acld fragment produced by hydrochlo«
ric acld hydrolysis indicated presence of as man& as seven
carboxylic acid groups (30). Application of the Plimer modi-
fication of the Van Slyke amino nitrogen method showed the
presence In the molecule of five primary amlde groups (31).
However, in the latest structure proposed by the group at
Cambridge University (32, 33) there are shown s8ix primary
amide groups. The chemical methods of the degradation of the
red acid fragmeﬁt led practically nowhere untll the hexa-
carboxylic acid, the degradation product, was isolated as a
pure crystalline material (34). This crystallization enabled
the elucldatlon of its structure by X-ray crystallographic
methods (35) and, in turn, to a formulation of the structure
of the vitamin 1tself, Fig. 1 (32). The actual structure
was elaborated from the X-ray crystallographic work on the red
fragment and the chemlcal work on the peripheral material
(33). The structure of vitamin By, 1s not entirelj solved.

The positions of the double bonds in the ring structure, and



Fig. 1 Structure of Vitamin 'Bla’
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the stereo chemical configuration are unsettled. There is
gerious doubt as to the existence of six free amide groups
and to»tha exact nature of the phosphate linkages.

The presence of & cobalt atom in the molecule of vitamin
By» presented number of problems in coordination chemistry
which has been the primary concern of the group at Iowa State
College. The valence state of the cobalt was established as
three by megnetic susceptibility measurements (36, 37) and
polarographic studies (38, 39). A purple derivative of By,
obtalined by treatment with excess cyanlde was dlscovered and
its properties investigated (l,0). The valence state of the
- reduced form of vitamln Byo (called vitamin Byp.) was estab-
lished by the means of oxidation resctions and by polarographic
studies (1, L2, L3). It was proved also that the cyanlde
ion in vitamin By, was reduced to methylamine by hydrogen in
presence of platinum (i), The ammonim liberated on acid
hydrolysis was found to be five molecules per molecule of
vitamin Byo (L5). The absence of primaﬁy amino groups, and
the presence of five primary amlde graﬁps was shown (31).
Vitamin Bl&a was found to act as a catalyst in the alr oxida-
tion of iodide to lodine (46). It was shown also that the
vitamin was not hydrolyzed by the enzyme phosphatase (L47).

In the evaluatlion of the polarographic studies of
vitamins Byo, Bypgs and Bypy it was necessary to determine the
diffusion coefflcients of these mﬁterials. Barly values ob-

tained for the diffusion coefficlents of Byp and Bypy gave



erroneous results for the molecular welgnts as calculated by
the Stokes-Einstelin equation, less than halfl of the sctual
value of 1370 for By, and an acceptable value for Bjpg.
Although no great claim is made for the applicability of the
Stokes~Einstein equation to sueh small molecules, 1t was
puzzling that the method should fail for By, but yleld a
satlsfactory molecular weight for the closely related material,
Byog* ‘The primary purpose of the work described in the present
thesis 1s to resolve this difficulty. 'Briefly, the diffusion
coefficients have been redetermined by a more acceptable
method. The appearent speciflic volumes of the vitamins have
been measured by a preclse pycnometric method. It was found
that Byo,, but not Byp, unites with oxygen In a reversible
fashion. A quantitetive method has been devised for studying
the union of Bjp, and oxygen. Finally, the effects of thia‘
oxygenation on the absorption spectrum, conductivity, and

catalytic effects of Byp, have been studied.’



IT. DIFFUSION COEFFICIENTS OF VITAMINS 512 AND Bjyog,
A, Introduction

Miscible materials in nonhomogensous solution tend %o
migrate from regions of higher concentration to lower concen-
tration, If this migration is caused only by thermal aglta=-
tion, this phenomenon is called diffusion or concentration
diffusion. Fieck's first law relates diffusion to the flow

of heat by the equation:

where "Q" 1s the flux ~ the amount of materlal crossing a
plane of unit aresa, "%%" is the concentration giadientg
and "D" is the diffusion coefficlent.

Fiek's second law 1s obtained by combing Fick's first

law with the hydrodynamic equation of continuity:

de - dg
® ax

After substitution of "Q" and assuming that "D" is constant
In the given reglon the final equation 1s derived:

b
de d~e
% D gx2

The last equation ls used in celculations of the diffusion
coefficlents.

Studies of diffusion coefficients in liquid systems find
useful application in the determination of molecular welghts,

particle size, friction coefficients, and solutlon rates.



Values of the diffusion coefficlenta of vitamins 312 and

B, 5, have been reported as L6 x 10~ and 3.2 x 10°6 em 2/

12
sec., respectively (38). These values were obtained by the
Stokes modification (li8) of the Northup and Anson method (LG).
Molecular welght computations by the Stokes-Einstein (50)
equation, using the above values of the diffusion coefficients
and the value 1.3l for the density of the crystal, give values
of 550 and 1230 for Byo and Byy,, respectivelys, This value
for 812 is less than helf tha molecular welght, 1370, cal=
culated irom the cobelt content of the dry material. There
was no apparent reason why ths method should have gilven a
reasonable value for Byog and faelled entirely for 312' It
seemed wlse, therefore, to redetermine the diffusion coefl-
ficlents by another method. Because the apparatus was avalil-
able (51, 52), the diffusion coefficlents were redetermined
using the free diffusion method.

B. Experimental liork

1. Vaterisls and reagents

Vitamin 512 was recrystallized from carbon dloxide-free
water and dried at room temperature over anhydrous magnesium
perchlorate. A sample of this material on further drying
in vacuum at 80° for | hours lost 12.35 per cent of the total
weight,‘presumably owlng to the loss of water.

Vitamin Bl2a was prepared by the hydrogenation of 812

(53)s In our preparation, ascetone was added up to 75 per cent
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before the filtration and oxidation. Carbon dioxide was ex~
cluded throughout the preperation., Crystals were obtained at
room temperature in ylelds of about 70 per cent. The pﬂ of
an agueous solubion of this preparation was 9.1 which was in
good agreement with previous observations (26). Inasmuch as,
vitamin Byp, could not be erystallized from water without the
addition of acetone, 1t was consldered possible that acetone
of crystallization was included in the crystalline Biog®
However, Mr. J. L. EBllingboe of our laboratory, showed by
the 2,Li-dinitrophenylhydrazine method (5l, 55) that no acetone
of crystallization was present.

Reagent grade potassium sulfate was recrystalllized from

carbon dioxide~Iree waber.

2. Measurement of dlffuslon coelfficients

Diffusion coefficlent msaaurementa were carried out in
a standard 11 ml. Klett electrophoresis cell. The conventional
Philpot~Svenson e¢ylindricael~lens optical system with diagonal
8lit was used for both observetlion and recording of the cone~
centratlon gradients. The gradients were recorded on 35 mm.
film by means of a Laicé camera equlpped wlith a focal plane
shutter. The time of exposure was determined by trial and
error. A tungsten light source with an orange-red filter gave
the best contrast in the pattern of the concentration gradient.
Curves for analysis were made by tracing the image under a

projection enlarger at a magnification of approximately nine-
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fold, 1In tracing the patterns, great care was taken to follow
the center portion of the gradient outline.. The overall mag-
nification factor, from the cell to the projected image, was
determined directly by photographing a glass plate with etched
rulings placed in the position of the c¢ell and measuring the
spacings in the projected image under the same conditions as
employed for patterns. Measurements were conducted at two
temperatures, 2° and 25°. Temperature regulation was within
approximately 0,01° at each temperature. Areas under the
patterns of concentratlion gradient were measured with the
planimeter and, in some cases, by the welght method as a

check for the planimeter messurements.

Known amounts of the c¢rystalline vitamlns were diassolved
in the solvent, elther O.l’Niﬁetassium sulfaete or 0.1 N po-
tassium sulfate plus 0.005 M potassium cyanide, so that the
final concentration was 0.3 to 0.l per cent. In all cases,
the solutions and solvent were brought to the temperature of
the thermostat prior to filling the cell, The cell was filled
in the conventlonal manner. The two boundaries were formed
between the vitamin solutlon (below) and solvent of identical
composition (above). After equilibration, the boundaries
were made by opening the cell and moving them to thé.approxi-
mate center of the cell. A very slow (2.1 cm,/hr;)‘aampansam
tion‘was uged by withdrawing the slectrolyte from the appro-
priate side by a synchronous motor-driven syringe compensator.

The cell was then carefully closed for the duration of the
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run which extended for several days. The boundarlies were

not sharpened, In general, both boundarles were recorded

and analyzed at intervals of 10 hours for sbout three days,
The calculations were based on the maximum ordinste

area method assuming & mono dilsperse asystem (52). The

equation used for evaluation of the diffusion coefficient

was obtained by the solution of Fileck's second law by Wiener?a

method (56):

- e
dn . I = e e /th
T - ;

This equatlion was simplified by taking the "x" value equal to
zero, glving the final form of the equation as follows:

- k A%

PULTE E
"p® . diffusion coefficient (cm%/sec.),
"A" - arem under the pattern of concentration gradient (cm@),
"t" - time elapsed from the formation of the boundary (sec.),
"H,," - maximum height between base line and the peak (cm.),
"k" - reciprocal of the overall magnification coefflcient
square (unitless).

The true value of the diffusion coefficient at the steady
state was obtalned by plotting messured diffusion coefficlent
values ageinst reciprocel time; the intercept at the infinite
time being the true value of diffusion coefficilent,

Diffusion coefficients at different temperatures werse

caleulated by the relation:
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33250 = Dzo % —%—25

Inasmuch asg, the solutions were dilute the viscoslty of water
was used in the above equatlon,

The meximum probable serror in the messurement of t&e
diffusion coefficlents was estimated to be between 6»tg 10

per cent.
. Results and Discussion

The values of the apparent diffusion coefflcients for
the individual rung are summerized ln Tebles I through VII.
Actual condlitions for the gilven run are speclfied in the
footnote of each table,

The data obtained for By, are shown in Fig. 2 and that
for Byp, in Fig. 3. The summary of the results and the
caleculated molecular welghts by the Stokes~Einstein-Longsworth

equations are shown in Teble VIII.
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Table I. Apparent diffusion coefficients of vitamin Bjp
(Run A)8sDsc

Time Recliprocal H Areg Diffusion
sec, Time 1/gec¢ cm, ctm Cogfficient 6
x 10 emé /sec. x 10

25200 39.5 .55 11.40 2.2l

73200 13.6 2.90 10.90 1.73

92700 10.8 2.75 11,70 1.68

162900 6.1 2,05 11.40 1,59

186000 5.4 1.95 10.50 1.45

8oncentration of Byp 54.5 mg. per 15 ml. of 0.1 N potas=-
glum sulfate. ’

bﬁverall optical magnification factor: 2.979.

®Bath temperature: 2.00°,
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Table II. Apparent diffusion coefficlents of vitemin Bjp

(Run B)&sb,c

6

2so. Tine 1/gec.  om  om?  Cosgiicient
x 10 em.</sec, x 10

82800 12.1 6.08 22.8 1.82
106800 9.2 5.8 22.5 1.66
150900 6.6 l.62 22.3 1.6l
195000 5.1 .11 22.2 1.60
231600 .3 3.76 22.0 1.58
279000 3.5 3.53 22.l 1.56

8Concentration of Bys: 47.0 mg. per 15 ml. of 0.1 W
potassium sulfate. i

bﬁverall optical magnification factor: 2733.

cEath temperature: B.OOO.
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Table III. Apparent glgfusion coefficients of vitamin By,
o ]

(Run C)a’

Time | Reciprocal H Area Diffusion
s6C. Time l/gac.» em. cm. 2 Coefflclent
x 10 em.2/sec, x 10

60900 11.0 8,20 38.3 3.21

106200 9.0y 6.12 37.3 3.13

146700 6.8 5.25 36.7 2.98

1761400 5.7 .80 36,2 2.89

237400 L2 5.81 48.7 265

281800 3.5 5.20 hé.2 2,51

8concentration of Byot 49.0 mg. per 15 ml. of 0.1 N
potassium sulfate.,

Poverall optical magnification factor: 2.998.

®Rath temperature: 25.0°.



Table IV. Apparent diffusion coefficlients of

(Run D)&rbsc

17

vitamin Bl&

Diffusion

Time Reciprocal H Arag
sec. Time l/gec. cm. em. Coefficient 6
x 10 em.2/sec. x 10
66900 1.9 .95 21.8 3.10
951,00 10.5 S 21.8 3.07
11,8800 6.7 3.55 22.8 2.97
174300 5.7 3.28 22,7 2.9
197700 5.0 3.17 23.4 2493
8¢oncentration of By,: 66.0 mge. per 15 ml. of 0.1 K
potassium sulfate and 9.665 N potassium cyanide.

bmverall optical magnification factor: 2.733.

®Bath temperature: 25,00°.

Table V. Apparent diffusion coefficients of vitamin Bypg

(Run E)8sbye

Are

Time Rec¢iprocal H Diffusion
sec. Time l/gac* em. cm. Coefficient
x 10 em.“/sec. x 10

501,00 19.8 1.85 4.90 1.59

73200 13.6 1.68 L.50 1.33

117200 8.6 1.51 5.00 1.17

134300 N 1.52 5.30 1.13

8Concentration of Bypgt 53.4 per 15 ml. of 0.1 N

potassium sulfate.

Poverall optical magnification factor: 2.536.

CRath temperature: 2.00°,



18

Table VI. Apperent diffuslon coefflclients of vitamin Bjpg

(Run F)&asb,c

H

Diffusion

Time Reciprocal Area
sec. Time l/gee. cm. ci. Coefficlent
x 10t ‘ cm.2/sec. x 10
145300 22,1 3.70 13.8 3.29
86100 12.5 2.80 13.2 2.76
103200 947 3.55 18.1 2.69
177000 5.7 2.76 17.9 2.8l
213600 o7 2.5 17.2 2.49

8Concentration of Bipgt 52.5 mg. per 15 ml. of 0.1 N
potassium sulfate.

boverall optical megnification factor: 2,733.

cBath temperature: 25,00°.

Table VII. Apparent diffusion coefficlents of vitamin Bjog

(Run G)&sb,c

Time Reciprocal H Arag Diffusion
gsec. Time 1/sec. cm. om, Coefficient
x 10 | em.2/sec. x 10

172500 5.8 5.33 345 2.56

212100 L7 .50 31.9 2.52

254700 349 3.98 30.9 2.48

309000 3.2 3.65 30.6 2.6

&Concentration of Bypg: 50.0 mg. per 15 ml., of 0.1 N
potassium sulfate.

boverall optical magnificetion factor: 2.733.

CBath temperature: 25,00°,



Fig. 2 Apparent Diffusion Coefficlents of
Vitamin Bla as & Punction of Time.
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Fig. 3 Apparent Diffusion Coefficlents of
Vitamin El&a ag a Function of Time.
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Table VIII. The diffusion coefficlents of vitamins Bio and El&a

Run Mate- Solution Dat 2°9¢ D at 25°% D at 25°¢ Mol. Wt. Mol. Wt.

No. rial Exper. Calc. Exper. (Stokes~ (Stokes=
: Einstein) Einstein=
Longsworth)
A By» 0.1 N Kp30) 1.4(3) 2.9(0) 224, 1335
B Bp 0.1 WKs0  L.46)* 2.9(7) | 2088 125)
: . . b - , ‘
- € Blg 0;1 it 5{28(}(}% 2'7(3) 2703 , ' ; 1563
‘D By, 0.l ¥ K580 o 2.8(7) 2316 1373
0.005 NKC o S
E By, ©-1 NKps0, 1.1(0) 2.2 | Lot 2426
F Biog 0O:1 X KQSOQ o . 2.3¢(l) 393@ : 2160
G Bipy Ol WEpSOQ, | 2.3(7) 3792 2088 )

¢z

8Pemperature for this run was 3.0°.

Prnis value is an average value for the run ¢} it should not be averaged with
the results Ay B, and D because of the evident decowpmsltion of vitamin 812 at
25,0° in the absence of excess cyanide. ' ,
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It 1s evident from run "C" that By, decomposes somewhat
in water, probably with the liberation of cyanide and the for=
mation of Byp,» the latter having a lower diffusion coeffi-
clent. Such a dissoclatlon has been recognized previously
(28), That this dissociation would be repressed by the
presence of an excess of cyanide, as found in run "D", was
expected. 1In the presence of excess cgyanlde, Byo 1s con-
verted to By,CN (containing a total of two cyanides) which
18 purple. Although a large excess of cyanlde is required
to convert By, to BjpCN quantitively (40), an appreciable
amount of B,,CN was present in the solution of run "ph, for
the solution was purplish in color. Byp and By,CN differ
only slightly in weight (by 26 in 1370) and because the
diffusion coefficient 1s inversely proportional to the molecu~
lar welght, the diffusion coefficientsoef the two would be
expected to differ by less than the experimsntal error (6 to
10 per cent) in the measurement. Runs "A"™, "B"™, and "D" may
be averaged, therefore. ‘

Using the values of the diffusion coefficlents at 259,
the apparent molecular weights were calculated using fhe

3tokes~Einstein equation:
RT 1
D“ﬁ- 677—»—-'7r
which on substitution of "N" Avogadro's number, "R" - the

universal gas constant, "T" - the absolute temperature, “7 "

the viscosity of water and "r" - the radius of By, molscule
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expressed in terms of apparent specific volume ", is simpli-
fied to:

D = 3:32 x 1075
; (Vm}%

A value of 1,50 was used for the density of Bio in solution,
and the value of 1.38 for the density of Byp, 1n solution as
obtained from apparent specilfiec volume measurements. The

value 8.93 x 10~3 ﬁynawcm,/sas.a

was used for the viscosity
of watmr“atvégﬂ. The value obtained for the molecular weight
of Byp, 2085, is considerably higher than the value of 1370
caleulated from the cobalt analysis (57) of the material dried
in vacuum at 80°,

Application of the empirical modification of the Stokes-
Eiﬁstein equation recently developed by Longsworth (58)

| px10® = 33,06 / (1.367 VB - 1.750)

leads to the average molecular weights of By, and Byp, 1380
and 2225, respectively. At request Dr. Howard 3chachman of
the Virus Laboratory, Unlversity of California, determined the
sedimentation coefficients of vitamins By, and Byp, in 0.1 N
potassium éulfate, The measurements were made using the
synthetic~boundary cell recently deseribed by Schachman and
coworkers (59). Dr. Schachman reports the following sedimenw-
tation coefficlents (corrected to water at 20°): for By, 0.50
Svedberg units and for Blaa; 0.52 units. Each of these values
1s the average of three independent observations conducted

over a concentration range of approximately 5 %o 9 mg./ml.
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The molecular welights of vitamins B and B were calculated

12 1l2a
by the Svedberg equation:

M = RTs/D(1 -pV)
where "M" is the molecular weight, "R" - the gas constant,
"g" - the sedimentation coefficlent, "D" - the diffusion
coefficient, "V" - the apparent specific volume, and "P " -~
the density of solution, These calculations yield molecular
weights of 1420 for vitamin B, and 2230 for vitamin Bjp,.
It 1s important to note that these results should be lnde-
pendent of any assumption as to the shape or hydration and
gshould represent the unhydrated molecules. The agreement
with the chemlical molecular welght of BlE’ 1370, is very

satisfaectory and the contention that B exlsts as a dimer

12a
seems substantlally confirmed.

It should be noted that values of "s" and "D" which have
been extrapolsted to zero concentration should be used. It
seems probable, however, that concentration effects are rela~

tively small for those small molecules.
D. Conclusions

New measurements of the diffusion coeffiecients of
vitemins By, and By,, by the free diffusion method give
By, 2.9 (1) x 10~6 cm.e/sec. 25°
Bipg 2:3 (3) x 1070 cm?/sec. 25°
Blz decomposes slightly in water solution at room temper-

ature., This decomposition is repressed by cyanide and by
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lowering the temperature.

Values for the molecular welghts of the two vitaming
’caleula%@d from the diffuslon coefficlents indicaﬁa thet
Bipg 18 & dimer in solution. Buch Gimerization mccura.only
after dissolution. The dimeric charaater’ia also indlcated
by measurements of the sedimentatlion coefflcient.

As with the earlier values for the diffusion coeffi-
cients, the new values lead to a molecular welght of BlZa

almost twice that of B However, the X-ray crystal pattern

12°
of B &_ia practically identical (60) with that of By, end

12
the symmetry group into which both fall 1s such that the
molecule cannot be other than a monomer. Any dimerization of
Bypg must then occur after dissolution in water.

Assuming that the maximum probable error in the measure=
ments of the diffusion coefficients is 10 per cent; the error
in molecular welght calculated 1s not more than 30 per cent.

This sccuracy 1s sufficient to Justify the concluslon that
the molecule of Bi2a dimerizes but that B,, does not,
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ITI. APPARENT SPECIFIC VOLUMES OF VITAMINS B12 AND Bl&a
As  Introduction

In connectlon with the caleculations of molecular weights
by the Stokes~Einstein-Longsworth and Svedberg equations 1t
was necessary to determine apparent specifilc volumes of
vitemins Bip and Byog in aqueous solution, HRapldity, pre-
cision, avallablllity of material and equipment were consldered
in selecting an appropriate method for the determination of
the density of the solutlon.

The density measurements were made by the pyenometer
method, and the calculatlons were made using the usual rela-

tionship:
- P

v, = £

8

- &L \A
R 9

in which "v " 1is the apparent specific volume, "P" and "'@ "o

SOl

the densities of water and solution respectively, "V" - the
volume of the pycnometer, and "g" - the weight of the solute.
The molecular welght calculated indicated that vitamin
Bypg dimerlzed in aqueous solution but offered no mechanism
by which the dimerizatlon had occurred. A clue to this was
| obtained during the course of the density measurements.
Erratlic results were obtalned in the inltlal densliy measure~
ments on Blaa,valthaugh no difficulty was experlenced with
Byp+ The varliation was traced to the time of contact of the

solutions with the atmosphere and ultimately to diaaoi%ad
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OXy gen .

B, EHxperimentsl Work

1, ¥Materisls

Vitamin Bla’ obtained from the 3quibb Institute for
Mediéal Research, New Brunswick, N. J., was recrystallized
from carbon dioxide~free water.

Oxygen~free nitrogen was prepared by passing tank
nitrogen through two scrubbers of vanadous sulfate, one
gserubber of sodium hydroxide, and one of water.

Vitamin By,, was prepared from the ecrystalline vitamin
B1o by the hydrogenation procsdure previously described.

2., Apparatus and procedure

A 5.0 ml. pycnometer was used., Weighings were made on
the Alnsworth TCX semimlecro balance using tares of identical
weight and velume., Sclutions were kept in a water bath at
25.00° £ 0,01°. The balance room was thermostated to slightly
below 25°,

The pycnometer was charged with ligquld already brought
to équilibrium with oxygen~free nitrogen, air, or oxygen,
Water was placed on a small conical flask bearing a two-holed
rubber stopper carrying lengths of glass tubing one of which
reached the bottom of the flask, and the second of which
served as a gas outlet. The gas was bubbled threugh the
solution for about 15 minutes. The crystalline vitamin was

added through the gas outlet tube and thus dissolved in the
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water without the stopper having been removed. The gas

stream was then continued an additional 30 minutes. The
solutlon was then transferred to the pycnometer wilth a
hypodermic syringe. In oxygen-free experiments the pycnometer
and the syringe were well flushed with nitrogen and the opera-
tions were carried out in a large beaker filled with continue-
ously flowing nitrogen gas. The pycnometer was then kept

in the water bath for 5 minutes. After the pycnometer was
taken out of the bath 1t was rinsed with alcohol and dried
with a molst chamols skin and handled without contact with

the hands. Welghings were made after 10 minutes with the
usual prescautions to minimize statlc electrical effects.

After weighing, and aliquot of 0.200 ml. was taken for
cobalt anelysis by the colorimetric method with 2-nitroso-~
l-naphthol~li~sulfonic acid (57).

The maximum probable error in this daterminaticn of
apparent specific volume 1s sbout 3 per cent eh the basis
that the error in the iIndividual measurements was not greater
than 0.01° in temperature, 0.00006 ml, per ml. in the volume
of pycnometer, 0,00002 in the weights, and 0.60 per cent of
vitemin as obtained from the cobalt determination.

The effect of dissolved alr on the density of water is
noticeable only in the 6th place.

C. Results and Dilscussion

The results of the various measurements of tﬁevapparent
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specific volumes of By, and Byo, are presented in Table IX.
Thé average values obtained are: |

By, (Runs 1, 2, 3, and ) s 0.665

Bypg,s deasrated (Runs 10, 12, and 13): 0.650

Biogs in contact;with oxygen (Runs 5,

6, 75 9, 11, 1L and 15): 0.713
The apparent speclfic volume of Byo is independent of the gas
wlth whieh the solution 1s equilibrated as shown by Runs 1,
2, 3, and li of Table IX. The apparent specific volume of Bipg,
however, 1s dependent upon the presence of oxygen and leads
to a higher value, 0.713, as contrasted to 0.650., In the
sbsence of oxygen the apparent specific volume of Bjo, 1s
the seme as that of Byp. The union of oxygen with Biog is
labile for on sweeping out the oxygen with a stream of
nitrogen the apparent speciflc volume dropped to that of
Byps Run 10, A fifteen minute period sweeping with nitrogen
gas proved to be insufficient time for complete removal of
the oxygen, Run 8.
The densities of solutlons are linear with concentratlon

as expected, shown in Fig. l.
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" Table IX. Apparent specific volume of vitamins Bip and Bypg

Run No? Mate- Equilibrat- Density of \Welght of Volume
rial ing Gas Solution géi?ﬁi? ml./g.
1 -1 By o Alr 1.00031 9.557 0.662
2 -2 Byo Alr 0.99978 8.545 0.670
3~3 Bio Witrogen 0.99903 5.751 0.662
L -3 By, Oxygen 0.99907 5.751 0.669
5=-5 Bioa Alr 0.99876 6.127 0.727
6 -6 Biog Alp 0.998L0 L.6438 0.715
7T -7 Byog Oxygen 0.9983l L.545 0.720
8 - 7° By oy Nitrogen 0.99842 L.54L5 0.706
9 -9 ‘Biog Alr 0.99832 l.325 0.716

8The second numbeyr indicates which solution was used

for the measuwrement; thus runs 3 and

solution.

were made on the same

YIn Run 8, nitrogen was bubbled through the solution
for 15 minutes only; the oxygen was apparently incompletely

removed in this time.
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Table IX. (Continued)

Run No® Mate~ Equilibrat- Density of Weight of Volume

rial ing Gas Solution géf??i? ml./g.
10 - 9(10° B, Nitrogen  0.998LL 3.775 0.639
11 - 10  By,,  Oxygen 0,99821 3.775 0.703
12 - 12¢  By,,  Nitrogen 0.99969 7.379 0.651
13 - 12° B,y Nitrogen 0.99961 7379 0.660
1y - 14 By,  Oxygen 0.99965 8.425 0.707
15 - 146 By oa Oxygen 0.99956 8.425 0.702

®In Run 10, nitrogen was bubbled through solution 9 fér
14 hours: the resulting solution was given the new number
10 because of the dilution on trensfer.

dln Run 12, the water was thoroughly deasrated before
_the Blza was dilssolved.

eSolution 12 was allowed to stand for 1l hours and the
measurements were repeated.

f1n Run 1}, oxygen was bubbled through a fresh solution
for i hours.

gOvernight treatment with oxygen.
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Fig. L Densaity as a Function of Concentration.
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The dimerization of Byog first observed in diffusion
coefficlent measurements 1s caused by the union of Blea with
oxygen in a sense of the reaction:

H50 Ft
2 R Co(III) OH+Ops=2== R Co{III) -~ 0, - Co(III) § + 2 oH

This union 1s reversible and undoubtedly accounts for the
catalytic effect of Byp, on air oxidation of lodide (L6).

Inesmuch asg, Blza cannot be crystallized from water
solution without the additlon of acetone 1t is llkely that
the function of acetone is to expel the oxygen from the dimer
in a fashion similar to the expulsion of oxygen from the
oxygenated Bis~(disalicylalethylenediimido)~aquo dicobalt
(61).

D. Conclusions

In presence of oxygen the apparent specific volume
of Bl2a 1s larger than that of Byps the values being 0.713 and
0.665, respectively. 1In absence of oxygen there 1s no per-
celvable difference in the apparent specific volume of Bjp
and By,, value being 0.650. The change of the apparant
- gpecific volume of ElZa in presence of oxygen can be accounted
by the interaction of molecular oxygen with Bypg+ The union

of oxygen with Blaa is labile and oxygen can be removed from

the dimer.
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IV. ANPEROMETRIC TITRATION QF Bla’ BlZa’ AND BlEr WITH OXYGEN
A. Introduction

Measurements of the apparent specific volumes proved the
necessity of the presence of oxygen for the dimerizatlion of
Blza in agueous solution. However, thls Information was not
sufficlent for the determination of the stoichlometry of the
dimerization reaction. Various methods of investigation
were considered; finally, the polarographic method was
selected as belng most applicable with the small amounts of
material avaeilsble,

The polerogrephy of vitamins Byp and Byp, has already
been investigated (38, 39, 43). B;, shows a single two-
electron reductlon wave at a half potentisl of ~1.,12 v. toward
the 3.C.BE. Vitamin Bypg, shows two one-electron reduction
waves at half-wave potentisls -0.0l and ~1.02 v. toward the
S.C.E. Oxygen dissolved in water shows two two-electron re-
duction wavas,khalfnwava potentials -0.08 v. and -0.96 v. to-
ward the S8.C.E., corresponding respectively to the reduction
of oxygen to hydrogen peroxide and of the latter to water.

If Bypy and oxygen were present in the same solutlion and if
no Interaction were to occur, the wave heights of the first
reduction wave would be simply additive, inasmuch as, the
half-wave potentials of the [flirst reduction waves of the two
substances are the same. On the other hand, 1f the inter-

action occurs then a shift should be obsgerved in the halfl
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wave potential and the wave heights should not be additlive
but characteristic of & new chemical specles.
In order to vary the concentration of one component
in the mixture, a saturated oxygen solution of the supporting
electrolyte waes used as a titrant. In effect, this study
became an amperometric titration of vitamin B12a with oxygen.
Similar amperometric studies were carried out on the

vitamins Byjp and Bypi.,
B. Experimentsl Work

1. Materlals and resgents

Vitamin 512’ obtained from The Squibb Institute for
Medical Research, New DBrunswlek, K. J., was recrystallized
from delonlzed water.

Vitamin Bypg Was prepared from the crystalline 312 by
the hydrogenation procedure previously described.

Oxygen=-free nitrogen was prepared by passing tank
nitrogen through two scrubbers of vanadous sulfate, one
scrubber of sodlum hydroxlde and one of water. The gas wasg
led to the apparatus through all glass tubing.

Electrolytic hydrogen was obtained from the low tempera-
ture laboratory of the Department of Physics, Iowa State
College. The impuritles in the hydrogen were determined by
Dr. Harry J.‘Svee using the mass spectrograph. Oxygen,
carbon dloxide, methane and other gaseous impurities commonly

Tound in commercial c¢ylinder hydrogen were absent.
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Potassium sulfate, used for the preparation of supporting
electrolyte solutions, was recrystallized from delonized
water,

Cylinder oxygen was passed through a tower of ascarite
to remove acidic gasses present.

A standard chromous chloride was prepared from chromic
chloride dissolved in 0.1 N hydrochloric acid by keeping it
over amalgemated zine 1n a Machlett buret. A rubber balloon
Inflated with nitrogen was attached to the upper opening of
the buret.

A standard solution of oxygen was prepared by bubbling
purified oxygen gas through 0.1 N potassium sulfate solution
for 6 hours. The solution was stored in a Machlett buret
over which pure oxygen was maintalned slightly above atmos-
pheric pressure by & balloon inflated with oxygen and attached
to the upper side arm of the buret.

A standard potasslum ilodate solution was prepared by
dissolving reagent grade pobtassium lodate in boiling delonized
water. The hot solution was transferred to the Machlett
buret and 1t was stored over nitrogen atmosphsre.

A standard thio-~sulfate solution was prepared by dis-
gsolving reagent grade sodlum thiosulfate in distilled water.

Manganous sulfate solution was prepared from the reagent
grade manganous sulfate tetrehydrate. The absence of manganlc
and ferric salts was checked by the addition of this solution
to an acidifled potassium lodide sclutien. Only a slight
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trace of i1odine was liberated.

Alkaline lodide reagent was prepared by dissolving 700
g+ of reagent grade potasﬁium hydroxide and 150 g. of reagent
grade potasslum lodlide 1n one liter of delonized water. The
reagent was checked for free lodine by the addition of starch
to &n acidified portion of the reagent. This test iﬁdicated

the absence of nitrites, lodates, and ferric salts,

2. Apparatus ;
| A Sargent Hodel XXI polarograph was used. The functlional

‘operation of this instrument wa&‘checkéd frequently against
a standard reslstance, The polarograph cell used was the
usual type. The tip of the Machlett buret containing the
standard oxygen solution was inserted along sidé‘cf the
capillary and the salt bridge of the saturated calomel elec~
trode.

A Beckman DU spectrophotometer was used in meking the
colorimetrlc determinations of cobalt.

A Beckman G pH meter employlng calomel and platinum
electrodes was ﬁsed for the potentiometric titrations.

3. Determination of the oxygen in the standard solution

In preliminary work the concentration of the oxygen in
the standard solution was obtained by Interpolating the values
for the solubillty of oxygen at various temperatures as
given in Lange's Handbook, and checked by the calculations
involving polarographic deta. In later work, the oxygen

concentration was determined by direct chemical measurement,
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either by a measured volume of standard oxygen solution (62),
or by the Winkler method (63). The agreement between various
methods was qulte satlsfactory as shown in Table X.

Chromous chloride method. The chromous chloride method
proved to be a rether tedlious and time consuming method for
the determination of oxygen. Throughout the titration oxygen
had to be excluded not only from the titraetion vessel but
also from the standard solutions. The chromous chloride
solution was standardized ageinat the standard ferric per-
chlorate sclutlion whleh was prepared by dissolving iron wire
in perchloric aseid. This solution was heasted untlil the dense
fumes of perchloric acid appeared. The end point was deter-
mined potentiometrically using calomel and platinum electirodes.

The rasults obtained were not as reproducible as in
the titration of the chromous chloride solution with the
oxygen=-free iodate. An excess of lodate was added to the
chromous chloride, and the excess of ilodine was back titrated
by the same chromous chloride, or by the standard thiosulfete
using starch as the indicator. The latter modification did
not require exclusion of oxygen after the excess of lodate
was added.

A wide mouth tltration vessel contalning a four-holed
rubber stopper glving enough space for the three tips of
Machlett burets and a glass tubing for nitrogen was used
for the titration of oxygen solution. After deaeration of

the titration vessel 5.00 ml. of the standard chromous
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Table X, Determination of oxygen concentration by different

methods
Stendard Winkler Polarographlie Chromous
Oxygen Method Method Oxidation
Solution Method
Number
1 29,7 . 30,6 29,0
29.9 29.8% 30.l; 29.1 ,
39.2 10,2 29.8  29.3%
29“ 30.2
2 27.2 y 26,1 26.6
27.y  27.3% 37.% ZZ'S
ZZ. " 20.2 s
26.8 26.9% 279 27.1
S B 2
s 10 " Uil 4« N
3O-ﬁ 30.0%* 30.3 30.  29.9%
31.3 30.8%

*The average value for the determination.

chloride solution were added from the Machlett buret following
in succession with 5.00 ml., of standard oxygen solution. The
excess ol chromous chloride was oxidized with the standard
iodate. The starch solution was added, and the excess of
lodine was back titrated with the standard thiosulfate.
Oxygen concentration was calculated from the milllequivalents
of chromous chloride used for the reductlion of oxygen.

The results obtained by the chromous chloride method had
greater deviation, and the average values on the whole were

lower than the values obtalned by the Winkler or polarographic
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ﬁethoda. ,

Winkler method. The Winkler method was the most reli-
able method for the determinatlon of oxygen. Allguots of
260 ml. were taken for oxygen analysis. The size of the
sample was the only draw back in this determination. The
results obtalned by this method were in good agreement with
the polarographlc determination, and the deviation from the
averages value was rather small.

The procedure from the "Standard Methods for the Exami-
nation of Water and Sewage" was followed,

Polarographic method, The polarographic method proved
to be the guickest of the three methods involving the actual
determination of oxygen. Exactly 5.00 ml, of the sﬁpparting
electrolyte, 0.1 N potassium sulfate, were placed in the
polarographic cell. The cell was flushed thoroughly with
oxygen=-free nitrogen. A small portion of the standard oxygen
solution was then added, the solution was stirred gently,
and the polarogrem waes then recorded, A falnt stream of
nitrogen was passed over the surface of the liquid during
these operations. A further volume of the standard oxygen
gsolution was then added end the polarogram was recorded,

The temperature was maintained at 25° x 0.2°, The concen-
tration of oxygen in the solution was calculsted by the

Ilkovic equation using the value 2.60 x 1075 cm.2/sec. for
the diffusion coefficlent of oxygen (6l) and the diffusion

current for the first reduction wave of oxygen.
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li. Determination of cobalt

Aliquots of various solutions were analyzed for cobalt

a by-first destroylng the orgenic matter by fuming with per-

chloric acld and then detarmining the cobalt with Z2-nitroso=-
l-naphthol=li=sulfonic acid (57).

5. Amperometric titration of Byog

Exactly 5.00 ml. of the supporting electrolyte, 0.1 N
‘potassium sulfate, was placed in the polarograph cell. A

platinum boat contalning the crystalline B was hung abovse

12a
the ligquid in the cell., The cell was flushed thoroughly
with oxygen-free nltrogen. Boat and BlZa were then dropred
into the solution., After sufficient time for mixing and
dissolution, the polarogram was recorded, A small portion
of the standard oxygen solution wes then addsd, the solution
was stlrred gently, and the polarogram was then recorded.

4 Taint stream of nitrogen was passed over the surface of
the liquid during these operatlons.. A further volume of

the standard axygan solution was tﬁen added and the polaroe
gram agaln recorded., This sequence was repeated until
suffliclent oxygen had been added to have combined with the
Bypg+ At the end of the tltretion the solution was diluted
with measured amount of the standard oxygen solution to
exactly 10.0 ml. and an alliquot of 0.200 ml, was taken for
cobalt analysis. The temperature throughout the tltration
was maintained at 25° £ 0,29,

The diffusion current was measured on the polarograms
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recorded by the standard procedure, Using tha’values for
the diffusion currents obtained experimentally, values were
caiculated for the diffusion current which would have been
obtsined had there been no dllution:

1& ot id (V & V)/V
corrected measured

in which "V" « is the initial volume of the supporting
electrolyte, and "v" -~ the volume of the titrant added.

Typilcal polarograms are shown in Fig. 5. The resultsa
of a representative titration are summarized in Table XI
and shown graphically in Fig. 6. The end~point for this
titretlon was found to be at 2.18 ml.

e m



Fig. 5 Polarograms of Vitamin Elaé’ Oxygen, 312# plus »
Oxygen {(at End-point), and Supporting Electrolyte.

Curves for 8123 and Blaﬁ plus oxygen were obtained on the
same solutions; that of oxygen was obtained on a solution

containing less oxygen than required to reach the end-point.
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- Table XI. Polarographlc behavior of solutlons of oxygen and
of Bypg plus oxygen. (Initial volume of the sup-
porting electrolyte, 5,00 ml,; initial concentra~
tlon of Byo,, 0.746 mmolar)

. Qx¥gen Added | miffuaion Current Obgerved

Sranderd TERT R Tiee I

Solution® : Mamp Mamp .
ml, ‘
0.00 0.000 0.00 0.51
0.25 0.220 0.53 0.60
0,50 0.436 0.88 0.70
0.75 0.65l 1.30 0.96
1.00 0.872 1.75 1.07
1.25 1.090 2.05 1.12
1.50 1.308 2.45 1.2l
2.00 1.74k4 2.92 1.46
2.25 ‘ 1.960 3.1k 1.61
2.50 2.180 3436 177
3,00 2.620 3.80 2.10
3.50 3.050 .12 2.39

1y, 00 3.190 .53 2.7

Coneantratian of the standard solution: 1) 26.9 p.p.m.
(from the polarogrephic data and calculations using Ilkovic
equation); 2) 2?.h pepem. (Winkler method).

bas determined by blank run.
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Table XI. (Continued)

Oxypen Added Diffusion Current Caleculated
volume o Quantivy Oxypen  Blpg Pius Bypg Plus
Standard mmoles Alone®  Oxygen OXygen
Solution Azssuming No Observed

Interactiond Values Cal-
culated to

Original®
0.00 0,000 0.00 0.51 0.51
0;25' 0.220 0.6 0.97 0.63
0.50 0.1.36 0,97 1,48 0.77
0.75 0.65l 1.50 2.01 1.10
1,00 0.872 1,99 2,50 1.28
1.25 1,090  2.56 3.07 1.40
1.50 1.3080 3,08 ' 3.59 1.61
2.00 1. 7hly - L.00 L.51 2.0l
2.25 1.960 ;50 5.01 2.3
2.50 2.180 l;.85 5.6 2.65
3.00 2,620 6.08 6.59 3.36
3.50 3.050 6.80 7431 ly. 06
L.o0 3.490 8.05 8.56 k.93

Cpiffusion current calculated from the diffusion current
obasesrved to the diffusion current which would have been obe
served had no dilution occurred during the titration

idccrractad = ~idmeaaured (V+ v)/V
"y" - the initial volume (5.00 ml.) and "v" « the volume of
the tltrant added.
dpirfusion current of oxygen corrected to original vo lume
(5.00 ml.) plus diffusion current of Bypge

€0bgerved diffusion current of Bjps plus oxygen corrected
to originel volume.
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Fig. 6 Amperometric Titration of By og
with Standard Oxygen Solution.
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6. Amperometric titration of B,

Crystalline 812 was dissolved in about 5.2 ml., of 0.1 N
potéssium sulfate, and it was‘hyérogénated for seven hours
using platinum as a catalyst. The hydrogenated solutlon was
transferred from the hydrogenation vessel through s fritted
glags filter equlpped with‘all glass connections to the
bpelarograph cell, The cell and all the gpparatus were con=
tinuvously flushed with a stream of nitrogen and hydrogen.
Nitrogen was bubbled for additional filve minutes through the
solution and then the polarogram was recorded, A small por-
- tion of the standard oxygen solution was then added, the
‘éolution was stirred gently, and the polargram was recorded.
This sequence of operations was repeated until sufficlent
-oxygen haed been added to hﬁve passed theoretical end~point.
Throughout the titration s faint stream of nitrogen was swept

over the surface of the solution. The temperature was main=-
| tained at 25°4+ 0.2°,

At the end of the titration the solution was transferred
to a volumetric flask. The cell was rinsed with small por-
tions of the standard oxygen solution, measured from the
Vachlett buret, until the volumetric flask wasg filled to the
mark. The difference in the volume of the volumetrie flask
and the volume added during and after the titration gave the
initial volume of By on before the tltration. An aliquot of
0.200 ml, was taken for cobalt analysis. |

Blank polarogrems were recorded in & separate series of
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funs for the supporting electrolyte alone and were treated
wlith successive portions of the standard oxygen solutlion.
Typical polarograms are shown in Filg. 7.

The diffusion curfent was measured on the polarograms
recorded by the standard procedure. The diffusion currents
obtained experimentally were corrected for the dilution as
described previously. The results for a representative
titration summarized in Table XII and shown in Fig. 8 indi-
cated presence of two end-points, at 1.17 ml. and at 3.48

ml, of standard oxygen solution.



Fig. 7 Polarograms of Bypps OXxygen, By, plus Oxygen, and Supporting Electrolyte.
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Table XII. Polarographlc behavior of solutions of oxygen and
Byop Plus oxygen. (Initlal volume of the supporting
aiactrclyta,'ﬁ.97 mle; initlal concentration of-
Blgrg 6-906 mmol&l‘)

Oxygen Added  piffusion Current Observed

Vol. of  quant. @xygag - ; E%g¥ Plus Oxygen _
Stand. mmoles Alone Anodice st Cath. Impur. <Znd Cath.
Sol,8 MBIMD Wave Wave Wave Wave
ml., YBMp. . Mamp. Mamp. Hamp.
0.00 0.000 0.00 0.95 0.00 0.00 1.00
0.25 04230 0.9 0.53 0.02 0.0l 0.99
0,50  0.465 0.9k  0.32 0.07 0.10 0.96
0.75 0,700 1.3k 0,23 0.1l 0,16 0.93
1.00 0.934 1.74 0,07 0.22 0.22 0.90
1.25  1.170 0.00 0,32  0.32  0.91
1.50  1.400  2.38 0,00 043  0.26  1.02
2,00 1.870 2.94 0.00 0.63 0.10 1.26
2.50 2.340 0.00 0.97 0.00 1.4
3,00 2.820 394 0.00 1.1 0.00 1.59
Li.00 3.740 0.00 1.92 0.00 2.11
50 L.220 0.00  2.40 0.00 2.6

8concentration of the standard solution: 1) 30.2 p.p.ms
{from the polarographic data and calculations using Ilkovie
equatlon); 2) 29.8 p.p.m. (Winkler method).

Pps determined by blank run.
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Oxyren Added

Diffusion Current Calculated®

- VoI. of Quant. Oxygen , By on Plus Oxygen

Stand. rmmolea  Alone Anodic 1st Cath, Impur. 2nd Catbh.
Sol. Hamp. Wave Wave Wave Wave

W amp » Hamp . Hamp « Heamp.
0,00 0.000 0,00 0.95 0.00 0.00 1.00
0.25 0.230 0.51 0.55 0,02 0.0k 1.00
0.50 0.465 1.03 0.35 0.08 0.11 1.05
0.75 0,700 1.56 0.27 0.16 0.18 1.06
1,00 0.934 2.06 0.09 0.26 0.26 1.08
1.25 1,170 0,00 0.140 0.0 1.13
1.50 1.401 3.10 0.00 0.57 0.34 1.35
2.00 1.870 .12 0.00 0.88 0.1l 1.76
2,50 2.340 0.00 1.45 0.00 2.16
3.00 2.820 6.30 0.00 1.82 0.00 2.55
4,00 3.740 0,00 3.L5 | 0.00 3.80
;.50 L2220 0.00 .55 0.00 l;.85

®piffusion current calculated from the diffusion current
observed to the diffusion current which would have been
observed had no dilution occurred during the titration

¥}

bl

correchted

d
meggured

(V+ v)/v

"y" . the initial volume (u 97 ml.) and "v" - the volume of

the titrent added.



Fig. B Amperometric Titration of Byop
with Standard Oxygen Solution.
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7+ Amperometric titration of Byo

Crystalline By, was dissolved in 5.00 ml, of 0.1 N
- potassium sulfate whiah was placed in the polarograph cell.
The first polarogram was obtained alfter the deaeration
and mixing of the solution. The titration was carried out
in the same manner as that used for the titration of Byp,
as described earllier.

Blank polarograms were obtained on the supporting
electrolyte treated with the successive portions of the
standard oxygen solution. The results of a representative

titration ere given in Table XIII.
C+ Results and Discusslon

The treatment of Byo, with oxygen shifted the half-wave
potentlals of the first and second waves In the negative
direction. In addition, the diffusion currents observed
were less then the sum of BlEa and oxygen diffusion currents.
The diffusion currents continued to be smaller to the ?oint
where one molecule of oxygen had been added for évery two
molecules of Bipgp. Beyond thils peint, the diffuaian&current
increased at the rate found for the additlion of oxygan to
the supporting elactﬁalyta; see the tltration curve of Fig;
6. The results of four titratlons are shown in Table XIV.
The polarogram obtained at fhe end-point 1s shown in Fig. 5.
As wlll be seen, the first wave bf the oxygen-bearing dimer

is well defined with a half~wave potentlial of =0.22 v,



61

‘Table XIII. Polarographic behavior of oxygen and of By

: plus oxygen. (Initial volume of the supper%ing
electrolyte, 5.00 ml.; initial concentration
of Blz’ 0;750 mm@lar)

‘: Oxygen Added Dif« Current Observed DILf. Current Calc.e

VV°1‘,? @uantity Oxygep — By, Flus UXygen B12 PIUs
Standard mmoles Alone OXygen Alone Oxygen
Sol;ﬁ:}ana A 8D « A amp . 4 amp . A 8D .
0.00 0.00 0.00 0.00 0.00 0.00
0,50 0.1136 0.88 0.88 0.97 0.96
1.00 0.872 1.74 1.71 2,09 2.08
1.50 1.308 2.2 2.2 3.15 3.1h
2.00 1. 7hly 2.88 2.87 L..ol L.01
2.50 2,180 334 3.32 5.03 .98
3.00 2.620 3.77 3.74 6.0l 5.97
3.50 3,050 .12 L.05 7.00 6.89

4,00 3.490 L.51 L5 8.12 8.00

8concentration of the standard solution 27+9 pepome.
(Winkler method).

Pys determined by blank run.

°piffusion current calculated from the diffusion current
observed to the diffusion current which would have been
observed had no dilution occurred during the titration

1 14 (V + v)/v

d measured

corrected

"y" - the initial volume (5.00 ml.) and "v" « the volume of
the titrant added.
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Table XIV. Titratlion results of Byp, with ij@an_

Titra=- Cobalt Oxygen Ratio Diffusion "n" Elee-
tion Taken Required Co:0y Current® trons®
No. mmoles to Reach AMamps
End-point
mmoles
1 | 3.73 1.93 1,95 2,17 3,38
2 2,85 1.4 1,98 1.91 3.84
3 .67 2.23 2,09 3.05 3.78
b

e 39 2,38 1,85 2,52 3.32

&piffusion current at the end-point; corrected for di=-
lution during titration.

.bCaleulate& by the Ilkovic equation, n = 1 /(605 ¢ pk
w¥st% ), in which "1." - is the diffusion curreht at the
end~-point, "¢" - the milll molar concentration of Byp, digar,
"D" - the diffuslon copefficlent of %}2 dimer (2.33 x 10°

cm.g/aec ), and "m% th ;‘; - thg caplllary constant at ~0.1 v,
toward S.C.E. (1.875 mg?® sec# ).

(contrasted with -0,0l v. for the Byp, monomer), and the
second wave 1s spread out with a half-wave potential of
-1l.2l4 v. (a8 contrasted to -1.02 v. for the monomer).

The reactlon between Bjyp, and oxygen apparently took
place stepwise, a first step in which the cobalt is oxidized
to the trivelent state {conversion of Elar to Blaa)’ and a
segond step in which the dimerization 1s effected,. Byop
itselrl 13 characterlized by an snodic wave of half-wave po-
tential ~0.9l v. toward the S.C.E. In the early part of

the titration with oxygen the anodlc wave disappsared and was
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replaced by a cathodic wave characteristic of By,,; the second
cathodic wave of By, dld not change in height or position
{this wave 1s essentlally in the same posltion as the second
cathodle wave of Bypg and presumably represents the same re-
action, thaﬁ i3, the reduction of bivalent cobalt to univa-
‘lent cobalt). This first reaction ended abruptly at the ratio
B1pp:0p = L:il. The color of the solution at this point hed
turned from brown to radwoﬁang&* Up to this point, the re=-
acﬁion conalsted simply in the oxidation of the cobalt from
‘éhe bivalent to the trivalent state. Beyond the first end=-
point the two cathodie waves were shifted to more negatilve
potentials and the behavior was identlcal wilth that observed
in the titrstion of 312& with oxygen. The second end-point
voccurrad at the ratic Bypg:0p = 43, and thus the second part
of the tltration conslsted 1in the dimerlizstlion produced by

the unlon of one molecule of oxygen to two molecules of Bypg.
The results of three titrations of Bjypy with oxygen solution
are shown 1n Table XV.

There is present in thayyalarogram of Bypy & small, unex-
plained wave of half-wave potential -0.55 v., the diffusion
current for which represents about 0.25 electirons per mole-
cule of Bypge This wave 1ls designated here for convenience
as the impurity wavelet. On treatment of By, with oxygen,
the 1lmpurity wavelet 1ls shifted progressively to more positive
potentials and decreaaéd‘in height, finally, at the end-point
of the titration, 1t disappeared at the potentiael st which



Table XV. Titration results of Blzr with oxygen

, el
Titre- Cobalt Oxygen Required to Ratic Co:0, at Diffusion Current® "a" Electrons

tion Taken  Reach End-point: End~points: at End-points: at End-point
Ho. mmoles 1st end ist end 1lst 2nd ist 2nd
: mmoles mmoles yamp. Aemp .
1 L.51 1.11 3.26 .08  1.38 1.10 2.92 0.63 3.7k
2 5.25 1.32 “ Q,03 ' 1.31 _ O,é&
3 .23 1.07  3.25 3.95  1.30 1.11 2.80 0.67  3.82

Bhiffusion current at the end-point; corrected for dilution. Data for run 2
was teken beyond the end-point. .

bCaleulated by the Ilkovic equatlion; n = i&/{éGB ¢ B%?ﬁﬁsiga) in whieh "i," 1is
the diffusion current at the end-point; "C'" -~ 1s the millimolar concentration of
Blzrzl} in calculations at the first end-point, concentration of Biop was used, 2)
in c¢alculations at the second end-point concentration, that equivageﬁt to the Bipa
dimer was used; "D" - is the diffusion coefficient:l) in the calculations at the
{irst snd-point, the diffusion coefficlent that of By, (2.95 x 10~ cm.2/sec.) was
used, in the calculations at the second end-point, %n@ diffusion coefficient that
of Byog dimer (2.33 x 10-6 cm.2/sec.) was used; "mAt% " - is the capillary constant
at -é.i v. toward S.C.E. (1.875 mg% sec.% ).

19
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it would merge with the wave of the ovxygen~bearing dimer
(Co:0, = 2:1). The impurlty wavelet 1s not present in the
polarogram of Bipn. It appeared on the first addition of
oxygen to Byp, and increased in helght with each successive
addition of oxygen, reaching & maxlmum at the first end
poiﬁ%f(ﬂazﬁg = l:1). Beyond the first end-point the impurity
wavelet decreased in height, shifted toward the left, and
merged with the wave of the dimer at the second end-point.
That 1s, the behavior is identical to that of Byp, during
this part of the tltration.

The titration of By, with standard oxygen solution
showed no interaction between the two substances, The dif-
fusion currents throughout the titration were simply those
indicated by the addition of the diffusion currents of the

two materials.
D. Conclusions

The amperometric titration confirmed the earllier find-
ings that vitamin Byop &imafizaé through the agency of oxygen.
It was further established that the combining ratio was two
molecules of Byiog with one molecule of oxygen.

Vitamin By, falled to combine with oxygen which is also
in agreement with the earlier measurements of diffusion
coefficlents and apparent specific volumes.

The results obtained from the titration of By, with

oxygen are in sccord with the concept of Blér’ That 1s, Blar
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is the bivalent cobalt compound which is easily oxidized to
give Blaa; The amperometric titration showed two end points
corresponding first to the oxidation of the cobalt and second

to the dimerization of Bypg.
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V. CONDUCTIVITY OF VITAMIN BlEa
A. Introduction

In the early studies on vitamin Bio at Iowa State Col~
lege by Dr. Diehl and co-workers, measurements were nmda of
the electrical conductsnces of soluiiena of vitamins 312
and By, . Erratic and unexplainable results warevcbtainad,
the conductlvities changing with time. The present studies
on the dimerization of Blga‘in presence of oxygen indicate
that oxygen perhaps was responsible for the earlier diffi-
cultlies. For this reason the electrical conductance meas~
urements were repeated with attention to the exposure of the

gsolutions to oxygen.
B. Experimental Work

1. watarials

Vitamin By, Was prepared from crystalline By, by the
hydropenation procedure (previously described).

Reagent grade potassium chloride was‘recrystallimed from
delonlzed water,

Oxygen- and hydrogen=-free niltrogen was prepared by passing
tank nitrogen through two acrubbgrm of vanadous sulfate, one
gscrubber of sodium hydroxide, and one of water. This purifi-
cation train was followed by & hot tube of cuprous oxide and
metalllic copper. The hot stream of nitrogen was cocled and

finelly psssed through a water scrubber.
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2. Apparatus and procedure

Conductimetric measurements were carriled out uslng a
30 ml,. Leeds and Northrup Type LC conductivity cell and

Jones bridge equipped with a signal generator, ampliflier,

/’-:sv'““‘"”'—“""\\
{\2iciliscope s a detector, and oll bath controlled within

0.01.

The conductivity cell constants were determined at
varlious concentrations of potassium chloride in the range
‘af 0.02 M to 0,0001 1, using gpecific conductance values
cited in literature (65).

Exactly 25,0 ml, of conductivity water were placed into

~ the hydrogenatlion vessel containing sealed in glass and

saturated calomel electrodes for the purpose of measuring
pH of Bl&a solution in presence and in sbsence of oXygen.
A platinum boat with the crystalline Byp, was hung above
the surface of water. The water was deaerated by the passage
of nitrogen for 1.5 hours. The boat was dropped into the
deaerated water, and the solution wes mixed well. The pH
was measured at lntervals for six hours. Meanwhile, the
conductivity cell was well flushed with pure nitrogen. The
cell was kept in a large bheaker fillled with contlnuously
flowling nitrogen. The solution of Blza was transferred from
the hydrogenation vessel to the conductivity ecell through
glass tubing with ground glass connections. After the cell
was filled, it was closed with a gless stopper and sealed
wilth paraffin wax. The cell was placed in the oil bath, and
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;thé'firstlreadings were obtalned after 45 minutes using 2000
pyulés per second signel. The resistance of the solution was
continuously measured for 18 hours. The conbtents of the cell
were thén transferred to the hydrogenation vessel and oxygen-
ated by passing a pure oxygen stream through the solution for
15 minutes, Again, the same solution was placed into the
conductivity cell and the measurements were repeated following
the resistance values for 18 hours. An aliquot of 1.00 ml.
was then taken for cobalt analysis. The contents of the

cell were then transferred into the 50.0 ml. velumatria flask
and diluted to the mark, An aliquot of 30.0 ml, was taken
for titration using the standard hydrochloric‘acid.

C+ Results and Discussion

Conductance measurements of oxygen free Byp, and
oxygenated Bypg solutions revesled spectacular differences.

The results are shown in Table XVI.
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Table XVI. Conductance measurements of Blaa solutlons
Material ~ pH  Resistance Speclfic Molar
ohms Cand¥ctana Bguivalent
em. *~ ohm™ Conductange
em. < ohm~1
QQo” \

B) 5 OXyEEn free 7.98  3335,68 6.38 x 10™5 75.1

B, OX¥Zen free 3532,50%  6.42 x 1075 75.5
Bypg Oxygenated 8.0  1669.8L  12.87 x 1075  151.2
Bjog OXypenated 1635.27%  13.02 x 107>  153.5

1635,27% 13,02 x 10>  307.0°

aﬂaaistance measurements were made 18 hours after the
run waes started.

Pyolar equlvalent conductance was computﬁd uging the
concentration, that of By,, dimer (L.25 x 10-4 i.)
Concentration of Byog: 8.%8 x 10~4 M,

Bath temperature: %§%4i 0.01°,

Cell constant: 0.213.
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The actual knowledge of the effective diffusion coefl~
I'icients enables calculation of the eguivalent conductances

of the Bjpg monomer and Byp, dimer by the equation (66):
p = EAe— = 2067 x 1077 -

The calculated values for the equivalent conductances of

B monomey {RCQ(III}&EG)+ and Bypg Gimer (RCo(III}-0p~

12a
Co(III)R)++ ions are respectively, 11,0 and 17.5 cm. @
ohm=1 equiv,'l. These calculations are based on the values
of diffusion coerfiaienta determined by the Iree diffusion
method: 2,95 x 10~6 cm.a/aaa. for B,,, monomer (the same as
for Blz)’ and 2.33 x 10~6 am.g/a@c. for Bypg dimer (as ob=
tained experimentally).

Furthermore, the equivalent conductances at infinilte
dilution are equal to the sum of the lonie conductances
giving the values: 209 for By, monomer and 13.5 for Byog
dimer. These values were obtained assuming following equa-
tions:

RCO(III)OH + H,0 === (RCO(III)H,0)" + OH”

and 2 RCo(III)OH + Op === (RCo(III)-0,=Co(III)R)"+ 20H"
In a quallitative way, it is evident that in absence of oxygen,
vitamin Blza stays as a monomer in solution with a consider~
able part of the hydroxyl lons directly bound to the cobalt
atom. In case of the dimer the equilibrium is shifted more
to the right, which 1s evident from the higher values of the

squivalent conductances.
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D« Conclusions

The specifie conductance of Blaa solutions changes
drastically in presence of oxygen. The change in specific
conductance 1s attributed to the formation of 812& dimer.
The equivalant conéuctaﬁee values for ﬁlaa monomer and

B a dimer gt infinite dilution were calculated from the

12
diffusion coefficient constants being 209 and 413.5, re-
spectively. It ls apperent that an sppreciable amount of
the hydroxyl lons are bound directly to the cobalt atoﬁ.
During the formation of By,, dimer in presence of oxygen,
two hydroxyl ions are liberated by one molecule of Bypg

dimer whlch causes the increase In pH and in specific cone-

ductance.,
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VI. SPECTROPHOTOMETRIC NEASUREMENTS
A, Introduction

Certain unexplained varietions in the absorption spec-
trum of vitamin Bypg aoluéians heve been observed earlier
{(67). The spectrum of Bypg @ppeared to be pH dependent, and
also some changes were observed in the absorption peaks with
tliwes Dr. B. A. Kaczka and co-workers observed levellng off
the peak at 280 my and some changes at 355 my and 320 my .
It asppeared possible that the basis of these changes might
be the dimerization of By,, in presence of oxygen found in

the foregolng work,
B, IExperimental Work

1l, ¥aterials

Vitamin Byp, was prepared from the erystalline By, by
the hydrogenation procedure.

2. Apparatus and procedure

Spectra of Bl&a solutions were measured by the Beckman
DU spectrophotometer.

Crystalline Blza was suspended Iin a platinum boat over
delonized water in a closed vessel. Oxygen was removed from
the liguild and the gas space by passage of a stream of oxygen=
free nltrogen. The Blaa was then dissolved 1in the water, and
s portion of the solution transferred to & 1.0 em. silica cell

previously flushed with nltrogen. The transfer was accom-
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plished without contact with ailr. The cell was then closged
with & glass stopper and the jolnt sealed with paraflfin wax.
A straﬁm of oxygen was passed through a second portion of
the Blza solution. The solution was then placed in an iden-
ticel silica cell. |

fhe absorption spectra of these solutlions were obtained

ugling water as & reference.
¢+ Results and Diacuaaion

' The absorption spectra of the oxygenated and oxygen-
free solutlons of Blza were practically identicsl over the
visible and the ultraviclet range. The oxygenated solution,
however, showed a definite shoulder at 320 mMm, & small
gshoulder at 280 mM, and a large peak at 35l mym. The changes
of the peak Iintensity and its position at 280 my have been
attributed to the changes of bond strength between Ni
benzimidazole and the cobalt atom (68). The changes in
gspectra of Bl&a solutions are likely to be dependent upon

the formation of Blﬂa dimer in presence of oxygen.
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VII. CATALYTIC EFFECTS OF Bjog

A. Introduction

The alr oxidation of ilodide to lodine has been reported
(&6); however, the matuﬁa of this phenomenon wass not under-
stood. Inasmuch as, the Byp, solution did not oxidize
jodlde to lodine in absence of oxygen, 1t appeared likely
that this oxlidation was caused by Byog dimer. In additlion,
1t seemed reasonable that thé catalytic effect of Blﬁa could
be extended to a number of inorganic reactions having re=
duction potentials close to that of lodine. The presence
of free hydrogen peroxide was suspected, and a series of

spot tests wers made.
B, Experimental Work

1. Materlials

Vitamin B~2’ obtained from the Squlbb Institute for

1
Medical Resesarch, New Prunswlck, N. J., was recrystallized
from delonized water.

Vitamin Bypg Was prepared from the erystalline Bla by
the hydrogenation procedure.

2. Ferroua sulfate and oxygen

Two identical aliquots of a standard ferrous sulfate
solution, 0.1 ¥ in hydrochloriec acid, were placed in coniecal
flasks. To one of the flasks was added 0.8 mg. of Blaa'
Both solutions were aglitated with ailr for 14 hours. The
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solutlions were then titrated with standard ceric sulfate
using ferrous o-phenanthroline sulfate as indicstor. HNo
difference was observed 1n the amount of oxidizing agent

consuned,

3, Sodium arsenite and oxygen
- A solution of sodium arsenite was divided into two
identical parts., To one portion was added 0.7 mg. of Byo..
Both solutions were agitated with air for 1l hours., The
arsenite was then tltrated with standard ceric sulfate using
osmic acid as catalyst and ferrous o-phenanthroline sulfate
as indicator.

The experiment was carried out at pH values 5.1, 7.2,
and 8.5. There were no differences observed in the volumes

of ceric sulfate consumed,

L, Methylene blue and oxygen

The oxldation of methylene blue (reduced form) was checked
in a qualitative marmer. A neutrsl solution of ﬁethylen&
~blue was reduced with hydrogen sulfide. The excess of hydro-
gen sulflide was eliminated by boliling the solution for about
20 minutes and bubbling nitrogen through the solution. Two
identical aliquots of the colorless methylene blus solutions
were placed in conical flasks. To one of the flasks was ‘
added 0.6 mg of Bypy. Both solutions were agltated with alr.
The solution containing Byp, changed color in a few minutes,

while that wilthout 812& changed color graduslly.
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'5( Potassium ferrocyanide and oxygen

e Two identical aliquwté‘of a standard potasslum ferro-
éyahida solution were plaéeé in conical flasks., To one of
“the»flaak& was added 0.5 mg. of Byo,s Both solutions were
;‘agitated for 28 hours and were kept in the dark. The solu-
tions were then acidified with 1.0 ml. of concentrated per-
chloric acld and were titrated with standard ceric sulfate
uslng diphenylaminesulfoniec acid as indicator. HNo dlifference
was observed in the amount of oxldlzing agent consumed.

6. 8pot tests for free hydrogen peroxide

The pressnce of frees hydrogen peroxide was checked by
a number of sensitive gpot tests: l. reduction of ferric-
ferricyanida to Turnbullts blue or Prussian blue (69);
2, reduction of higher nickel oxides to nickelous oxide (70});
3. oxidation of eerous carbonate to perceric cerbonate (71).
These tests were compared %o a blank, a solution contsaining
traces of hydrogen peroxlde, and an aqueous solutlon of Bjpg.
A drop of the reagent solution was placed on a spot plate.
In an adjacent depression a drop of the reagent and a drop
of the solutlon tested were used for compsrlison. The solu=~
tions of Bypg falled to reduce higher nickel oxide, and it
failed to oxidize cerous carbonate. However, the ferriec-
ferricyanide solution in presence of Blza produced some
blulsh-green precipitate. In absence of Bléa the precipitate

was pronounced somewhat green.
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Cs Results and Discussion

The catalytlec eifect of Blza was checked for the re-

‘actions having the reduction potentials close to iodide-

iodine (0.53 v.): potassium ferricyanide (0.36 v.), sodium

arsenate (0.56 v.), ferric sulfate (0.77 v.), and methylene

blue (0.0l v.). The results are shown in Taeble XVII.

Table XVII.

Catalytic effect of Blaa solutions

Material Time of Amount of pH of Results
Uged Agltation B1pg Used solution

with Oxygen mg .

hours

Ferrouge=
‘sulfate 1l 0.8 1.0 No effect
Potassium
ferricyanide 28 0.5 7.1 No effect
Sodium
arsenite 1l 0.7 5.1 No eflect
Sodium ‘
arsenite 1l 0.7 742 No effect
Sodium
arsenite 1l 0.7 8.5 No effect
Methylene Intense blue
blue 1/30 0.6 7.1 color appeared
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There was no effect on oxidation of ferrous sulfate,
3cdium arsenite, and potassium ferrocyanide. Methylene
blue (reduced form) was oxidized almost instantaneously.
This rapid change could be due to the reduction of Bypg in
preference of oxygen.

The presence of free hydrogen peroxlde in Bjp, solutions

was not substantlated as shown in Table XVIII,

Table XVIII, Tests for hydrogen peroxilde

Reagent Observations in Presence of
Solution Byog H‘?Og HZO
Ferrlc- Bluish-green Intense blue Greenish-blue
ferrlcyanide preclpitate precipltate precipitate
Nickel higher  Black no Pale green Black no
oxide paste color change . color change
Cerous Pale white Brown Pale white
carbonate ‘

Tests with ferriec ferricyanide gave lnconclusive results since

the difference in blues consisted only in a shade difference.

Ds Coneluslons

The catalytic effect of By, on air oxidatlon of ferrous
sulfate, sodium arsenite, and potassium ferrocyanlde is
neglig@bla. The reduced methylene blue was oxidized in pres-
ence ol Bl&a many times faster than by alr alone.

The presence of free hydrogen peroxide was not proven.
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VIII., GENERAL DISCUSSION

Measurements of the diffusion coefflcients of vitamins
‘Bla and By, by the free diffusion meﬁhod gave the values
2.9 (1) x 10" ana 2.3 (3) x 10-6 em.2/sec., respectively.
Values for the molecular welghts of two vitamins calculated
from the values of the diffusion coefflclents Iindicated that
Bypg Was a dimer in s@lﬁtion. Furthermore, it was observed
that vitamin By,, decomposed somewhat and formed the dimer
at 25°, This decomposition could be repressed by the addi-
tion of cyanide or by lowering the temperature.

These observatlons indicated that Bqog dimerized in
agueous salution but did not offer a mechanism by which the
dimerization occurred. A clue to this was obtained during
the course of the density measurements. It was observed
that the apparent specific volumes of Blza in presence of
oxygen were consistently larger than that of By5s the values
being 0.713 and 0,665, respectively. Consequently, the
change of the apparent specific volume of Blaa in the pres-
ence of oxygen could be acecounted by the Interactlon of the
molecular oxygen with Blza‘

Enowing that oxygen was involved in the formation of
the Blaa dimer, it was necessary to develop a guantitative
method for the determination of the stoichiometry of this
reactlon. This problem was soclved by the amperométric titra-

tion method. Solubtions of Byos Bypg» and Ber were tlitreted
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with the standard oxygen solution., Throughout the titration
entire polarograms were recorded, and the diffusion currents
were evaluated by the conventional methoda. The titration
results clearly indicated that oxygen had interacted with
By2a in the moleculer ratio of 2By, t O, Slmilar titra-

tions of B with oxygen indicated no apparent interaction,

12
The solution of By,, reacted with oxygen in two steps., The
first step was attributed to the oxidation of bivalent to
trivalent cobalt; the second step was equivalent to the
formation of the Byp, dimer.

Number of electrons for the By, dimer at the end-
point were calculated by the Ilkovie equation. The éalculated
value of electrons involved was somewhat lower than four:
giving two electrons for oxygen reductlon to hydrogen per=-
oxide and two electrons for the reduction of two atoms of
cobalt (III) to cobalt (II). The deviatlon from four elec-
trons probably couid be attributed to the incompleteness of
the interaction of oxygen with Byp,.

The remarkable ehange in conductivity snd an increase
in pH on the addition of oxygen to Bypg solutions indicated
that in th@«ﬁrcaeas of ‘dimerization tha hydroxyl ions were
liberated. The equivalent conductance of axygen free Blaa
solution and the same okygenatad solution (8.5 x 1G“k M)
were Found to be 75.5 and 307,0, respectively.

The values of the sqﬁivalent conductance at infinite

dilution were calculated to be 209 for Bys, and 413 for Bypg
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dimer., These calculations were based on the following re-
actions:
R Co(III)OH + Hp0 ==2 (RCO(III)HEOTZ+ OH™
2R Co(III)OM + Op z=== (RCo(III)=0p=Co(III)R) + 20H"
The apectra of Biga and Br2a dimer were almosgt 1déutical;
Blga dimer had a shoulder at 320 mM «+ The likeness of spec~
tra excluded & possible exlstance of a cobalt (IV) oxygen
dimer.
| The catalytic effect of Blza was not observed on air
oxidation of ferrous sulfate, sodium srsenite, and potassium
ferrocyanlide solutions. The reduced form of methylene blue
was oxidlzed by By,, solution instantanecusly.
The presence of the hydrogen peroxide was not observed
as indlcated by the spot tests used.
All above observations led to the proof that the
dimerization of B in solution was caused by oxygen and

12a
that 1t interacted 1in the ratio of 2312&:02.
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IX. SUMMARY

The diffusion coelflcients of vitamin 312 and of vitamin

BlZa have been determined using the free diffusion method.,

The new values are:

6 cm,Z/Sae. for By, at 25%,

2.9(1) x 107

2.3(3) x 10~6 em.?/sec. for Byog 2t 25°.
A 8light decomposition of vitamin Byp in solution has
been observed. It was found that it could be repressed
by the sddition of cyanide or by lowering the tempesrature.
The molecular weights of vitamin Blz and of vitamin ElEa
have been caleulated by the Stokes~Einstein-Longsworth
equation using ﬁh@ new values of the diffusion coefficients,
The results obtained sre:

1380 for By, and 2225 for By, .
The molecular welghts of vitamln B,, and of vitamin By,
have been calculated by the Svedberg equatlon using the
values of the sedimentation coefficients determined by
Dr. 3chachman, the new vaiuas of the diffusion coeffi-
clents and newly messured values of the apparent specific
volumes. The values are:
1420 for By, and 2330 for Byp,.

Thet the dlmerizatlon of By,, occurs after dissolution in
water has been shown. |
The apparent specific volumes of vitamin Bjp and vitamin

Bypy have been determined by the pycnometric method. The
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values obtalned are:

0.665 for Byo»

0.713 for Bypg in presence of oxygen,

0.650 for Bypg 1n absence of oxygen.
The interaction of oxygen with the aqueous solutions of
vitamins Bios Blza’ and BlEr has been investigated by
an amperometric titration of these materisls with
standard solution of oxygen.
It has been found that 312 and oxygen do not interact.
Vitamin By,, hae been found to react with the molecular
oxygen in the ratio 2B1p,:0,.
Vitamin Bjyp, has been found to react with oxygen 1ln two
steps. Bjipp 1s first oxidized to By,, and then dimerized
by union with oxygen.
The equivalent conductance of oxygen free and oxygenated
Blaa solutions have been determined. The values obtained
are:

75.5 cmz/ohm eq. for oxygen free Byp, (8.5 x 1074 u.),

307.0 cmz/chm eg. for oxygenated Blaé'(u.ES # 10~k M. ).
The equivalent conductances of oxygen free and oxygenated
Bypg Solutions at infinite dilution have been calculated
using the values of the diffuslon coefficients. The
values obltained are:

209 em.2/ohm. eq. for oxygen free Bypgs &nd
L13.5 cm.g/ohm. eq. for oxygenated Byo,.(Byp, dimer).

It has been found that on additlion of oxygen the pH of
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Bypg So0lutions lincreases.
The dimerlzation of vitamin B,,, in solution has been
shown to follow the reactlion

2RCO(III)OH + 0, === (ﬂce(111)~03~co(111)33++ 20H".
The spectra of oxygen free and oxygenated By, , solutions
have been obtained. The oxygenated solution of Byp, shows
a definite shoulder at 320 my .

The catelytic effsct of Bipg on certaln air oxidations
has been studied. There is no catalytic effect on air
oxldastion of ferrous sulfate, sodlum srsenite, and po-
tassium ferrouscyanide solutions.

It has been observed that the reduced form of methylene
blue was oxldized lnstantaneously in presence of Bjpg and

oxygen.

The presence of free hydrogen peroxide 1n a Blaa solution

has been disproven by sensitive spot tests.
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