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Fig. 1. Output of C"CO. after intake

of ethanol-1-C'* by alcoholic and nonalco-
holic subjects. Specific activity is expressed
in picocuries per millimole of CO: per liter.
Dashed line, six alcoholics; solid line, six
nonalcoholics.

being 0.52 g of ethanol per kilogram
of body weight. This dose contained
0.024 pc of ethanol-1-C'* per gram of
nonradioactive ethanol (/7). Each sub-
ject drank his ethanol solution within
a 2-minute period of time. Peak con-
centrations of ethanol in the blood (be-
tween 50 and 60 mg per 100 ml) oc-
curred 20 minutes after ingestion for
both alcoholic and nonalcoholic sub-
jects. This approximates the optimum
ethanol concentration for maximum
activity of alcohol dehydrogenase in
the human liver (12).

After ingestion of ethanol at zero
time, expired breath samples were col-
lected at 2, 10, 20, 30, 40, 60, 80,
120, 140, 160, and 180 minutes. Car-
bon dioxide in breath samples was
absorbed in 2N sodium hydroxide. Car-
bon dioxide was regenerated by acidi-
fication with concentrated sulfuric acid
in a vacuum line apparatus to remove
water through differential cooling with
liquid nitrogen and dry ice in acetone.
Gaseous carbon dioxide was determined
manometrically in this apparatus, and a
fraction of the CO, samples was ab-
sorbed in redistilled liquid Primene
1.

The counting of C'O, was carried
out in a scintillation-fluid mixture of
0.6 percent 2,5-diphenyloxazole and
0.0075 percent 1,4-bis[2-(5-phenyloxa-
zolyl)]-benzene in toluene in a Packard
Tri-Carb scintillation spectrometer with
a C'4-counting efficiency of 77 percent.
No significant quenching occurred as
assessed by both internal-standard
and channels-ratio methods. )

The C140, was detected in expired
breath samples 2 minutes after ethanol
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ingestion (Fig. 1). Thereafter, C*O,
increased linearly up to and including
100 minutes. From 100 to 180 minutes,
output of C%Q, was curvilinear. This
portion of the curve corresponded with
concentrations of 20 mg or less of
alcohol per 100 ml of blood.

The data indicate that there are no
significant differences in the rates of
ethanol metabolism in alcoholic and
nonalcoholic individuals after adminis-
tration of a large dose of alcohol. This
finding is consistent with those of other
investigators who have been unable
to find differences in rates of ethanol
metabolism in alcoholics as contrasted
with those in normal subjects. The
enhancement of ethanol metabolism
after chronic ingestion of ethanol ob-
served in alcoholics and nonalcoholics
(4) is not manifested when subjects
are abstinent for a period of 3
weeks. It is likely that any enzymatic
induction produced by prolonged eth-
anol ingestion is transitory and does
not persist when an individual ceases
drinking.

These data do not preclude the
existence of a unique pathway for
ethanol metabolism in alcoholics. New
intermediates in the metabolism of
ethanol (/3) for rat tissue may exist
in man; also, even small amounts of
such intermediates may have significant
pharmacological or pathological effects.
However, it is unlikely that any large
quantities of new or already identified
intermediates accumulate or are re-
tained in alcoholics as contrasted to
nonalcoholics. My findings lend support
to the conclusions of Westerfeld and
Schulman (8) that tolerance to alcohol
is related to processes of adaptation in
the central nervous system rather than
to alterations in.the rate of metabolism
of ethanol.

Jack H. MENDELSON
National Center for Prevention
and Control of Alcoholism,
National Institute of Mental Health,
Chevy Chase, Maryland
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Binuclear Ion Containing
Nitrogen as a Bridging Group

Abstract. A binuclear ion [(NH,);-
RuN,Ru(NH);1*+ is formed by the
direct reaction of N, with an aqueous
solution of (NH;);RuOH,*+ at room
temperature. The binuclear ion is also
formed by the reversible reaction of
(NH);RuOH 2+ with (NH,);RuN 2+,
Solid [(NH,);RuN,Ru(NH,);] (BF,),
has been prepared, and its ultraviolet
and infrared spectra are reported.

The discovery by Allen and Senoff
(I) of the ion (NHg);RuN,2+ is im-
portant in showing that a combination
of metal ion and N, once formed can
persist. Of equal significance for the
fixation of nitrogen by homogeneous
catalysis in solution is Allen and Se-
noff’s (/) discovery that coordinated
nitrogen is much more readily reduced
than free nitrogen is.

The observation (2) that (NHy);-
RuOH,2+ (3) reacts spontaneously in
aqueous solution with N, to form Allen
and Senoff’s ion demonstrates a re-
markable thermodynamic stability for
this nitrogen complex and, furthermore,
shows that the capacity of a metal
ion to combine with N, can exceed
its capacity to reduce H+. The fact
that the equilibrium constant for the
reaction

H: 4+ 2(NH,);RuOH*" =

2H* + 2(NH:);RuOH.*
is greater than 103 (4) shows that
(NH;);RuOH,2+ is a weaker reducing
agent than H,, so that even when H+
is at unit activity, with H, at 1 atm,
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Ru(Ill) will be largely reduced to
Ru(II) when equilibrium is reached. In
retrospect, the fact that N, can react
with a metal ion which is not powerful
enough to reduce H,O (or even H+)
is not surprising, if N,, in forming com-
plexes, is accepted as being analogous
to CO. The total requirement for
stable complex formation can be quite
different from that for net oxidation of
the metal ion.

The mechanism of reduction of mo-
lecular N, to NH; by nitrogen-fixing
bacteria is an important biochemical
problem. Molecular N, may form a
complex with a metal ion, initiating
the reduction in biological systems. To
reduce N, complexed to a metal ion,
unless the metal readily undergoes oxi-
dation by many electrons, additional
reducing equivalents are required. Ad-
ditional metal jons can supply the
needed reducing equivalents, and bi-
nuclear complexes have been suggested
as intermediates in symbiotic nitrogen
fixation (5).

We show here that the new species
absorbing at 262 my, which forms (2)
in addition to Allen and Senoff’s ion
when N, and (NH;);RuOH,2+ are
brought together, is the binuclear ion

[(NHg) 5RUN2R11 ( NHS ) 5] b

This ion can be formed by the inter-
action of (NHy);RuN,2+ with (NHy);-
RuOH,2+ as follows.

When (NH3);RuOH,2+ and (NH,),-
RuN,2+ are mixed in solution, the
absorption at 221 my, characteristic of
the latter ion (2) slowly diminishes, while
at the same time the absorption at 262
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Fig. 1. Relative absorbances at 262 mu of
isomolar solutions with varying ratios of
[(NHs)sRuN:**1o/ [(NH2)s RuOH:**]o. The
[(NHs)sRu(II)]o in the reaction mixture
was 0.030M; after dilution to measure ab-
sorbance, it was about 7 X 10°M. The
fact that the absorbance is at a peak at 50
percent (NHa)sRuN.** shows that the sto-
ichiometry is 1: 1; the fact that the maxi-
mum is sharp shows that the reaction is
essentially complete.
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my, increases. The stoichiometry of this
reaction was investigated with the
use of Job’s method (6). A solution
containing (NHjz);RuOH,2+ was pre-
pared by reducing (NHj);RuCl; in
0.1M H,SO, with amalgamated Zn, and
a solution containing (NHg);RuN,2+
was prepared from (NH;);RuN,Cl,.
Several solutions were made up from
these stock reagents with varying initial
ratios of (NHg);RuN,2+ to (NH,);-
RuOH,2+ but with 0.030M (NH,);-
Ru(II) as the total concentration. After
several hours, portions were removed
and diluted, and the absorption spectra
were recorded. The results show that
(NH3);RuN,2+ and (NHj);RuOH,2+
react with 1:1 stoichiometry to form
the new species (Fig. 1).

Two lines of evidence based on so-
lution chemistry show that the reaction
between (NHg);RuNy2+ and (NHj);-

"RuOH,2+ involves addition (Q is the

addition product of unknown struc-
ture) :

(I\JI‘Iaz)sl{ubIs2+ + (NHa);RuOHf" =

(1)
rather than the redox process [Q’ is
the redox product derived from (NH,);-
RuN22+]:

(NH3 ) 51{11}‘[22+ + (NHs ) 51{\.101’122+ =
Q' 4 (NH:)sRuOH*

@

No evidence for the formation
of (NHy);RuOH,3+ by the reaction
in question is found even when Cl—
is present. Chloride ion would re-
act with (NHj);RuOH,3+ to form
(NHj);RuCl2+ which absorbs at 327
my; however, no such absorption is ob-
served. Second, it is found that the new
species transforms to Allen and Senoff’s
ion on dilution. Figure 2 shows succes-
sive traces of the absorption spectrum
of a solution at about pH 10.4, which
initially contained a relatively high pro-
portion of the new species. As time pro-
gresses, the absorption at 221 my in-
creases, while that at 262 my decreases.
Over a considerable time span, the sys-
tem is well behaved, all the curves pass-
ing through an isosbestic point. The af-
finity of (NHg);RuOH,2+ for (NHy)s-
RuN,2+ is quite high, and even at
10—-5M the dissociation of the binu-
clear ion, according to the reverse of
reaction 1, is only about 60 percent
complete at equilibrium. At ordinary
concentrations of (NHj);RuOH,*, the
binuclear ion rather than that of Allen
and Senoff is the dominant product of
the reaction of N, with (NH,),-
RuOH,2+,

Taking advantage of this observa-
tion, we have prepared crystalline
solids containing the new species by
the following procedure. A solution
0.05M in (NHj);RuCl; and 0.1M
in H,SO, was reduced by amalga-
mated Zn, under helium. After 50
minutes the solution, which was no
longer acid to pH paper, was separated
from metallic zinc, and gaseous nitro-
gen was bubbled into it for 10 hours.
At the end of this time the solution
was filtered, still in the absence of air,
into a filtered solution of concentrated
anion (NaBr and HBr or NaBF, and
dilute H,SO,). The solid that formed
was separated, washed with acetone
and ether, and then air-dried.

Partial elementary analysis of pre-
sumed [(NH;);Rul,N, (BF,), shows
that H was 4.2 to 4.3 percent, N was
21.06 percent, and B was 5.61 percent,
compared to the theoretical values: of
4.04, 22.5, and 5.79 percent, respec-
tively. More significant for the N, con-
tent of the complex than the elemen-
tary analysis for nitrogen (7) is the
amount of N, released on oxidation by
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Fig. 2. Decomposition of [(NH;)sRul.NaA+
(maximum wavelength, 262 mu) leading to
(NHs):RuN.* (maximum wavelength, 221
my). In descending order of absorbance
at 262 mu the reaction times are 32
seconds, 2 minutes 32 seconds, 7 minutes
35 seconds, and 38 minutes 35 seconds.
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Fig. 3. Infrared spectrum of [(NH;);Rul.-
N. (BF)..
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Ce(1V). The (NH3);Ru moiety loses its
capacity to retain N, when it is oxidized
above the -2 state; Ce(IV) brings about
this oxidation without producing N,
from coordinated NH,; or from NH,+
(8). When about 8 moles of Ce(IV) per
mole of the new species was used the
gas liberated on oxidation was shown
to be more than 99 percent N,, and
the amount corresponded to 95 per-
cent of that expected for the binuclear
formulation after applying a correc-
tion for the N, released from the
(NH,);RuN,2+ present in small amount.

Transmittance

1 1 1 IJ N R B I |
2000 1500
Wave number {cm™)
Fig. 4. Infrared spectrum of (NH;);RuN.
(BF.)..
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The portion of the infrared spectrum
of a sample of [(NHj);Rul,N, (BF,)4
(Fig. 3) provides an interesting com-
parison with the spectrum of [NHj);-
RuN,] (BF,), (Fig. 4). In place of the
strong, sharp peak at about 2100 cm~—1
characteristic of the N-N stretch in
(NH;);RuN,>+, there is a broad, weak
absorption at about 2060 cm—! [the
small spike at about 2100 cm—1! in Fig.
3 can be attributed to residual (NHy);-
RuN,2+]. The broad absorption may
arise from the N=N stretch in the binu-
clear species or from an entirely differ-
ent vibration. In any event, the absence
of a strong absorption in the spectrum
attributable to the N-N stretching fre-
quency implies that N, is symmetrically
bound in the binuclear ion.

The extinction coefficient (¢) of the
binuclear ion at 262 my, as measured
for a solution prepared from the tetra-
fluoborate salt, is 4.7 X 104, or about
15 percent higher than the value cal-
culated from the data shown in Fig. 1.
The reason for this discrepancy is not
known. A possibility is that coordinat-
ed ammonia is labilized when N, is
complexed and that the replacement
of ammonia by water has taken place
to a differing extent in the two systems.
The value of e for (NHy);RuN,>+
at its maximum, 221 my, is 1.6 = 0.1
X 10% [This is a correction of the
value of ¢ = 1.3 = 0.1 X 10% given
in the previous communication (2); the
preparation of [(NHy);RulN, (BF,),
has been found to contain a consider-
able admixture of (NHj);Ru(III).]

D. F. HARRISON
E. WEISSBERGER
H. TAUBE
Department of Chemistry,
Stanford University,
Stanford, California 94305
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Guinea Pig Complement: Two
Active Forms of First Component

Abstract., By solubility chromatog-
raphy at pH 7.5 and low ionic strength,
a partially purified preparation of the
first component of guinea pig comple-
ment was separated into two fractions
of different solubility under these con-
ditions. On rechromatography, each
fraction emerged in the same position
as it had originally.

In solubility chromatography, pro-
teins are allowed to precipitate on a
highly cross-linked gel column equili-
brated with a solution in which the pro-
teins of interest are insoluble. The pro-
teins are then redissolved in an ad-
vancing front or gradient of solvent,
but they precipitate again, as they
migrate ahead of the solvent, as a re-
sult of the gel-filtration effect of the
column, to await redissolution by the
solvent front. The result is a counter-
current process from which the differ-
ent proteins in a mixture emerge in
positions corresponding to their solubil-
ities under the conditions chosen (/).
This method has been applied to puri-
fication, of the first component of
guinea pig complement (C’1), which
is insoluble at pH 5.6 and low ionic
strength (2); it permits isolation of
C’l in high yield, with at least 40-
fold purification (3); details of this
procedure will be reported elsewhere.
In view of the report of Nelson et al.
(4), indicating that C’1 also precipi-
tates at low ionic strength at pH 7.5,
further purification was attempted by
solubility chromatography at this pH;
thus I separated the active material in-
to two fractions: one is soluble at an
ionic strength of 0.0105, the other
emerges from the column at an ionic
strength of about 0.055.

Assays of C’1 were performed at
an ionic strength of 0.0652, in the
presence of sufficient D-mannitol to
render the solutions isotonic, accord-
ing to a modification of the procedure
(5) already described; the modification
involved 1-hour incubation of the mix-
ture of EAC'4 and C’'1 at 37°C
(6, 7) before addition of C’2, followed
by 30 minutes at 30°C to permit for-
mation of SAC’ 1a,4,2a (7). A 5-cm
(internal diameter) column containing
about 75 g of polyacrylamide gel (8)
was equilibrated with 10 mM tris-
HCI, pH 7.0 (measured at room tem-
perature), containing 0.5 mM CaCly;
equilibration was verified by both con-
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