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Summary 

1. A method is described for the preparation 
of the enzyme, laccase, from the wild mushroom, 
Russula foetens. A typical preparation has a Q0l 

of 3000. 
2. A measurement of units using hydroquinone 

as the substrate is outlined. Common plant oxi
dases do not appear to interfere in this procedure. 

3. The unusual stability of the laccase prepara
tions over a wide pR range is demonstrated. 

In this investigation use has been made of the 
work of several investigators1"'" who have shown 
that accurate conductance measurements of solu
tions of weak electrolytes are adequate for the de
termination of limiting equivalent conductance 
and of thermodynamic ionization constants. The 
method finally developed is based upon the solu
tion of three simultaneous equations. The first is 

CxH2 

K „ ¥LL± = K'f* 
1 — x 

where K and K' are the thermodynamic and 
stoichiometric ionization constants, respectively, 
x is the degree of dissociation, C is the concentra
tion of base in equivalents per liter of solution and 
/ * is the mean activity coefficient of the ions. The 
activity coefficient of the undissociated base is 
assumed to be unity. The second equation is 

— l o g / ± = o V C x 

where a is the Debye and Huckel coefficient. 
Lastly 

A T ( - A j J J ^ I 
A0 L A0 J 

w h e r e a a n d /3 a r e t h e O n s a g e r coefficients. 

T h e a u t h o r s h a v e d e t e r m i n e d t h e e lec t r ica l 

c o n d u c t a n c e a t 25° of a q u e o u s s o l u t i o n s of m o n o -

e t h a n o l a m m o n i u m h y d r o x i d e . S ince w e w e r e 

u n a b l e t o o b t a i n f rom t h e l i t e r a t u r e a n a c c u r a t e 

(1) Maclnnes and Shedlovsky, THIS JOURNAL, 54, 1429 (1932). 
(2) Fuoss and Kraus, ibid., 55, 476 (1933). 
(3) Shedlovsky and Uhlig, / . Gen. Physiol., 17, 549 (1934). 
(4) Fuoss, T H I S JOURNAL, 57, 488 (1935). 
(5) Shedlovsky, J. Franklin Inst., 285, 739 (193S). 

4. The optimum pK for measurement of lac
case activity is shown to be in the vicinity of pH. 
6.0. 

5. The enzymatic oxidation of hydroquinone, 
^-phenylenediamine, catechol, dimethylcatechol, 
and potassium ferrocyanide has been described. 

6. The behavior of the laccase preparations is 
contrasted when possible with tyrosinase (campes-
tris). 

7. The importance of substrate concentration 
in studying the behavior of the enzyme has been 
emphasized. 
N E W YORK, N. Y. RECEIVED M A R C H 4, 1940 

value for the equivalent conductance of the hy-
droxyl ion, the conductances of sodium and po
tassium hydroxide solutions have also been meas
ured over a limited range of concentrations. 

Experimental 
Apparatus and Technique.—A Leeds and Northrup con

ductivity bridge8 '7 was used. The conductance cell, used 
with nitrogen, was similar in design to a cell described by 
Shedlovsky8 and made of Pyrex glass. The electrode 
chamber met the specifications given by Jones and Bol
linger.9 Because of the magnified effects due to adsorp
tion a t very dilute concentrations, platinization was lim
ited to the minimum value to prevent polarization. The 
electrodes were given a light gray coating, using the pro
cedure suggested by Jones and Bollinger.9 The cell con
stant a t 25 ° was of the order of 0.2622g and was determined 
by comparison with a cell which had been calibrated with 
0.01 demal potassium chloride, the specific conductance of 
which was taken from the recent work of Jones and 
Prendergast.10 The cell was cleaned before each run with 
redistilled alcohol and ether and dried under nitrogen. 
This procedure produced no undesirable effects either on 
the character of the platinized electrodes or in the opera
tion of the cell. 

The current was supplied to the bridge by a Leeds and 
Northrup a. c. oscillator, the frequency of which could be 
varied in steps over a range of 500 to 2000 cycles. Several 
trials in each series of measurements showed that the con
ductance was essentially independent of the frequency. 
A Leeds and Northrup two-stage amplifier and telephone 
formed the detector circuit. 

(6) Dike, Rn. Sci. Instruments, 2, 379 (1931). 
(7) Jones and Josephs, THIS JOURNAL, 50, 1049 (1928). 
(8) Shedlovsky, ibid., St, 1411 (1932). 
(9) Jones and Bollinger, ibid., 58, 411 (1931). 
(10) Jones and Prendergast, ibid., 59, 731 (1937). 
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The temperature of the oil thermostat, controlled to 
±0.001 ° by a Thyratron relay, was established by a ther
mometer certified by the Bureau of Standards. 

All solutions were made up by weight. An analytical 
balance accurate to 0.1 mg. was used for the more accurate 
weighings, and a large balance which was read to 1 mg. was 
used for weighing the water and solutions. The weights 
were calibrated against a set standardized by the Bureau 
of Standards. 

Materials.—The water used in the preparation and dilu
tion of solutions had a specific conductance of 5.0 (1O - ') 
mho. Since the measurements were made on alkaline 
solutions, it was necessary to know the carbon dioxide con
tent of the water used. The conductivity water was 
drawn into a weight pipet, paraffined with material which 
had been specially purified, and nitrogen, free from carbon 
dioxide, was passed through for sixty minutes. This pro
cedure gave water with a constant specific conductance 
which was assumed to be due to the presence of residual 
carbon dioxide and the specific conductance of pure water. 
The water correction was made accordingly, using the 
method suggested by Kolthoff,11 and by Jeffery and 
Vogel.12 

The monoethanolamine was from two sources and, after 
fractional crystallization and distillation, had a boiling 
point of 171.1 ° a t 760 mm. pressure and a melting point of 
11.52°. The density was found to be 1.0117 a t 25° and the 
refractive index measured with an Abbe refractometer was 
1.4539 at 20 °. As a check on its purity, the monoethanol
amine was analyzed by potentiometric titration against 
hydrochloric acid and by weight titration using methyl 
orange indicator. Several titrations gave the purity as 
99.97% by the potentiometric titration and 99.96% by the 
weight titration. The standard hydrochloric acid used 
was a carefully prepared constant boiling mixture using the 
data of Foulk and Hollingsworth.13 As a check on its 
standardization, the chloride content was determined by 
precipitation as silver chloride. 

Paraffin was purified by shaking the melted material 
with hot concentrated sodium hydroxide. It was then 
leached thoroughly with conductivity water until the con
ductance of the wash water reached that of the original. 

The solutions of monoethanolammonium hydroxide 
were prepared from monoethanolamine that was freshly 
distilled under nitrogen, care being taken that it did not 
come in contact with carbon dioxide a t any time. 

The stock solutions of sodium hydroxide,were prepared 
by two methods. One solution was prepared by permit
ting pure metallic sodium to react with carbon dioxide-free 
conductivity water in a paraffined flask. The metallic 
sodium was cut under benzene, transferred under an at
mosphere of nitrogen to the paraffined flask and the reac
tion permitted to take place under nitrogen. A second 
stock solution was prepared from sodium amalgam pre
pared by the electrolysis of a solution of C. P. sodium chlo
ride over pure mercury. The stock solution of potassium 
hydroxide was prepared in a similar manner from c. p. 
potassium chloride. All solutions were stored in Pyrex 
bottles lined with specially purified paraffin and were main

tained carbon dioxide-free. These stock solutions were 
standardized by titrating potentiometrically against hydro
chloric acid and by weight titration using methyl red indi
cator. 

The monoethanolammonium chloride solutions were pre
pared by neutralizing standard hydrochloric acid (to pH of 
7.5) with monoethanolammonium hydroxide. I t was 
necessary to know the ^H of these solutions in order to 
make the proper correction for the trace of excess mono
ethanolammonium hydroxide, a procedure adopted to con
trol hydrolysis.8 The measurement was made electro-
metrically using a Leeds and Northrup pH meter that had 
been checked against standard pH. buffers over the range 
used. 

Results 
Table I gives the data for monoethanolam

monium hydroxide. The columns are, respec
tively, the concentration in equivalents per liter, 

TABLE I 

(11) Kolthoff, ReC Trav. CMm., 48, 004 (1929). 
(12) Jeffery and Vogel, Phil. Mag., 15, 395 (1933). 
(13) Foulk ami Hol l ingswort l i , T H I S J O U R N A L . 45, 12211 (1023). 

EQUIVALENT CONDUC ANCE AND IONIZATION CONSTANT OF 

MONOETHANOLAMMONIUM HYDROXIDE AT 25 °, A0 = 

Concn. 
C X 10' 

0.22761 
.26771 
.38478 
.49003 
.77751 

1.0182 
1.2754 
2.2535 
2.6870 
3.6628 
3.9557 
5.3468 
6.4121 
6.5739 
7.5866 
7.6417 
9.0240 
9.2932 

13.546 
14.334 
16.759 
26.015 
26.063 
30.603 
33.872 
36.033. 
45.308 
57.955 
60.745 
81.261 
89.213 
89.486 

109.014 
122.92 
162.97 
198.47 
199.75 
32C). S3 

A 

74.874 
70.087 
60.123 
54.142 
44.163 
39.072 
35.104 
26.995 
24.931 
21.550 
20.680 
17.947 
16.462 
16.204 
15.170 
15.122 
13.918 
13.705 
11.438 
11.132 
10.279 
8.297 
8.326 
7.667 
7.310 
7.062 
6.335 
5.586 
5.472 
4.7250 
4.4990 
4.4999 
4.0642 
3.8096 
3.2949 
2.9453 
2.9453 
2.2577 

X 

0.31351 
.29351 
.25190 
.22693 
.18523 
.16395 
.14735 
.11344 
.10481 
.09065 
.08701 
.075564 
.069341 
.068261 
.063929 
'063729 
.058681 
.057787 
.048282 
.046999 
.043419 
.035100 
.035223 
.032455 
.030956 
.029911 
.026858 
.023707 
.023229 
.020084 
.019132 
.019135 
.017300 
.016225 
.014055 
.012576 
.012577 
,0Oi)C)CiS 

/* 
0.9902 

.9897 

.9886 

.9878 

.9861 

.9851 

.9842 

.9815 

.9806 

.9790 

.9786 

.9768 

.9757 

.9756 

.9747 

.9746 

.9735 

.9734 

.9706 

.9702 

.9690 

.9654 

.9653 

.9639 

.9626 

. 9625 

.9602 

.9577 

.9572 

.9540 

.9530 

. 9529 

.9506 

.9493 

.9457 

. 9434 

. 9432 

.93CC) 

K' X 10 
3.259 
3.265 
3.264 
3.264 
3.274 
3.274 
3.248 
3.271 
3.297 
3.310 
3.280 
3.303 
3.313 
3.288 
3.313 
3.315 
3.301 
3.294 
3.318 
3.323 
3.303 
3.322 
3.352 
3.332 
3.350 
3.323 
3.359 
3.337 
3.356 
3.345 
3.329 
3.341 
3.321 
3.290 
3.265 
3.179 
3.200 
3.085 

- 239.79 

K X 105 

3.195 
3.198 
3.190 
3.185 
3.184 
3.177 
3.146 
3.152 
3.171 
3.173 
3.141 
3.152 
3.154 
3.129 
3.147 
3.149 
3.130 
3.121 
3.126 
3.127 
3.102 
3.096 
3.123 
3.096 
3.106 
3.079 
3.097 
3.060 
3.074 
3.045 
3.024 
3.034 
3.001 
2.964 
2.921 
2.830 
2.847 
2.700 
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the equivalent conductance, the degree of disso
ciation, the mean activity coefficient of the ions, 
the stoichiometric ionization constant and the 
thermodynamic ionization constant. This table 
is based on a A0 value obtained from the conduc
tance of the strong electrolytes, sodium and po
tassium hydroxides, by the additive method. 

Equivalent conductances of sodium and potas
sium hydroxides and monoethanolammonium chlo
ride over a limited concentration range are given 
in Tables II, III and IV, respectively. 

TABLE II 

EQUIVALENT CONDUCTANCE OP SODIUM HYDROXIDE AT 25° 

Concn. 
C X 10' 

0.25339 
.26417 
.29973" 
.31230 
.57934" 
.75295 
.77058 
.80892" 
.81373° 

A 

246.34 
246.14 
246.11 
246.11 
245.04 
244.83 
244.92 
245.00 
245.22 

A0 = 

Concn. 
C X 10' 

1.0034 
1.7954 
2.7419 
3.2893 
3.8729 
5.8921° 
8.5340 
10.211 
10.513 

247.83 

A 

244.94 
243.58 
242.67 
242.27 
241.65 
240.12 
238.82 
237.93 
237.85 

" The values from conductance measurements made on 
the stock solution prepared from sodium amalgam. 

TABLE I I I 

EQUIVALENT CONDUCTANCE OP POTASSIUM HYDROXIDE AT 

25° 
Concn. 
C X 10= 

0.15581 
.17545 
.19920 
.23780 
.32192 
.34780 
.58624 
.79877 

1.0525 

A 

269.60 
269.51 
269.34 
269.68 
269.18 
268.90 
268.67 
268.22 
267.84 

A0 = 

Concn. 
C X 103 

1.2503 
1.4395 
2.3630 
3.5242 
4.4166 
5.9956 
9.3414 
11.165 

270.94 

A 

267.60 
267.44 
266.32 
265.41 
264.48 
263.57 
261.68 
260.90 

TABLE IV 

EQUIVALENT CONDUCTANCE OF MONOETHANOLAMMONIUM 

CHLORIDE AT 25 ° 

Concn. 
C X 10! 

0.28495 
.77892 
.88910 

1.0842 
1.4052 
2.1825 
2.6130 
3.0936 
3.7512 
4.3850 
6.7983 

A 

117.55 
116.44 
116.38 
116.03 
115.51 
114.83 
114.55 
114.52 
113.56 
113.38 
112.54 

Concn. 
C X 10' 

7.7008 
7.7412 
12.492 
13.068 
19.821 
22.726 
62.597 
109.010 
112.110 
116.120 

A 

111.34 
112.11 
109.97 
109.98 
107.84 
106.73 
101.21 
97.21 
96.90 
96.46 

A0 = I IK..IS 

The limiting conductance values of potassium and 
sodium hydroxides and monoethanolammonium 
chloride were determined by using Shedlovsky's 
method of extrapolation in which 1/A is plotted 
against \ / C - This gives A0 = 247.83 for sodium 
hydroxide, A0 = 270.94 for potassium hydroxide 
and Ao = 118.58 for monoethanolammonium 
chloride. These values, combined with limiting 
conductance for the Na+ , K + and C l - as deter
mined by Maclnnes, Shedlovsky and Longs-
worth14 (corrected to the Jones and Prendergast 
basis11), give the A0 value for monoethanolam
monium hydroxide which was used in Table I, as 
well as 197.71 and 197.41 for the limiting conduc
tance of the hydroxyl ion, obtained from sodium 
hydroxide and potassium hydroxide, respectively. 

The mean of the values of K in the concentra
tion range below 0.0015 N gives 3.19 X 10-\ 
Other weak electrolytes show a constant value of 
K below this concentration.15'1" The values of 
K in this range show a variation to be expected 
with a weak base. It is improbable that this 
variation is due to the solution of glass, since we 
were able to confirm the findings of Jeffery and 
Vogel12 and Wynne-Jones17 that the change 
in conductance of the more concentrated solu
tions (0.005-0.01 N) was inappreciable over the 
period of time required for a series of measure
ments. It is more likely that this variation re
sults from fluctuations in the carbon dioxide con
tent of the water used in preparing solutions, 
i. e., a failure to comply strictly with the assump
tion made earlier in this paper regarding constancy 
of carbon dioxide content of the water. 

Table I also shows a tendency for the constant, 
K, to decrease as the concentration of the mono
ethanolammonium hydroxide increases. This de
crease is expected due to the assumption made 
that the activity of the undissociated base is unity. 

Summary 
1. Conductances of sodium and potassium 

hydroxides, of monoethanolammonium chloride 
and of monoethanolammonium hydroxide have 
been measured over a limited range of concentra
tions at 25°. 

2. A new value for the limiting conductance of 
hydroxyl ion is reported. 

3. From these measurements the thermody-
(14) M a c l n n e s , Shed lovsky and I .ongswor th , T H I S J O U R N A L , 54, 

2758 (1932). 
(15) Shedlovsky , ibid., 54, 1429 (1932). 
(IG) M a r t i n and T a r t a r , ibid., 69, 2<>72 (l!W7). 
(!7) Wynne- Jones , J. Chem Sue, iYM) (192(1). 
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namic ionization constant of monoethanolam- found to be 3.19 X 10~6 at 25°. 
monium hydroxide has been calculated and SEATTLE, WASHINGTON RECEIVED MARCH 5, 1940 
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Vapor Pressures of Nickel and of Nickel Oxide 

BY H. L. JOHNSTON* AND A. L. MARSHALL 

Vapor pressures of copper and of iron, deter
mined by measuring the rates of evaporation from 
metal rings' heated inductively in a vacuum, were 
recently published from this Laboratory.1 We 
have completed a similar investigation with nickel 
between the temperatures of 1300 and 16000K., 
and have also determined vapor pressures of 
nickel oxide, by measuring rates of nickel and of 
oxygen loss from nickel rings coated with a thin 
film of the oxide. From these data, and thermo
dynamic and quantum-statistical data on both 
the solid and gaseous forms of nickel and of nickel 
oxide, we have computed their heats of sublima
tion and have derived vapor pressure formulas. 

Vapor pressures, p, are computed from the 
measured rates of evaporation, m, by use of the 
relationship1,2 

log p + log a = log m — ' / j log M + '/a log T — 1.647 

(1) 

where p is in atmospheres; m is in grams per square 
centimeter per second; M is the molecular weight 
in the vapor phase; T the absolute temperature; 
and a, termed the accommodation coefficient, is a 
measure of the efficiency with which molecules that 
strike the equilibrium surface from the vapor phase 
are condensed. The accommodation coefficient 
is unity if condensation results at every collision. 

As with copper and with iron, the results with 
nickel establish this coefficient as unity and sup
port the general validity of the Langmuir method 
in its application to metals. Vapor pressures, 
and the accommodation coefficient, could not be 
determined for the oxide with the same accuracy 
as for the metal, but the accommodation coeffi
cient appears to be unity within the limits of ex
perimental error. 

Nickel 
Experimental. Apparatus and procedure were described 

previously.1 Except as noted below the same description 
applies here. 

* Now at Ohio State University, Department of Chemistry. 
(1) Marshall, Dornte and Norton, THIS JOURNAL, 59, 1161 (1937). 
(2) l.ungmuir, Phys. Rev., 2, 329 (1913). 

The nickel used, in all but one of the runs, was electro
lytic in origin and had been vacuum melted in an alundum 
crucible. Spectrograph^ analysis indicated the absence of 
any impurity, in significant amount, other than cobalt. 
The latter was present to the extent of 0.64% in the original 
specimen and, within limits of a colorimetric method em
ployed for the analysis, this percentage remained un
changed in the evaporated film.8 The results obtained in 
a single (subsequent) run4 with a ring turned from pure 
carbonyl nickel6 were undistinguishable from those ob
tained with the electrolytic nickel. 

Dimensions of the nickel ring turned from the vacuum 
ingot were: outer diameter, 2.23 cm.; inner diameter, 
1.13 cm.; thickness, 0.63 cm.; total surface, 12.46 sq. 
cm. Correction for condensation of atoms which strike 
the inner surface of the ring reduces the effective surface 
area to 11.74 sq. cm. 

Evaporation losses were determined by weighing the ap
proximate 16 g. ring on a sensitive balance. Weighings 
were reproducible to within 0.02 milligram. 

Temperatures were determined by setting the filament 
of the optical pyrometer on two holes, 1.2 mm. in diame
ter, drilled vertically into the face of the specimen to a 
depth of about four millimeters. Measurements on a 
specimen drilled with holes of 0.6 mm., 1.2 mm. and 1.8 
mm. diameter proved that the emissivity from the 1.2 mm. 
hole was indistinguishable from that from the 0.6 mm. hole 
to the highest temperature to which measurements were 
carried, 16000K., and was therefore the equivalent of 
black body radiation. On the other hand, the emissivity 
from the 1.8 mm. hole was definitely less than black body 
at 1100° and yielded brightness temperatures more than 
twenty degrees in error at 1600°. 

Temperatures determined as described above were 
normally reproducible within limits of approximately three 
degrees (each determination the average of five to ten suc
cessive observations). This corresponds to limits of ap
proximately 10% on individual vapor pressure determina
tions. Temperatures were taken continuously during 

(3) The influence of this amount of cobalt on the measurements of 
the evaporation of nickel must lie well within the accuracy of the 
latter. The observation that the composition of the evaporated metal 
is identical with that of the original specimen within limits of the 
analytical error indicates that vapor pressures of cobalt and of nickel 
are nearly equal, which is in agreement with the data of Ruff and 
Bormann (Z. anorg. Chem., 88, 386, 397 (1914)) ou liquid nickel and 
cobalt. 

(4) Run M in the tables. This run was made by Dr. F. J. Norton 
and Dr. R. W. Dornte. 

(5) The metal for this ring was furnished through the courtesy of 
the International Nickel Co. Its composition was stated to be: 
99.89% nickel, 0.048% iron, 0.035% carbon, 0.014% copper and 
0.008% sulfur. 


