il & soap

janunary, 1939

Bibliography on Molecular or Short-Path Distillation

By S. B. DETWILER, JR. and K. S. MARKLEY
U. S. REGIONAL SOYBEAN INDUSTRIAL PRODUCTS LABORATORY, URBANA, ILLINOISt

HE application of molecular

or short-path distillation to

the separation and purifica-
tion of many organic materials
heretofore incapable of distillation
or distillable only with extreme
difficulty, amply testifies to the
value of this relatively new technic
in organic research. The extremely
low pressures and short path of
travel of the evolved vapors em-
ployed in this form of distillation
permit the separation of many or-
ganic species at temperatures well
below the point of thermal decom-
position. Thus, it has been pos-
sible to adapt this process to the
separation and purification of the
long-chain ‘hydrocarbons, alcohols,
fatty acids, esters, and glycerides,
which have heretofore been distil-
able only with difficulty, or in the
cases of animal and vegetable fats,
wholly undistillable, Other appli-
cations include the separation of
polymerized and unpolymerized
fractions of vegetable fats and oils;
the purification of amino acids,
sterols, and hormones; the produc-
tion of vitamin concentrates and
anhydrous enzyme preparations;
and the separation of the organic
salts of the rare earths.

The considerable and growing
interest in the subject of molecular
or short-path distillation has made
it desirable to collect and publish
a bibliography covering the scat-
tered literature on the technic and
application of this new research
tool. Listed below are references
to such articles and patents on
molecular stills and their applica-
tions, as have come to hand. These
references cover the period from
the early work of Broénsted and
Hevesy, in 1920, through Septem-
ber of the last year. In addi-
tion, a number of representative
references have been selected from
the extensive literature on high-
vacuum pumps, low pressure gages,
high-vacuum technic, etc., which
should prove useful to a molecular
still operator.

Where available, the Chemical
Abstract (CA) reference has been
included with each citation. Pat-
ents are indicated by an asterisk.
In general, dates appearing with

{1} A cooperative organization participated in
by the Bureaus of Chémistey and Soils and
Plant Industry of the U. 8. Department of
Agriculture, and the Agricultural Experi-
ment Stations of the North Central States
of Illinois, Indiana, Iowa, Kansas, Michi-
gan, Minnesota, Missouri, Nebraska, North
Dakota, Ohio, South Dakota, and Wis-
consin,

patents refer to dates of final ap-
proval.

MOLECULAR STILLS AND
APPLICATIONS

Almquist, H. J. J. Biol. Chem.
115, 589 (1936). Purification of
the antihemorrhagic vitamin by
distillation. (CA 30:8318)

*Bancroft, Frank E. (to Metro-
politan-Vickers Electrical Co.,
Ltd.). Can. pat. 362,459. Vac-
uum distillation apparatus. Dec.
8, 1936. (CA 31:1256)

*Bancroft, Frank E. and Metro-
politan-Vickers Electrical Co.,
Ltd. Brit. pat. 457,292. Improve-
ments in vacuum distillation ap-
paratus. Nov. 25, 1936. (CA
31:2874)

Baxter, J. G., Gray, E. LeB., and
Tischer, A. O. Ind. Eng. Chem.
29, 1112 (1937). Preparation
and characteristics of synthetic
constant-yield mixtures. (CA
31:8260)

Bémer, A, and Baumann, J. Z.
Unters. Nahrgs.-u. Genussm. 40,
97 (1920). Contribution to the
knowledge of the glycerides of
fats and oils. IX. Glycerides of
coconut otl. (CA 15:183)

*British Drug Houses, Ltd., and
Carr, Francis H. Fr. pat. 767,-
191.  Products containing vita-
mins.  July 12, 1934.  (CA
29:296)

*British Drug Houses, Ltd., Carr,
F. H., and Jewell, W. Brit. pat.
415,088. Improvements in or re-
lating to the distillation of liquids
containing vitamins. Aug. 17,
1934. (CA 29:891). See Fr.
pat. 767,191,

Bronsted, J. N, and Hevesy, G.
Nature 106, 144 (1920). The
separation of the isotopes of
mercury. (CA 14:3573)

Brénsted, J. N., and Hevesy, G.
Phil. Mag. (6) 43, 31 (1922).
Also Z. physik. Chem. 99, 189
(1921). On the separation of the
isotopes  of mercury. (CA
16:1180)

Burch, C. R. Proc. Roy. Soc.
(London) A123, 271 (1929).
Some experiments on vacuum
distillation. (CA 23:3076)

*Burch, Cecil R., and Bancroft,
Frank E. (to Associated Electri-
cal Industries, Ltd.). U. S. pat.
1,955,321, Vacuum distillation.
April 17, 1934. (CA 28:3812)

*Burch, C. R., Bancroft, F. E., and
Associated Electrical Industries,
Ltd. Brit. pat. 315,186. Improve-

ments in or relating to vacuum
distillation. July 11, 1929. (CA
24:1735)

*Burch, C. R., Bancroft, F. E., and
Metropolitan-Vickers Electrical
Co., Ltd. Brit. pat. 303,078. Im-
provements in or relating to vac-
uum distillation. July 19, 1928.
(CA 23:4378)

*Burch, C. R., Bancroft, F. E., and
Metropolitan-Vickers Electrical
Co., Ltd. Brit. pat. 303,079, Im-
provements in or relating to vac-
uum distillation. July 19, 1928,
(CA 23:4378)

*Burch, Cecil R., Preece, Frederick
H., and Associated Electrical
Industries, Ltd. Brit. pat. 396,-

205, High-vacuum distillation
systems. Aug. 3, 1933. (CA
28:546)

Carothers, Wallace H., and Hill,
Julian W. J. Am. Chem. Soc.
54,1557 (1932). Polymerization
and ring formation. XI. Use of
molecular evaporation as a means
for propagating chemical reac-
tions. (CA 26:2706)

Carothers, Wallace H., and Hil],
Julian W. J. Am. Chem. Soc. 54,
1559 (1932). Studies of poly-
merization and ring formation.
XII. Linear superpolyesters.
XIII. Polyamides and mixed
polyester-polyamides. XIV. A
linear superpolyanhydride and a
cyclic dimeric anhydride from
sebacic acid. XVI. A polyalco-
hol from decamethylene dimag-
nesium bromide. (CA 26:2706,
2707)

Carothers, Wallace H., Hill, Julian
W., Kirby, James E., and Jacob-
son, Ralph A. J. Am. Chem.
Soc. 52, 5279 (1930). Studies on
polymerization and ring forma-
tion. VII. Normal paraffin hy-
drocarbons of high molecular
weight prepared by the action of
sodium on decamethylene bro-
mide. (CA 25:485)

*FEastman Kodak Co. Brit. pat.
477,955, Fractional distillation.
January 6, 1938. (CA 32:4389)

*Eastman Kodak Co. Brit. pat.
482 881. Vacuum distillation.
April 6, 1938. (CA 32:6911)

*Eastman Kodak Co. Brit. pat.
432882,  Vacuum distillation.
April 6, 1938. (CA 32:6911)

*Eastman Kodak Co. Brit. pat.
482,883, Vacuum distillation.
April 6, 1938. (CA 32:6911)

*Eastman Kodak Co. Brit. pat.
484,736. Purifying soybean oil.
May 10, 1938. (CA 32:8180).
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See U. S. pat. 2,117,776.

*Eastman Kodak Co. Fr. pat. 809,-
700. Process of treating oleagin-
ous substances, and resultant
products. March 8, 1937. (CA
31:8972)

*HEastman Kodak Co. Fr. pat. 811,-
766.  Vacuum-distilling organic
materials. Apr. 22, 1937. (CA
32:588)

*Eastman Kodak Co. Fr. pat. 812,
734,  Distilling oils, fats or
waxes. May 15, 1937. (CA
32:1131)

*Eastman Kodak Co. Fr, pat. 817,-
036. Vacuum-distillation proces-
ses. August 24, 1937. (CA
32:1522)

*Eastman Kodak Co. Fr. pat. 825,-
680. Distilling apparatus. March
10, 1938. (CA 32:6509). See
Brit. pat. 477,955.

*Eastman Kodak Co. Fr, pat. 825,-
974. Vacuum distillation. March
18, 1938. (CA 32:6110)

*Fastman Kodak Co. Fr. pat. 825,-
978. Vacuum distillation of
solids. March 18, 1938. (CA
32:6110)

*Fastman Kodak Co. Fr. pat. 825,-
979. Vacuum distillation. March
18, 1938, (CA 32:6110). See
Brit. pat. 479,802.

Embree, N. D. Ind. Eng. Chem. 29,
975 (1937). Molecular distilla-
tion. Theory of elimination
curve. (CA 31:7703)

Farmer, Ernest H., and van den
Heuvel, Frantz A. J. Chem. Soc.
(1938}, 427. Unsaturated acids
of natural oils. Docosahexaenoic
acid, an abundant highly-unsatu-
rated acid of codliver oil. (CA
32:5378)

Farmer, Ernest H., and van den
Heuvel, Frantz Aime. J. Soc.
Chem. Ind. 57, 24T (1938).
Separation of the highly-unsatur-
ated acids of fish oils by mole-
cular distillation, (CA 32:3179)

*Fawcett, Eric W., Burrows, God-
frey, and Imperial Chemical In-
dustries, Ltd. Brit. pat. 480,265.
High-vacuum distillation. Feb-
ruary 21, 1938, (CA 32:5666)

*Fawcett, FEric W., and Imperial
Chemical Industries, Ltd. Brit,
pat. 438,056. Process of refin-
ing crude fats and fatty oils. Nov.
11, 1935. (CA 30:2787)

*Fawcett, Eric W., and Imperial
Chemical Industries, Ltd., Brit.
pat. 457,120. Improvements in
or relating to apparatus for vac-
uum distillations. Nov. 23, 1936.
(CA 31:2873)

*Fawcett, Eric W.,, and Imperial
Chemical Industries, Ltd. Brit.
pat. 469,425. High-vacuum dis-
tillation. July 26, 1937. (CA

32:397)

*Fawecett, Eric W., and McCowen,
John L. (to Imperial Chemical
Industries, Ltd.). U. S. pat. 2,-
073,202. Vacuum distillation.
March 9, 1937. (CA 31:2873)

*Fawcett, Eric W,, and McCowen,
John L. (to Imperial Chemical
Industries, 1td.). U. S. pat. 2,-
109,129. Apparatus for high
vacuum distillations. Feb. 22,
1938. (CA 32:2789)

*Fawcett, Eric W., McCowen, John
L., and Imperial Chemical In-
dustries, Ltd. Brit. pat. 434,726.
Vacuum distillation apparatus.
Sept. 9, 1935. (CA 30:908)

*Fawcett, Eric W., and Walker,
Eric E. (to Imperial Chemical
Industries, Ltd.). U. S. pat. 2,-
128,354, Drying oils prepared
from fish oils. Aug. 30, 1938
(CA 32:8808)

*Fawcett, E. 'W., Whittaker, D.,
and Imperial Chemical Indus-
tries, Ltd. Brit. pat. 464,395,
Improvements in and relating to
the production of oils rich in
vitamins. Oct. 19, 1936. (CA
31:6416)

*Fraser, Ronald G. J. (to Imperial
Chemical Industries, Ltd.). U.
S. pat. 2,128223. Fractional
short-path distillation. Aug. 30,
1938. (CA 32.:8220)

*Braser, Ronald G. J., and Imperial
Chemical Industries, Ltd. Brit.
pat. 467,028. High vacuum dis-
tillation apparatus. June 9, 1937,
(CA 31:8265)

Fruedenberg, Karl, Friedrich, Karl,
Bumann, Ilse, and Soff, K. Ann.
494,41 (1932). Lignin and cellu-
lose. XVIIL Cellulose and starch.
(CA 26:3237)

Gurin, Samuel. J. Am. Chem. Soc.
58, 2104 ¢1936). High vacuum
distillation of N-acyl amino acid

and polypeptide esters. (CA
31:372)
Hickman, K. C. D. Ind. Eng.

Chem. 29, 968 (1937). Molecular
distillation. Apparatus and meth-
ods. (CA 31:7703)

Hickman, K. C. D. Ind. Eng.
Chem. 29, 1107 (1937). Molecu-
lar distillation. State of the vita-
mins in certain fish-liver oils.
(CA 31:8258)

Hickman, K. Nature 138, 881
(1936). Identification of vita-
mins by molecular distillation.
(CA 31:1063)

*Hickman, Kenneth C. D. (to
Eastman Kodak Co.). Brit. pat.
476,134, Distilling oils and fats
containing vitamins. Dec. 2,
1937. (CA 32:3914)

*Hickman, Kenneth C. D. (to East-
man Kodak Co.). Brit. pat. 479,

802. Distillation processes. Feb.
11, 1938, (CA 32:4835)

*Hickman, Kenneth C, D. (to East-
man Kodak Co.). Brit. pat. 479,-
816. High-vacuum distillation,
Feb. 11, 1938. (CA 32:4835%)

*Hickman, K. C. (to Eastman Ko-
dak Co.). Brit. pat. 480,385.
Distilling, purifying, and preserv-
ing oils and fats. Mar. 2, 1938.
(CA 32:6490)

*Hickman, Kenneth C. D. (to
Eastman Kodak Co.). Brit. pat.
485,549, Distilling unsaturated
oils.  May 18, 1938. (CA
32:8813)

*Hickman, Kenneth C. D. (to
Eastman Kodak Co.). U. S. pat.
1,925,559, Vacuum extraction of
cod-liver oil. Sept. 5, 1933. (CA
27:5483)

*Hickman, Kenneth C. D. (to Fast-
man Kodak Co.). U. S. pat. 1-
942,858, Distillation apparatus.
Jan. 9, 1934. (CA 28:1579)

*Hickman, Kenneth C. D. (to East-
man Kodak Co.). U. S. pat. 2,-
113,302. Processes of distillation.
April 5, 1938. (CA 32:4018)

*Hickman, Kenneth C. D. (to East-
man Kodak Co.). U. S. pat. 2,-
117,802. Distillation process. May
17,1938. (CA 32:4835)

*Hickman, Kenneth C. D. (to East-
man-Kodak Co.). U. S. pat. 2,

117,803. Vacuum distillation
process. May 17, 1938. (CA
32:4835)

*Hickman, K. C. (to Eastman Ko-
dak Co.). U.-S. pat. 2,124,879,
Vacuum distillation of matérials
such as vitaminic fish oils. July
26, 1938. (CA 32.7296)

*Hickman, K. C. U. S. pat. 2,126,
466. Medicinal oleaginous distil-
lation. Aug. 9, 1938. (CA
32:7760)

*Hickman, K. C., and Hecker, J.
C. U. S. pat. 2,126,467. Distilla-
tion process. Aug. 9, 1938. (CA
32:7760)

Hickman, K. C. D., and Gray, E.
LeB. Ind. Eng. Chem. 30, 796
(1938). Molecular distillation.
Examination of natural vitamin
D. (CA 32:6694)

Hickman, K. C. D,, and Sanford,
C. R. J. Phys. Chem. 34, 637
(1930). The purification, proper-
ties, and uses of certain high-
boiling organic liquids. (CA
24:2121)

Hill, Julian W. Science 76, 218
(1932). The “molecular still” as
a tool of biochemical research.
(CA 26:5319)

*Imperial Chemical Industries, Ltd.
Brit. pat. 422941. TImprove-
ments in the distillation of poly-
merised drying oils, Jan. 22,

3
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1935. (CA 29:4610)

*Imperial Chemical Industries, Ltd.
Brit. pat. 448,800. Flavoring mat-
ters obtained from butterfat and
their application. June 15, 1936.
(CA 30:7716)

*Imperial Chemical Industries, Ltd.
Fr. pat. 789,919, Improvements
in the refining of fats and crude

fatty oils. Nov. 8, 1935, (CA
30:3264). See Brit. pat. 438~
056.

*Imperial Chemical Industries, Ltd.
Fr. pat. 802,177. Improvements
in the treatment of vitamin-con-
taining oils and the resultant
products. Aug. 29, 1936. (CA
30:1516)

*Imperial Chemical Industries, Ltd.
Fr. pat. 807,351, High vacuum
distillation. Jan. 11, 1937. (CA
31:5224)

*Imperial Chemical Industries,
Itd. Fr. pat. 811,920. Oils rich
in vitamins. Apr. 26, 1937. (CA
32731

*Imperial Chemical Industries,
Ttd. Fr. pat. 825,773, Vacuum

distillation. March 14, 1938,
(CA 32:6509). See Brit. pat.
480,265.

*Imperial Chemical Industries,

Ltd., Fawecett, Eric W, and Wal-
ker, Eric E. Brit. pat. 442,000.
Polymerized oils. Jan. 31, 1936.
(CA 30:4708)

Iselin, P. Chimie et industrie
(Special No.) 21, 265 (February
1929). Analysis of lubricating
oils by distillation in cathodic
vacuum. {CA 23:3801)

Killeffer, D. H. Ind. Eng. Chem.
29, 966 (1937). Molecular dis-
tillation. Useful vacuity,

Knight, Henry G. Ind. Eng. Chem.,
News Ed. 16, 291 (1938). Indus-
trial accomplishments at the new
soybean laboratory. (CA 32:
5099)

Louis, M. Proc. World Petroleum
Congress 1933, 399. Method of
distallation of mineral oils in
cathodic vacuum,

Louis, M., and Chmelevsky, A.
Ann. combustibles liquides 6,
59 (1931). Distillation of lubri-
cating oils in cathodic vacuum.
(CA 25:4695)

Louis, M., and Chmelevsky, A.
Chimie et industrie {Special
No.) 25, 399 (March 1931). Dis-
tillation of lubricating oils in
cathodic vacuum, (CA 25:3476)

Louis, M, and Penhoat. Compt.
vend. congr. Graissage 1931, 132;
Chem. Zentr, 1932, 11, 2571. Dis-
tillation of mineral oils in a cath-
odic vacuum. (CA 27:5950)

Mair, Beveridge J., and Schick-
tanz, Sylvester T. J. Res. Nat.
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Bur. Standards 17, 909 (1936)
(Research paper RP953). Ex-
traction, with acetone, of sub-
stantially constant-boiling frac-
tions of a “water-white” lubri-
cating oil. (CA 31:1188)

Mair, Beveridge J., Schicktanz,
Sylvester ‘T., and Rose, Frank
W., Jr. J. Res. Nat. Bur. Stand-
ards 15, 557 (1935) (Research
paper RP849). Apparatus and
methods for investigating the
chemical constitution of lubricat-
ing oil, and preliminary fraction-
ation of the lubricating-oil frac-
tion of a mid-continent petrol-
eum. (CA 30:1985)

Markley, K. S., Hendricks, Sterling
B., and Sando, Charles E. J. Biol.
Chem. 111, 133 (1935). Consti-
tuents of the wax-like coating of
the pear, Pyrus communis, L.
(CA 29:7391)

McDonald, Ellice. J. Franklin Inst.
221, 103 (1936). Some new and
unique apparatus for biochemical
study. (CA 30:2594)

*Metropolitan Vickers Electrical
Co., Ltd. Fr. pat. 662,643. Ap-
paratus for vacuum distillation
of organic materials. Aug. 9,
1929. (CA 24:272)

*N. V. de Bataafsche Petroleum
Maatschappij. Brit. pat. 358,391.
Apparatus for vacuum distilla-
tion of liquids. 'Oct. 8, 1931.
(CA 26:4735)

*N. V. de Bataafsche Petroleum
Maatschappij. Dutch pat. 27,023,
Distillation at very low pressure.
June 15, 1932. (CA 26:4659)

*N. V. de Bataafsche Petroleum
Maatschappij. Fr. pat. 709,974.
Distilling liquids. Aug. 17, 1931.
(CA 26:1046)

*N. V. de Bataafsche Petroleum
Maatschappij. Ger. pat. 608,253,
High vacuum distillation appara-
tus. Jan. 19,1935, (CA 29:2401)

*Qosterhof, D., van Vledrop, C,
and Waterman, H. L. (to Imper-
ial Chemical Industries, ILtd.).
U. S. pat. 2,065,728, Process for
removing low molecular glycer-
ides from polmerized oils by dis-
tillation. Dec. 29, 1936. (CA
31:1235)

Strain, Wm. H., and Allen, Willard
M. Ind. Eng. Chem., Anal. Ed.
7, 443 {1935). A molecular still.
(CA 30:3282)

*Tischer, Arthur O. (to Eastman
Kodak Co.). U. S. pat. 2,117,776.
Soybean-oil purification. May
17, 1938. (CA 32:5242)

*Vigers, Briau E. A, (to Imperial
Chemical Industries, Ltd.). U.
S. pat. 2,073,327. High vacuum
distillation and apparatus there-
for. March 9, 1937. (CA 31:
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*Vigers, Brian E. A, and Imperial
Chemical Industries, Lid. Brit.
pat. 457,778. Improvements in
or relating to high vacuum distil-
lation apparatus. Dec. 4, 1935,
(CA 31:3342)

*Vigers, Brian E. A., and Imperial
Chemical Industries, Ltd. Brit.
pat. 458,118, TImprovements in
or relating to high vacuum dis-
tillation apparatus. Dec. 14,
1936. (CA 31:3343)

*Vigers, Brian E. A., and Imperial
Chemical Industries, Itd. Brit.
pat. 458,119, Improvements in
or relating to high vacuum dis-
tillation and apparatus therefor.
Dec. 14, 1936. (CA 31:3343)

*Vigers, Brian E. A., McCowen,
John 1., and Imperial Chemical
Industries, Ltd. Brit. pat. 458 -
117. Improvements in and relat-
ing to apparatus for high vacuum
distillation. Dec. 14, 1936, (CA
31:3342)

Washburn, Edward W. Am. Pe-
troleum Inst. Proc. 14th Ann.
Meeting, Sec. III, 111 (1933).
Chemical constituents of petrol-

eum — A.P.I. research project
No. 6. (CA 28:3877)
Washburn, Edw. W., Brunn,

Johannes H., and Hicks, Mildred
M. J. Res. Nat. Bur. Standards
2, 467 (1929) (Research paper
RP45). Apparatus and method
for the separation, identification,
and determination of the chem-
ical constituents of petroleum.
(CA 23:2279)

Waterman, H. 1., and Elsbach, E.
B. Chem. Weekblad 26, 469
(1929). Apparatus for distilla-
tion under very low pressure.
(CA 24:268)

Waterman, H. 1., and Leendertse,
. J. Trans. Faraday Soc. 32,
251 (1936). Polymerization of
unsaturated hydrocarbons. (CA
30:2457)

Waterman, H. 1., and Nijholt, J.
A. Chem. Weekblad 24, 268
(1927). The distillation of coco-
nut oil at very low pressures.
(CA 21:2568)

Waterman, H. 1., and Qosterhof,

D. Rec. trav. chim. 52, 895
(1933). Polymerization of lin-
seed oil. (CA 28:349)

Waterman, H. I, and Rijks, H. J.
Z. deut. Oel-Fett-Ind. 46, 177
(1926). The distillation of coco-
nut oil at very low pressures.
(CA 20:2590)

Waterman, H. 1., and van Vledrop,
C. Chimie et industrie 34, 1036
(1935). Polymerization: Some
applications in the organic in-
dustry. (CA 30:1592)
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*Waterman, Hein 1., and van Vio-
drop, Cornelus (to Imperial
Chemical Industries, Ltd.). U.
S. pat. 2,129,596, Short path,
high-vacuum distillation of hor-
mones, dyes and dye intermedi-
ates, etc. Sept. 6, 1938. (CA
32:8707)

*Waterman, Hein 1., van Vlodrop,
Cornelus, van Dijk, Johannes A.,
and Imperial Chemical Indus-
tries, Ltd. Brit. pat. 452,442, Pur-
ifying vitamin-containing oils.
Aug. 21, 1936. (CA 31:1165)

Woog, Paul, and Chmelevsky,
Alexandre. Compt. rend. congr.
Graissage 1931, 139; Chem.
Zentr. 1932, 11, 2571. Distillation
of lubricating oils in cathodic
vacuum. (CA 27:5951)
ACCESSORY APPARATUS,

MATERIALS, AND TECHNIC

Baker, Edward B., and Boltz,
Howard A. Rev. Sci. Instru-
ments 6, 173 (1935). An im-
proved absolute manometer for
pressures from one-thousandth
of a micron to one atmosphere.
(CA 29:4637)

Becker, J. A., and Jaycox, E. K.
Rev. Sci. Instruments 2, 773
{1931). A new high vacuum sys-
tem. (CA 26:877)

Bless, A. A, Science 68, 38 (1928).
A Mcleod gage of wide range.
(CA 22:3069)

Booth, Harold S. Ind. Eng. Chem.,,
Anal. Ed. 4, 380 (1932). Im-
proved MclLeod gage and mano-
meter. (CA 26:4790)

Burch, C. R. Nature 122, 729
(1928). Oils, greases, and high
vacua. (CA 23:967)

Carlson, Walter A., and Borchardt,
1. F. Ind. Eng. Chem., Anal
Ed. 10, 94 (1938). A complete
mercury - purification system.
(CA 32:2394)

DeVries, Thos. J. Optical Soc. Am.

18, 333 (1929). A modified
Pirani vacuum gage. (CA
23:4849)

Dushman, Saul. J. Franklin Inst
211, 689 (1931), Recent ad-
vances in the production and
measurement of high vacna.
(CA 25:3530)

Ellett, A., and Zabel, R. M. Phys.
Rev. (2) 37, 1102 (1931). The
Pirani gage for the measurement
of small changes of pressure.
(CA 25:3524)

Fredlund, Ernst. Ann. Physik (5)
13, 802 (1932). The pressure
range of the Knudsen mano-

meter. (CA 26:4210)

Henderson, Joseph E. Rev, Sci
Instruments 6, 66 (1935). A
two-stage oil diffusion pump.
(CA 29:3199)

Hickman, K. J. Franklin Inst. 213,
119 (1932). A vacuum technic
for the chemist. (CA 26:1833)

Hickman, K. C. D. J. Franklin

Inst. 221, 215 (1936). Vacuum
pumps and pump oils. 1. Some
fractionation pumps. (CA
30:2428)

Hickman, K. C. D. J. Franklin
Inst. 221, 383 (1936). Vacuum

pumps and pump oils. II. Com-
parison of oils. (CA 30:2803)

*Hickman, Kenneth C. D. (to Ko-
dak Ltd.). Brit. pat. 473978.
High-vacuum ejector apparatus,
Oct. 25,1937. (CA 32:2794)

*Hickman, Kenneth C. D. (to East-
man Kodak Co.}. U. S. pat. 1,-
857,508. Method of evacuating.
May 10, 1932. (CA 26:3860)

*Hickman, Kenneth C. D., and
Baxter, James G. (to Eastman
Kodak Co.). Can. pat. 371,628.
Production of a high vacuum.
Feb. 1, 1938. (CA 32:2400)

Hickman, K. C. D., and Sanford,
C. R. Rev. Sci. Instruments I,
140 (1930). A study in con-
densation pumps. (CA 24:2010)

Kaye, G. W. C. High vacua. Lon-
don and New York: Longmans,
Green and Co., 1927, (CA
21:2039) (Reviewed in Mining
Met. 8, 159 (1927) )

Malter, L., and Marcuvitz, N. Rev.
Sci. Instruments 9, 92 (1938).
On a modification of Hickman’s
distillation pump. (CA 32:4385)

Mills, Peter J. Rev. Sci. Instru-
ments 3, 309 (1932). Time-
pressure characteristics of vari-
ous diffusion and molecular
pumps. (CA 26:4211)

Morton, Avery A. Laboratory
technique in organic chemistry.
New York: McGraw-Hill Book
Co., Inc, 1938. (CA 32:1711)
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