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explain many other data presented at 
this meeting and elsewhere. The ideas 
of Warburg vary considerably from 
those of most other workers in photo- 
synthesis, and no reconciliation be- 
tween them appears possible at the 
present time. 

A great many of the papers at- 
tempted to present a brief review and 
overall perspective of the work from 
each particular laboratory over the past 
2 or 3 years. In view of this, and the 
rather extensive coverage of active lab- 
oratories at the meeting, the volume 
to be published by the National Acad- 
emy of Sciences-National Research 
Council in the near future should be a 
valuable record of the state of photo- 
synthetic research in the early 1960's. 

The meeting was sponsored by the 
Photobiology Committee of the Na- 
tional Academy of Sciences-National 
Research Council and received finan- 
cial support from the National Science 
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C. Frondel (Harvard), in his intro- 
ductory remarks, considered areas 
where research is still needed for the 
understanding of the various poly- 
morphs of silica. He revealed that 
quartz as an entity has been well 
known for over 2000 years and re- 
viewed the three periods in which the 
investigation of silica polymorphs has 
been especially intense. Currently the 
details of the crystal structure and 
chemical composition of the silica poly- 
morphs and silica glass are under in- 
tense study. Water in silica minerals 
may occur as tetrahedral OH groups. 
He noted also that the silicon-oxygen 
bond lengths vary considerably both in 
silica and silicates and that symmetrical 
SiO4 tetrahedra are only approxima- 
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however, it is still a matter of conjec- 
ture why cristobalite shows such little 
variation in crystal structure while 
tridymite is known to be quite variable. 

While Frondel had suggested that 
only 11 polymorphs of silica exist and 
thought it unlikely that many new ones 
will be discovered, Sosman (Rutgers) 
remarked that in his opinion there are 
22 or more polymorphs of silica. Sos- 
man considers that there are nine va- 
rieties of tridymite, six of which are 
varieties of tridymite S, as described 
by investigators at Pennsylvania State 
University, and three are varieties of 
Pennsylvania State's tridymite M. Fron- 
del's classification adheres to Fenner's 
long-standing recognition of only three 
tridymites. In addition, Sosman lists 
five amorphous phases, including what 
he calls "silica M," produced by neu- 
tron bombardment, "supra-piezo-vitre- 
ous silica," and "compacted silica." 

William Campbell (Lexington Lab- 
oratories), who suggested the theme of 
the meeting, spoke briefly on the mi- 
crosolid solutions in quartz. He noted 
variations in physical properties such 
as density, unit cell dimensions, ab- 
sorption spectra, indices of refraction, 
and radiation darkening in relation to 
specimen composition. The principal 
experimental difficulty is obtaining the 
degree of precision necessary to ob- 
serve the small variations in composi- 
tion. 

The hydrothermal crystal growth of 
quartz was discussed primarily from a 
kinetic point of view by R. Laudise 
(Bell Telephone Laboratories). He 
showed that the principal reaction for 
silica dissolution in pure water was: 

SiO2 + nH20 --> SiO,>2nH,O 

with n = 2. To increase the solubility 
of silica in water, it is necessary to 
add some mineralizer, typically sodium 
hydroxide. Laudise proposed a consec- 
utive reaction scheme consisting of the 
following steps: dissolution, transport 
by thermal convection, diffusion in the 
solvent phase, chemisorption, surface 
diffusion on the growing crystal, and 
attachment at kink in crystal. The latter 
three can be grouped as the phase 
boundary step and indications are that 
in a typical condition of hydrothermal 
growth, the phase boundary reaction 
is slowest and therefore dominates the 
process. A number of other crystals, 

however, it is still a matter of conjec- 
ture why cristobalite shows such little 
variation in crystal structure while 
tridymite is known to be quite variable. 

While Frondel had suggested that 
only 11 polymorphs of silica exist and 
thought it unlikely that many new ones 
will be discovered, Sosman (Rutgers) 
remarked that in his opinion there are 
22 or more polymorphs of silica. Sos- 
man considers that there are nine va- 
rieties of tridymite, six of which are 
varieties of tridymite S, as described 
by investigators at Pennsylvania State 
University, and three are varieties of 
Pennsylvania State's tridymite M. Fron- 
del's classification adheres to Fenner's 
long-standing recognition of only three 
tridymites. In addition, Sosman lists 
five amorphous phases, including what 
he calls "silica M," produced by neu- 
tron bombardment, "supra-piezo-vitre- 
ous silica," and "compacted silica." 

William Campbell (Lexington Lab- 
oratories), who suggested the theme of 
the meeting, spoke briefly on the mi- 
crosolid solutions in quartz. He noted 
variations in physical properties such 
as density, unit cell dimensions, ab- 
sorption spectra, indices of refraction, 
and radiation darkening in relation to 
specimen composition. The principal 
experimental difficulty is obtaining the 
degree of precision necessary to ob- 
serve the small variations in composi- 
tion. 

The hydrothermal crystal growth of 
quartz was discussed primarily from a 
kinetic point of view by R. Laudise 
(Bell Telephone Laboratories). He 
showed that the principal reaction for 
silica dissolution in pure water was: 

SiO2 + nH20 --> SiO,>2nH,O 

with n = 2. To increase the solubility 
of silica in water, it is necessary to 
add some mineralizer, typically sodium 
hydroxide. Laudise proposed a consec- 
utive reaction scheme consisting of the 
following steps: dissolution, transport 
by thermal convection, diffusion in the 
solvent phase, chemisorption, surface 
diffusion on the growing crystal, and 
attachment at kink in crystal. The latter 
three can be grouped as the phase 
boundary step and indications are that 
in a typical condition of hydrothermal 
growth, the phase boundary reaction 
is slowest and therefore dominates the 
process. A number of other crystals, 
including garnets, have been grown by 
this technique. 

Discussing the optical spectra of 
rare earths in fused silica, W. Nelson 
(Owens-Illinois Glass Company) con- 

including garnets, have been grown by 
this technique. 

Discussing the optical spectra of 
rare earths in fused silica, W. Nelson 
(Owens-Illinois Glass Company) con- 

Bausch & Lomb 

SPECTRONIC 505 
RECORDING 

Bausch & Lomb 

SPECTRONIC 505 
RECORDING 

It's simple to place samples Light sources are easily ex- Reflectance sphere mounts 
in this 103 mm long com- changed, self-aligning. quickly . . . provides ac- 
partment. curate readings. 

It's simple to place samples Light sources are easily ex- Reflectance sphere mounts 
in this 103 mm long com- changed, self-aligning. quickly . . . provides ac- 
partment. curate readings. 

H ere is a fully automatic precision instrument designed for fast, critical re- 
cording of transmittance, linear absorbance, reflectance and emission through. 
out the UV and visible ranges that costs less than half as much as similar types. 
It will analyze everything from ale to zinc with high accuracy, excellent re. 
peatability, good resolution-and in record time! Even your most complex 
qualitative and quantitative analyses can be performed in minutes-instead of 
hours! 

The "505" offers many unique features. Take chart speed for example. It 
automatically adjusts itself to the complexity of the curve being run. Also, 
there are six pre-selected scanning speeds to choose from-easily changed 
during the run by turning a knob on the control panel. And although the 
instrument is set for direct linear recording in transmittance, you can switch 
to linear absorbance by simply substituting a set of absorbance gears. 

High dispersion plus a minimum of scattered light (less than 0.1% at 
220 mi,) are other important advantages. There are four models, numerous 
accessories. For details, ask us for bulletin D-2009. 

S-3850X Ultraviolet-Visible Range (200-650 ma), Model 4, complete ..................$4,880.00 

H ere is a fully automatic precision instrument designed for fast, critical re- 
cording of transmittance, linear absorbance, reflectance and emission through. 
out the UV and visible ranges that costs less than half as much as similar types. 
It will analyze everything from ale to zinc with high accuracy, excellent re. 
peatability, good resolution-and in record time! Even your most complex 
qualitative and quantitative analyses can be performed in minutes-instead of 
hours! 

The "505" offers many unique features. Take chart speed for example. It 
automatically adjusts itself to the complexity of the curve being run. Also, 
there are six pre-selected scanning speeds to choose from-easily changed 
during the run by turning a knob on the control panel. And although the 
instrument is set for direct linear recording in transmittance, you can switch 
to linear absorbance by simply substituting a set of absorbance gears. 

High dispersion plus a minimum of scattered light (less than 0.1% at 
220 mi,) are other important advantages. There are four models, numerous 
accessories. For details, ask us for bulletin D-2009. 

S-3850X Ultraviolet-Visible Range (200-650 ma), Model 4, complete ..................$4,880.00 

Branches: Boston 16 Danbury Elk Grove Village Fullerton Philadelphia 2 Silver Spring Syracuse 2 Mass. Conn. Ill. Calif. Penna. Md. * N.Y, 
Branches: Boston 16 Danbury Elk Grove Village Fullerton Philadelphia 2 Silver Spring Syracuse 2 Mass. Conn. Ill. Calif. Penna. Md. * N.Y, 

24 JANUARY 1964 24 JANUARY 1964 399 399 



VERSATILE SELECTION... 
REDUCING ADAPTERS 
These bushing type adapters can do 
the job for you at a fraction of the 
cost of glass adapters. Pioneer re- 
ducing adapters are made from heat 
resistant pololefin. They are corro- 
sion resistant, freeze-proof, shatter- 
proof and unbreakable. Here's pro- 
tection and versatility for your val- 
uable glass lab set-ups. 
When you specify Pioneer, you can 
be sure of quality design and proper 
selection of material planned for 
specific laboratory applications. 
AVAILABLE THROUGH YOUR LABORATORY SUPPLY 
HOUSE... FOR COMPLETE SPECIFICATIONS AND 
PRICES, PLEASE REQUEST OUR SIXTEEN PAGE 
BULLETIN... 

Pioneer Plastics, Inc. 
DEPT. SM, P.O. BOX 8066, 
JACKSONVILLE, FLORIDA-32211 

400 

VERSATILE SELECTION... 
REDUCING ADAPTERS 
These bushing type adapters can do 
the job for you at a fraction of the 
cost of glass adapters. Pioneer re- 
ducing adapters are made from heat 
resistant pololefin. They are corro- 
sion resistant, freeze-proof, shatter- 
proof and unbreakable. Here's pro- 
tection and versatility for your val- 
uable glass lab set-ups. 
When you specify Pioneer, you can 
be sure of quality design and proper 
selection of material planned for 
specific laboratory applications. 
AVAILABLE THROUGH YOUR LABORATORY SUPPLY 
HOUSE... FOR COMPLETE SPECIFICATIONS AND 
PRICES, PLEASE REQUEST OUR SIXTEEN PAGE 
BULLETIN... 

Pioneer Plastics, Inc. 
DEPT. SM, P.O. BOX 8066, 
JACKSONVILLE, FLORIDA-32211 

400 

SCIENTIFIC and 
TECHNICALS BOOKS 

imported from U.S.S.R. translated into English 
all illustrated with charts and photographs 

Alexeyev, V.-Quantitative Analysis 
(text book) ............... 419 pp. 4.00 

Barkan, V. and Zhdanov, V.,-Radio 
Receivers ................ 582 pp. 2.75 

Kolobkov, N.-Our Atmospheric Ocean 
.......................... 330 pp. 2.25 

Kampaneyets, A. S.-Theoretical Physics 
.......................... 593 pp. 3.50 

Kondratyev, V.-The Structure of Atoms 
and Molecules .... ........ 530 pp. 3.25 

Korsunsky, M.-The Atomic Nucleus... 
.......................... 411 pp. 2.00 

Kostenko, M. et al.-Electrical Ma- 
chines ..................... 500 pp. 3.25 

Lakhtin, Y.-Engineering Physical Metal- 
lurgy ...................... 471 pp. 3.25 

Riss, A.-Production of Ferro-alloys.... 
..........................278 pp. 2.50 

Rumyantsen, S.-Industrial Radiology.. 
.......................... 265 pp. 2.25 

Sigalov, E. et al.-Reinforced Concrete 
.......................... 393 pp. 3.00 

Stepin, P.-Strength of Materials ...... 
.......................... 375 pp. 2.50 

Sushkov, V. V.-Technical Thermody- 
namics .................... 395 pp. 3.00 

Zhdanov, G. and Tindo, I.-Space Lab- 
oratories ................... 197 pp. 1 .25 
-Ninth International Annual Confer- 
ence of High Energy Physics: Plenary 
Sessions I-V and VI-IX, Kiev, July 15- 
25, 1959. (Moscow,. 1960-Acad. of 
Sciences of USSR-lnt'l. Union of Pure 
& Applied Physics-in 2 vols.) The set- 9.00 

Average shipping charges approx. 10% for 
postage and handling. Order by mail 

WRITE FOR COMPLETE CATALOG 308 

FOUR CONTINENT BOOK CORP. 
DEPT. 308, 156 FIFTH AVENUE, NEW YORK 10, N. Y. 

SCIENTIFIC and 
TECHNICALS BOOKS 

imported from U.S.S.R. translated into English 
all illustrated with charts and photographs 

Alexeyev, V.-Quantitative Analysis 
(text book) ............... 419 pp. 4.00 

Barkan, V. and Zhdanov, V.,-Radio 
Receivers ................ 582 pp. 2.75 

Kolobkov, N.-Our Atmospheric Ocean 
.......................... 330 pp. 2.25 

Kampaneyets, A. S.-Theoretical Physics 
.......................... 593 pp. 3.50 

Kondratyev, V.-The Structure of Atoms 
and Molecules .... ........ 530 pp. 3.25 

Korsunsky, M.-The Atomic Nucleus... 
.......................... 411 pp. 2.00 

Kostenko, M. et al.-Electrical Ma- 
chines ..................... 500 pp. 3.25 

Lakhtin, Y.-Engineering Physical Metal- 
lurgy ...................... 471 pp. 3.25 

Riss, A.-Production of Ferro-alloys.... 
..........................278 pp. 2.50 

Rumyantsen, S.-Industrial Radiology.. 
.......................... 265 pp. 2.25 

Sigalov, E. et al.-Reinforced Concrete 
.......................... 393 pp. 3.00 

Stepin, P.-Strength of Materials ...... 
.......................... 375 pp. 2.50 

Sushkov, V. V.-Technical Thermody- 
namics .................... 395 pp. 3.00 

Zhdanov, G. and Tindo, I.-Space Lab- 
oratories ................... 197 pp. 1 .25 
-Ninth International Annual Confer- 
ence of High Energy Physics: Plenary 
Sessions I-V and VI-IX, Kiev, July 15- 
25, 1959. (Moscow,. 1960-Acad. of 
Sciences of USSR-lnt'l. Union of Pure 
& Applied Physics-in 2 vols.) The set- 9.00 

Average shipping charges approx. 10% for 
postage and handling. Order by mail 

WRITE FOR COMPLETE CATALOG 308 

FOUR CONTINENT BOOK CORP. 
DEPT. 308, 156 FIFTH AVENUE, NEW YORK 10, N. Y. 

centrated on the effects that are ob- 
tained by introducing two rare earth 
ions into fused silica. In general the 
amounts of doping were less than 200 
parts per million on an atomic basis. 
He speculated about the mechanisms 
of energy transfer between the rare 
earth ions. 

For example, in the case of terbium- 
europium, the terbium fluorescence 
in the absence of europium is sim- 
ilar to the fluorescence of crystalline 
anhydrous terbium chloride. However, 
when small quantities of europium are 
added, the fluorescence becomes simi- 
lar to that of crystalline terbium ni- 
trate. Both the absorption behavior for 
the exciting radiation and the emmis- 
sion behavior are drastically changed. 
The europium-terbium pair was de- 
scribed as behaving in a "catalytic" 
way, that is, the presence of europium 
causes the fluorescence of terbium 
when excited with ultraviolet. This re- 
action is not coincident with a terbium 
absorption because the europium itself 
does not fluoresce. The case of cerium- 
terbium is termed "parasitic" by Nelson 
because, after additions of terbium, the 
ions act as if they were "sapping" en- 
ergy from the excited states of the 
cerium ions. For the combinations of 
lutecium-europium and of praseodymi- 
um-gadolinium the interactions are 
more complex and difficult to explain 
even conceptually. 

Prior to the work of S. Weissmann 
(Rutgers), some investigators believed 
that quartz and fused silica heavily 
damaged by radiation approached a 
common state. This was based on the 
similarity of the density and diffuse 
x-ray diffraction patterns in these two 
cases. By use of a variety of tech- 
niques, such as electron transmission 
microscopy, electron diffraction, x-ray 
back reflection, divergent beam tech- 
nique, and small angle scattering, 
Weissmann was able to prove the exist- 
ence of micro crystals of quartz in 
radiation-damaged fused silica. In the 
case of radiation-damaged quartz he 
proposes a model based on the pres- 
ence of clusters of silicon in the rem- 
nants of the screw channels of quartz 
structure. The data he amassed by these 
techniques proved consistent with this 
model and permitted calculation of the 
density changes from radiation that 
agreed with measurements. 

Elias Snitzer (American Optical 
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plained the principles of optical lasers, 
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pointed out the fundamental advantage 
of a four-level system, such as the neo- 
dymium glass laser, and compared it 
with the three-level system, such as the 
ruby laser. His major point was that 
in the former case it is necessary only 
to have a small fraction of the ions in 
an excited state, while in the 3-level 
system at least half the ions must be 
in the excited state. Snitzer's research 
with neodymium glass lasers has led 
him to postulate that the neodymium 
site in silicate glass is typically a slight- 
ly distorted icosohedron. This argu- 
ment is favored because the interstice 
in an icosohedron formed with oxygen 
ions is very nearly the appropriate size 
for a neodymium ion. In addition, ico- 
sohedra are formed from triangular 
sides, and triangles of oxygen are avail- 
able from sides of the silica tetrehedra 
that are the primary structural unit of 
silicate glass. Icosohedral symmetry is 
not found in simple crystalline materi- 
als because of the inability of icoso- 
hedra to fill space. However, in the 
case of glass or liquids this limitation 
is overcome by the amorphous struc- 
ture of the material adjacent to ico- 
sohedra. Furthermore, the postulated 
diagram for the energy level of neo- 
dymium in silicate glasses shows split- 
ting of the ground state into two states, 
similar to that obtained with icosohe- 
dral symmetry. Other possible struc- 
tural arrangements would require a 
different degree of ground state split- 
ting. Snitzer has been able to use the 
principle of icosohedral coordination 
of the neodymium ion as a guide in 
the development of optimum glass 
compositions as hosts for the neodym- 
ium ion. 
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A new convenience for 
manifold freeze-drying 
procedures. 

Quickly connect or remove 
freeze-drying containers on 
manifold freeze-dryers with- 
out breaking system vacuum. 
And, without the use of rub- 
ber tubing clamps. New 
Quickseal Valves are spe- 
cially molded to accommo- 
date all VirTis freeze-drying 
containers including Quick- 
seal and standard freeze-dry- 
ing flasks, serum bottles and 
ampoules. Vacuum tight to 1 
micron, Quickseal valves are 
fabricated in pure gum rub- 
ber and Polypropylene. 
Closed and open positions are 
clearly indicated. 

Catalog No. 10-506-1 Quick- 
seal Valve for 1/2' O.D. 
ports ....... .......ea. $ 2.50 

per dozen $27.00 

Catalog No. 10-507-1 Quick- 
seal Valve for 3/4" O.D. 
ports ...............ea. $ 3.75 

per dozen $42.00 

Additional details will 
gladly be sent on re. 
quest. * AT. PENDING 
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