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speed. Thus, power is coupled from the fundamental to 
the harmonic as the two waves propagate in phase 
through the crystal. Meeting this condition is known as 
phase matching. The powder method is also used to test 
whether a material can be phase matched by measuring 
the total second-harmonic output (532 nm) while the 
crystallite size of the powdered sample is varied. Phase­
matchable materials will show an increase in the second­
harmonic output with crystallite size that saturates once 
the coherence length of the fundamental and harmonic 
frequencies is exceeded. Materials that cannot be phase 
matched show an increase in second-harmonic output 
as crystallite size is increased toward the coherence 
length, and then show a sharp decrease in second-har­
monic output as crystallite size is increased beyond the 
coherence length. The crystallite size at which the de­
crease occurs is typically a few micrometers. Some ma­
terials, even though they have acentric electron distribu­
tions and net dipole moments, often crystallize in a cen­
trosymmetric crystal system. Despite the centro symmetry 
in such instances, these molecules can be "poled" or 
aligned by an electric field in a polymer that has been 
heated above the glass transition temperature (Tg) to 
produce a noncentrosymmctric solid that, when cooled 
below Tg , will exhibit SHG. 23 

We have also investigated a class of compounds that 
has received little attention since the initial investigation 
in 1977 by Davydov et al. 24 The prototype compound 
of the series is 4-nitrobenzaldehyde hydrazone (NBAH), 
shown in Fig. 11c. The compound, synthesized by reac­
tion of 4-nitrobenzaldehyde with hydrazine, was first 
reported by Davydov et al. to have a powder efficiency 
2.5 times that of urea. Unexpectedly, we observed much 
higher powder efficiencies, up to 10 times that of urea. 
As a result, we synthesized derivatives of NBAH to de­
termine whether the SHG powder efficiency could be 
enhanced and whether there are similar molecules with 
high SHG powder efficiencies. The methyl and dimethyl 
derivatives of NBAH (shown in Fig. lId) were synthe­
sized in much the same way as the NBAH. Although 
these materials are chemically similar to NBAH, they 
exhibited lower SHG powder efficiencies that are 0.001 
to 0.05 times that of urea. Experiment thus shows that 
minor chemical changes can result in significant changes 
in the arrangement of molecules within the crystal, often 
resulting in decreased SHG powder efficiency. The com­
pound 4-nitrobenzaldehyde phenylhydrazone was synthe­
sized by the same method and has the structure shown 
in Fig. lIe, but this compound showed an SHG powder 
efficiency about 0.5 times that of urea. The efficiency 
would be much greater except that the compound is sig­
nificantly absorptive at 532 nm. 

We have also made hydrazone derivatives of large 
conjugated ring systems such as naphthalene and pyrene 
(Fig. lIt). These compounds do not exhibit much charge 
transfer, because their aromatic ring systems donate 
weakly, but both have greater SHG powder efficiencies 
than urea. Table 3 lists many of the hydrazone deriva­
tives of various aromatic aldehydes that have been syn­
thesized along with their respective SHG powder effi­
ciencies referenced to that of urea. 
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CONCLUSION 
Our research is continuing in an effort to synthesize, 

modify, and characterize new organic molecular materi­
als for nonlinear optical applications that include bistable 
optical switching, using an organometallic complex; op­
tical limiting and processing, using organic dyes that ex­
hibit reverse saturable absorption; and second-harmonic 
generation, using organic crystalline materials. The re­
sults of our research should provide new materials that 
will significantly advance the field of nonlinear molecular 
materials. 

REFERENCES 
IF. Nicoud and R. J. Tweig, "Organic SHG Powder Test Data," in Nonlinear 
Optical Properties of Organic Molecules and Crystals, Vol. 2, D. S. Chemla 
and J . Zyss, eds., Academic Press, Ltd., London, p. 221 (1987) . 

2 J. A. Neff, "Major Initiatives for Opitical Computing," Opt. Eng. 26, 2 (1987). 
3E. Marom, "Real-Time Image Subtraction Using a Liquid Crystal Light 

Valve," Opt. Eng. 25, 274 (1986). 
4A. Szabo, "Frequency Selective Optical Memory," U.S. Patent 3,896,420 

(1975). 
5R. S. Potember, R. C. Hoffman, and T. O. Poehler, "Molecular Electron­

ics, " Johns Hopkins APL Tech. Dig. 7, 129-141 (Apr-Jun 1986). 
6R. S. Potember, T. O. Poehler, and R. C. Benson, "Optical Switching in Semi­
conductor Organic Thin Films," Appl. Phys. Lett. 41 , 548 (1982). 

7R. C. Benson, R. C. Hoffman, R. S. Potember, E. Bourkoff, and T. O. Poeh­
ler, "Spectral Dependence of Reversible Optically Induced Transitions in Or­
ganometallic Compounds," Appl. Phys. Lett. 42, 855 (1983). 

8R. S. Potember, R. C. Hoffman, R. C. Benson, and T. O. Poehler, " Erasa­
ble Optical Switching in Semiconductor Organic Charge-Transfer Complex­
es ," J. Phys. 44, C3-1597 (1984) . 

9T. O. Poehler, R. S. Potember, R. Hoffman, and R. C. Benson, "Optical 
Phase Transitions in Organic Charge-Transfer Complexes, " Mol. Cryst. Liq. 
Cryst. 107, 91 (1984). 

lOR. S. Potember, T. O. Poehler, R. C. Hoffman, K. R. Speck, and R. C. Ben­
son, " Reversible Electric Field Induced Bistability in Carbon-Based Radical­
Ion Semiconducting Complexes: A Model System Molecular Information Pro­
cessing," in Molecular Electronics, F. L. Carter, ed., Marcel Dekker, Inc., 
New York, p. 91 (1986). 

11 K. R. Speck, T. O. Poehler, A. A. Burk, C. A. Viands, and R. S. Potember, 
"Bistable Optical Switching of Organometallic Doped Gel-Derived Silica Glass­
es, " Proc. 5th Int. Congress on Applications of Lasers and Electro-Optics," 
C. M. Penney and H. J. Caulfield, eds., Springer-Verlag, New York, p. 243 
(1987). 

12L. R. Melby, R. J . Harder, W. R. Hertler, W. Mahler, R. E. Benson, and 
W. E. Mochel, "Substituted Quinodimethans. II. Anion-Radical Derivatives 
and Complexes of 7, 7,8, 8-Tetracyanoquinodimethane," J. A m. Chem. Soc. 
84, 3374 (1%2). 

13K. Kamaras, G. Gruner, and G. A. Sawatzky, " Optical Absorption in Com­
plex TCNQ Salts," Solid State Commun. 27, 1171 (1978). 

14 J. B. Torrance, B. A. Scott, and E. B. Kaufman, " Optical Properties of 
Charge-Transfer Salts of Tetracyanoquinodimethane (TCNQ) , " Solid State 
Commun. 17, 1369 (1975). 

15c. R. Guiliano and L. D. Hess, "Nonlinear Absorption of Light: Optical Satu­
ration of Electronic Transitions in Organic Molecules with High Intensity La­
ser Radiation," IEEE J. Quantum Electron. QE-3, 358 (1%7). 

16M. L. Shand, J . C. Walling, and R. C. Morris, "Excited-state Absorption 
in the Pump Region of AIexandrite, " J. Appl. Phys. 52, 953 (1981). 

17M. K. Shah and K. H . Shah, "Indanthrones from I-Amino-Anthraquinones: 
Part I-Studies of Variables in the Preparation," Indian J. Technol. 13, 312 
(1975). 

18M. C. Clark, " Chemistry of Indanthrone. Part XII. Some Properties of the 
Dinaphthophenazinediquinones and Their NN ' -Dihydro.derivatives," J. Chem. 
Soc. (C), 2090 (1966) . 

19B. F. Levine, C. G. Bethea, C. D. Thurmond, R. T. Lynch, and J. L. Bern­
stein, "An Organic Crystal With an Exceptionally Large Optical Second Har­
monic Coefficient: 2-methyl-4-Nitro Aniline," J. Appl. Phys. SO, 2523 (1979). 

20S. Kurtz and T. T. Perry, "A Powder Technique for the Eval4ation of Non­
linear Optical Materials," J. Appl. Phys. 39, 3798 (1968). 

21 D. Bauerle, K. Betzler, H. Hesse, S. Kappan, and P. Loose, "Phase-Matched 
Second Harmonic Generation in Urea," Phys. Status Solidi (A) 42, K119, 
(1977). 

22G. C. Baldwin, An Introduction to Nonlinear Optics, Plenum Press, New 
York, p. 81 (1%9). 

23K. D. Singer, J. E. Sohn, and S. J. Lalama, "Second Harmonic Generation 
in Poled Polymer Films," Appl. Phys. Lett. 49, 248 (1986). 

Johns Hopkins APL Technical Digest, Volume 9, Number 3 (1988) 



24B. L. Davydov, S. G. Kotochshchikov, V. A. Nefedov, "New Nonlinear Or­
ganic Materials for Generation of Second Harmonics of Neodymium Laser 
Radiation," SOY. 1. Quantum Electron. (Eng. Trans.) 7, 129 (1977). 

THE AUTHORS 

RICHARD S. POTEMBER was 
born in Milton, Mass., in 1953. He 
was educated at Merrimack College, 
where he obtained a B.S. in 1975, 
and at The Johns Hopkins Univer­
sity, where he obtained an M.A. in 
chemistry in 1978, a Ph.D. in chem­
istry in 1979, and an M.S. in tech­
nical management in 1986. During 
1979- 80, he was a JHU/ APL Post­
doctoral Fellow. In 1981, he was em­
ployed in APL's Milton S. Eisen­
hower Research Center as a senior 
chemist in the Quantum Electronics 
Group. In 1986, he was appointed 
supervisor of the Advanced Materi­
als Program. Dr. Potember has been 

visiting professor in the Johns Hopkins Department of Chemistry (1984-85 
and 1986-87) and in the G.W.c. Whiting School of Engineering, Depart­
ment of Materials Science, since 1985. His research interests include or­
ganic chemistry, nonlinear optics, polymer chemistry, photochemistry, 
and the electrical and optical properties of organic solids. 

ROBERT C. HOFFMAN was born 
in Bethesda, Md., in 1959 and re­
ceived his B.S. degree in chemistry 
from Loyola College in Baltimore in 
1982. He is now a doctoral candidate 
in the Department of Materials Sci­
ence and Engineering, G.W.c. 
Whiting School of Engineering, The 
Johns Hopkins University, where he 
was awarded an M.S.E. degree in 
1987. He is also a JHU/ APL Grad­
uate Student Fellow and is conduct­
ing his dissertation research at the 
Milton S. Eisenhower Research Cen­
ter in the area of organic solids. His 
work at APL has included research 
on novel optical storage materials 

and nonlinear properties of organic solids. 

Johns Hopkins APL Technical Digest, Volume 9, Number 3 (1988) 

Potember et at. - Molecular Materials for Nonlinear Optics 

KAREN A. STETYICK was born 
in Darby, Pa., in 1956. She studied 
chemistry at Saint Joseph's Univer­
sity in Philadelphia, where she re­
ceived her B.S. degree. As a gradu­
ate student at Temple University, she 
pursued studies in synthetic organic 
chemistry, with a concentration in 
the area of natural products. In 1987, 
she received her Ph.D. in chemistry 
and joined APL as a Postdoctoral 
Fellow. As a member of the Ad­
vanced Materials Program, her re­
search entails the synthesis and 
modification of organic materials 
that exhibit interesting nonlinear op­
tical effects. 

ROBERT A. MURPHY was born 
in Elkridge, Md., in 1930. He re­
ceived electronics schooling in the 
Navy and an A.A. in engineering 
studies at Essex Community College. 
Before joining APL he was em­
ployed as an electronics manufactur­
ing specialist on the technical staff 
at the Electronics Systems and Prod­
ucts Division, Martin Baltimore. 

Since joining APL in 1965, he has 
worked in the laboratories of the 
Milton S. Eisenhower Research Cen­
ter, where he has been involved in 
investigations of plasma contain­
ment, gas laser dynamics, thin ftlms, 

. and nonlinear optical materials. He 
IS now an engineering staff associate in the Materials Science Group. 

KENNETH R. SPECK was born in 
Baltimore in 1961. He received his 
B.S. in engineering science from 
Loyola College in Maryland in 1983 
and his M.S.E. in materials science 
and engineering from The Johns 
Hopkins University in 1987. He is 
currently a doctoral candidate at 
Johns Hopkins Materials Science 
and Engineering Department, con­
ducting his graduate research at 
APL's Milton S. Eisenhower Re­
search Center. His work at APL in­
volves the sol-gel chemistry of 
vanadium dioxide and of gel-derived 
silica glass. 

199 


