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." :lrc negligil>le compared to the anion. Therefore, "l>lock­
,.f lascr pump light by the cations does not take place to 

. :"p,' rtan t ex ten t. 
~ absolutc quant um elliciency of the piperidiniulll salt 

'. 1/ in acetonitrile , irradiated with 3150.\. light) has been 
_ ti red by comparison with rhodamine B as a standanp· 1 

;IIU1111 to l>e O.iS±O.tS. The ratio of the quantum cnic icncy 
" ,!uilloliniulll to the piperidinium salt so lution is, howeve r, 
l l.(,j. At room temperaturc ahout9S% of the totaliluorescence 
h,'th solutions occurs near 61201 in the 5Do -> '[0'2 transition 
,Clcristic of Eu+3 • 

~ possible reason for the lower quantum efficiency of the 
.,linium salt solution involves quenching of the anion emis­
!.,. interaction with the quinoliniulll ion, If such a process is 
.,(ive, one would expect the quantulll etllciency to decrease 

.l:c concentration of the chelate salt in solution is increased. 
",W, while the quantum etTtciency of the piperidiniul1l salt 

,'Illet! constant on increasing the concentra tion from SX 10-3 to 
Ill- I .1[, that of the quinolinium salt increased abou t J8%. This 
.i t indicates that such a quenching process is not taking place. 
I.n alternate explanation for the lower quantum efficiency of the 
"<llinium salt, which i5 consistent " 'ith the observed results, 
be given in terms of the dissociation of the chelate anion, 

.d ion 1. 
Eu (BTF).-~ E u (BTFla+BTF- (1) 

, .' quantu m efficiency of the electrically neutml tri s chelate 
IlTFh in acetonitrile is only about ,"0 that of PEu (13TF ).1 

,l ions. Any dissociation according to (1), therefore, re~u l ts 
" we r over-all quantum eluciencies. 
""C\! the 'Do-> 7P2 emission band for Eu(BTf)a occurs at 
.rk the same wavelength as for PEu (BTF)., the prescnce in 
Ilion of Eu(BTF), is more easily detected by means of much 
kn ·Do -> 'Fo emissions . Figure 1 shows this portion of the 
'rrsccnce spectrum for solutions made up from PEu (131'1')., 
IlfFh, and QEu (BTF)., whe re Q is the quinolinium ion. 
III the nearly symmetrical shape of the main pe,1k of curve (a) 
i the rclath'e intensities of cu rves (a) and (b), the amount of 

. BTFh in the solution prepared from PEu (BTf) . is found to 
less than 10% of the total europium present. Curvc (c), 

' n'cr, shows an asymmetry which we attribute to the presence 
'1'I'rcciabie Eu (BTF)a. 
Ii j represents the fractiona l dissociation of tctrakis molecules 
:hc quinolinium sulution and r the ratio of the intensity of the 
-+ 'Fo emission from tris molecules in the quinolinium solu-

1 (e) to that from the pure tris solution (b) , we have' 

r=3/4f· (2) 

.HruCting curve (c) from the sum of two appropriate curves of 
!C (a) and {b}, we find f to be equal to OAO. 

the greater amount of Eu (DTF). obser\'ed in solutions pre­
,'1' " fro m QEu {BTF). su~~ests that the quinolinium ion facili­

J ' " the dissociation of Eu (llTF).-. We postulate, as one possible 
, ' han ism, that thi s is the result of ion pairing according to 

tion (3). To the extent that 

(3) 

'!CclIrs, BTF- is remo \'cd from solution and equi librium ( I) 
"li ited to the right. 
Jot ~lJ mmary, the results presented here ~how that the cation in 

, .llt BEu ( I3TF). can he important in d..:tcrmining the laser 
I;,ilities of solutilln~ containing lhe salt without inte ract ing 
I'l l)' with the las ing species Eu (llTF).- to change it s spect ra l 
; ... ·n ies . 

'W" rk partially ,u r>r~Htect by P rojl'Ct DEFE:-':OER under join t 
,.hip of ARPA. O:-':R. and 000 under Con tract Xumbl'r :-';unr­

, IMJ • • 

'1, ~~mel""n. A. Lelllpicki. C. Brecher, and V. Bro!>h}'. r\ppl. PhI'S. 
, "" S. t 7J ( 19M). 
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. Weber an,( F. W, J. Teal,. Trail •. Farad.1\' Soc. 53, 1146 ( 1957). 
'\, 11 . 1\[dhui,h. J. Ph},. Chelll. 05. 22" (1"6 t ). 
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Shock-Wave Compression of Germanium 
from 20 to 140 k bar* 

R. A. GRAn,,,,, O. E. JO>lES, AND J. R. HOI.LAND 

Sandia Laboratory. , 1IbltC/lterqltc, J,.Vew . .l/c:xu;o 
(Received 12 J uly 1965) 

T HE object of this note is to report stress- volume results be­
twcen 20 and 140 k bar for german ium, shock loaded in a 

state of one-dimensional str:,in along the [ 11 \ ] crysta llographic 
direction. Resistance-time measurements, made whi le the shock 
wave tralo'e rses the sampit-, circumvent dilliculties inherent in 
the usual free surface ve locit\· me l hods . 

Shock loading \\'as accoml;lished by impact ing large diameter­
to-thickness ratio disks of ge rmanium upon each other in order 
to ensure a state of one-dimensional strain in all but the periphery 
of the disks for the duration of the experiment. One disk , mounted 
on the face of a projecti le, was accelerated to a measu red high 
velocity by means of a compres5cd gas gun l and was impacted in 
vaCUUlll upon the specimen disk mounted on the end of the gu n. 
Angular misalignment bet\\'een the impacting surfaces was about 
SX 10-· md.' Germanium back-up disks were mated to the rear 
of the specimen. The thicknesses of the impact and back-up 
disks were chosen so that the stress waves propagated through and 
out of the specimen disk without reflec tion until, finally, the 
specimen was stressed uniformly to the impact value for a brief 
interval preceding the arrival of un loading waves . 

The disks, 3g mm in diameter, wcre cut from single crystals 
of high !Jurity It-type germanium of nominal 50-II·cm resistivity 
and were oriented with their [aces paraUel to a (111) crystal 
p lane. Their dislocation den ;;it y was approximately 6X103/ cm2• 

D epending on the particular experimcnt, the thicknesses of the 
specimen d isks were 3.2 , 4.0, and g.o mm. 

The resistance-time history resulting from stress waves pro­
pagating through the specimen was obtained by recording the 
voltage- time his tory ac ross the thickness of the specimen disk 
under constant current conditions. The constant current of one 
ampere was applied to the speci men disk about SOO nsec before 
impact to prevent resistive heating of the d isk. Both faces of the 
tlisk ,,'e re entirely e lectrokss nickel plated to provide Ohmic 
electrodes. The impact surface e lectrode of the specimen was also 
coater! with vapor deposited silver and maintained at ground 
potential. The hack-up disk assembly, entirely vapor coated with 
silver, sen'ed as the circuit learl to the other electrode. 

For impac t stresses in the range of several hundred kilobars, 
multiple waves arc obse rved which indicate the presence of slope 
discontinuities, or cusps , in the stress-volume re lation.3 Du ring 
the time these waves are propaga ting across the specimen thick­
ness , the specimen is essentia lly divided into a number of zones 
sepaTated by the different wave fronts . T hus, the electrical re­
sistance hctween the e lectrodcs of the specimen is equal to the 
sum or the resistances of the zones. :\ ssuming time independent 
wave velocities, stress amplitudes , and resis tivities, the initial 

Flc. 1. S l rC'ss-volullle 
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and final values of the resistance arc connectcd I,y a cont inuous 
line made up of ~(,~Illcnts of diHerent slope, each se~lll('nt cor­
respondinJ.; to the prup:l~atiull oi a wavefront throu~h the speci­
lIlen. Tbc initial :uul linal \'al ne:; of the rc~istance cxpliciLly 
define the change ill resistivity due to the impact stress; · the 
discontinuities in slope ~how the existence of multiple waves and 
define t ran;;it times for each wa\'e from which the wave "elocities 
can be calculated. The complications resulting from \\·a,·c retlec­
tions and su!J,;cquent interactions, which are inherenL in free 
surface velocilY tecillliques, arc a,·oided. 

In order to dCLerrnine the stress-"olume relation, the particle 
velocity associated \I-ilh each wave must be known in addiLion to 
the wave \·elocit),. Because of symmetry, the total particle 
velocity imparted to the specimen disk is one-halI thc cxperi­
mentally measurcd impact velocity. In gcneral thc division oi the 
total particle "clocity be tween multiple waves is un known from a 
single eX!JCrimcnt; howevcr, if in a ~eries of experiments thc tOLal 
particle vclocity is sys tematically varied in the immediate 
neighborhood of a suspected cusp in the stress-volume rclation 
until a change in the numbcr of waves is observcd, the particle 
velocity associated wiLh each of the multiple w:wes can be 
established. Thc stresscs and volumes associated with any 
multiple wa,'e st ruc ture can thcn uc calculated [rom conservation 
of mass and momentum relationships.'·' 
. The stress- \'olumc values determined in this manner are shown 

in Fig. 1 and corup:1fed to values obtained by WackcrieG irom a 
frec surfacc \-clocity technique. 1'\\'0 cusps were ohserved and 
investigated, the first at 4!±4 kLar corresponds to the transition 
between elastic and plastic beh:lSior, and YlP second at 1-W±10 
kuar is Rrobabh- rclated to the hase transition bet.wecn thc dia­
mond-and 114iJl cr 'stal struct which was first observcd by 
Min09l!lI\!, al.!d.Drickamer7 at a. hydrost ti Brcssw:e o( 1'20 kbar. 
T'6'e large uncertainties quoted result from limitcd data in the 
neighborhoods of the cusps rather than from lack of precision in 
the measurements. 

Thc authors arc indebted to ]. \rackerlc for allowing thcm to 
usc his stress-volume data prior to puulication. 

* Work ;u pporled by tbe U. S. Atom ic Energy Commi;sion. 
• S. Thunborg, G. E. Ingram, and K. A. Graham, Kev. Sci. I 11str. 35, 

II ( 1964). 
: The tt!ChniQuc;:) involved in a glln experiment are di:;cll~$ed by \\'. J. 

Halpin. O. E. J on,·s , a nd R. A. Graham in .\ ST '\1 Specia l Techn kal Pub· 
lication ~o_ 336. SYlllposium on D ynamic Behavior oi M alerials (AST.\! 
19(3) ; and ill Rei. 1. 

'K. G. l\h:(Ju<-.:n, S. P. Marsh, and J erry Wackerle, Bull. Am. Phys. 
Soc. 7, 44i ( 1%1). 

'G. E. Duv.ul in Respoll" 0/ .IId/aiu/s /0 High ~'clu,ily D,/ormalioll 
(lnterocience Publishers , Inc., N ew Y ork , 19<> 1), p. 165. 

~ This as::,:ume:s lh .. '1 t the particle "-t."taci t}" assc.x.:iated with each cusp is 
inciepcJU.It:nt ot iJDpact stress amplitude. 

'Jerry \ \ "3.("kt":tc. Los .. \Jamos :x-it!l1tinc Laboratory. Los Alamos. 
New .Mexico (pli\"ate comm unicatio n, . 

7 S . .\lillomura anu II. G. Drickamer, J. Phy • . Chem. Solids 23, 451 
(1962). 

Erratum: New Oxy-Hydrogen Burner for 
Flame Fusion 

[36, 178·1 (1965)] 
JOSEPII A .. \1).\>15 1<' 

A mtrjcan ScinlCt aud Ellgillec!riug. J IIC .• Cambridge. Al a.ssac/wscUs 

T HE burner dcveloped at thc Laboratory for fnsulat ion 
Rcsearch ( l~ ef. 6 in the paper) was incorrectly identilied 

as a tricone hurncr. I t is however, a lhrcc-tube coaxi :tl . t~l)e 
postmix oxy-hydrogcn hurner. It might also be noted that 
L. l\lerker has a process patent describing a three-tube uumer 
(L. l\Icrker, U. S. Patent 2, 76-1,4<)0·25, September 195() . 

AnllOllncelnents 
=================================================---~--. 

Second International Biophysics Congress 
Vienna (Austria) 5- 9 September 1966 

T l[IS Congress is being organizcd uy the Intem.lit 
Ori;an.ization for Pure ancl Applied Biophysics (10/' .1' 

Gencral sessions of il1\'ited papers will be devotcd to ,'" 
trans fer and cOlH"ersion, to molccular aspects of diITcrcllli ." 
aUll to emerging dcvelopmcnts in biophy~ ics. Thcre will al .. , 
symposia arranged by the Commissions on: ;\Iolccub.r Bi oi''''' 
Cell and ;\fembrane Biophysics, COlllmunication and \ "'! 
Processes, Radiation and Control P rocesses, l{adiation BiOI oil\ 
by the CommiLlce on Education , and by aluliated cOllll1l i, " 
of IOP.-\B . Contributcd papers on a ll subjects of biophysil" " 
he acceptcd. Abstracts of such papers are due by 15 :-lay 1 'I 
Inquirics should bc directed as fo llows: 

Scicntific Progr am : 
Secretariat: \Vien, IX. Alserstrasse 4-, Phone : 52.61-87, \\" ic: ., 

~Icdizinische Akademie, ~Irs . E. \\'eidcnhaus. 
[[VI/sing, Tm;;el Arrangelll ents, and Eutertain lllent Pro!',l"Il lII: 

R eisedienst der \Viener Medizinischcn Akademie, \\,iell, 1\ 
Alserstrasse 4, Phone : 63-45-13. 

COllllllfTCiol Exhibit·ion: 
F. Scheruetz, \Vein, IX. K inderspitalgassc 4, Phone: 42·33 17 

Fourth International Conference on Quantum 
Electronics 

The Fourth International Confcrence on Quantum Elcctn,nh 
\yill bc held in Phoenix, ,\ri7.ona, on 12- 14 April 1966. The l' ·1 

ference program will include contributcdTpapers in all arl':I - ". 
quan tum electronics, including tlie basic theory and basic pin .: 
of masers and lasers; advances in quantum electronic devicc.; " 
technology; applicat ions of quantum elec tronics, especially I:I,.- r­
and related topics in physics. electronics. and optics . . \uthoril.l t,,, 
papcrs are particularly sought in emerging laser applications :II •. ,. 
to shed light upon thc present status and future PTO" PI!Ct:; l.r 
significant laser applications in a wide spcct rum of scicntilir :li ,! 
technological ficlds, includi ng physics, chcmistry, biology, I1 I. J , 
cine, metrology, communications, and others. 

Information concerning confercnce registration and aC((l 111111 " 

da tions can be obtained irolll the Conference Chairman, VI. J \' 
Gordon, Bell Telephone Laboratories, Murray Hill, Xe\\" j<·r,,·' 
Abstracts of talks intend~d for presentation at the confercl1lr . I 
five copies and not ovcr ·WOO characters in length, must he , ', 
milled not later than January 3, 19<>6, to the Program Coml\lil ~\" 
Chairman, Proiessor :\. E. Siei; l1lan, ~licro\\"ave Labora l "" 

Stanford t:ni"crsity, Slaniord , California <)·1305. Selected P·II"· 
from thc conierence wi ll be published in full after the COlIll' I" " 
in one or morc conference issues oi the ] "lImat of (1 11.1 Ii , 
EJ~clr Ollics . Fina.l manuscripts ior these conference lHoctxd , , . 
must be submitted at the conference. 

I 'U"" 

J 
this illl 
n au th 

r. rl1"l'd 

'.' r U\C 
pa pe r 

. lin en l! 

.ILIons 

'. i1 ELES 
tthh- Tc 

, Alloys 
j6 (19 E 

I [, RAHII 

" 

Heat Flo 
David J 

! d3RAH A 
i Effects 
I M. S . . 

Fo rmati. 
Crystal 
A. Dn " 

f. tching 
(E)-:-I 

· I,[)AMSK 

Sew Oxy 
Adam s l 

Sew OX! 
Adam s 

\DELMA 
Laser-I 
C.M. 

I.GARWA 
Diffusiol 

Anand , 
(1965) 

.GUSTA. 
Opto-Elo 

• B. A gus 

1 <J! MEDlJ 
~ilatatior 

I of Nl-M 
Ahmedil 

'lKEN, J 
I Single-I r 
• under : 
, Jordan. 
IIKHURS1 
I Induced 
I ing C Ol 

~lcCuh 

3952(C: 
KITT. r: 
!larmonil 

alon ( f.) 

IKLONIS 
St ress Rl 

Monodi: 
A, V. 1 . 



• 
• 


	Graham, R.A.-8911_OCR
	Graham, R.A.-8912_OCR

