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ABSTRACT 

The purpose of this investigation was  to design and 

construct a furnace for growing large single crystals of 

organic compounds by slow crystallization from the melt 

by the Bridgman technique. The crystals obtained by this 

furnace will be used in a later investigation of the 

intrinsic electrical and optical properties of organic 

semiconductors. 

The methods describe have been used width succss 

to produce large single crystals of anthracene and ethyl-p- 

aminobenzoate with diameters of 1/2 inch. 

The most promising methods of purification of anthracene, 

which were chemical synthesis, washing, recrystallization. 

from solvents, sublimation, dimerization, co-distallatian 

and zone  refining have been investigated. The relative merit 

of each method were  explored and discussed with particular 

attention to co-distillation which is considered to be the 

most applicable. Anthracene of higher purity than commercial 

zone refined anthracemne was prepared and is believed to be 

adequate for crystal growth and subsequent electrical 

measurements. 

A very simple fluorescence technique for qualtitative 



analysis of traces of naphthacene in anthracene was 

developed which employs a colloidal suspension of the 

sample. Sensitivity approaching 0.1 ppm naphthacene in 

anthracene is readily obtainable. The method is convenient 

to use, involvirving samples and uncomplicated 

manipulative techniques. For rapid semiquantitative 

analysis, it provides a visible fluoreucence color 

correlation with level of impurity. 
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INTRODUCTION  

Organic Semiconductors  

Organic seniconductors can b defined as structurds 

containing an al.prociable number of carbon-carbon bonds 

and which have, in zeneral, an electrical conductivity 

which is intern cdiate bets een. that of u:otals and insulators 

(typically 10
-20  to 102 ohm 'l cm-1). The conductivity 

increases, usually exponentially, .with tomperaturc. Four 

typez of organic systems have exhibited semiconductor 

properties ( 4 ): 

(a) Simple molecules Juch as anthracenc 

(b) Free radical L: or area raaical ions 

(c) Char,:e-transfer coplaxas (iodine-parylene) 

(d) Polymer) (irradiaton or wrolysis) 

Conductivit7.  Tha electrical conductivity, 6, of a 

pur,-; organic semiconductor varies with ts;-perature T in thy..' 

followinr manner: 

6' =
c 
al* -:42.T (1) 

where = constant o2 ::.aterial (conductivity at T 
C 

approac:-.inis infinity) 

ET = apparelt ea -.T gap or activatic: eu ,y :or 

coAdactance) 

1: = ;Lolto:aaAts co.aJtaat 

T = absolute t:a _pJraturL1 



1ea.,urements of canauctivity at Naricus tn1;aratures 

ar4 used with equation (1) to determine) tha eneroy hs. 

Th2 ..1.sr;77, sap is th'u diffarsnco ia en2rgy betwe,su the 

hichast lavel in thu valance band and the lowest luvol in 

the conduction band and i considered the activatio,1 unercy 

for conductanc. Gsnarally F is of th order of one 

21.:ctron-volt (2v), althoush axperimental values ranEa 

nrom 0.1 av for cyanthronu to 1.35 ay for naillthalens (16). 

Ons of the obj6ctiv;a of thd: study is to obtain a 'Jattsr 

unaarytanin,:: 0: the nuchani§ii. ,e1.:ctro-,Ic conduction and 

to find the charact..-aftii-Aic functions in molecular structures 

that contribute to the ulectrical conductanc. 

Purit7.  The fir:t probl=*in invtization 

conduction is orraic:,e:liconluctoro thi.; preparation c: 

the eanplat:. A critarion :or purity anthracena:, Zor 

uxampl-, is that the laterial should 1,03C3:;'; the fluor.scenc;: 

pror to its_11 and not, which cal arisa from tracs, of other 

aromatic corrpounds. Garrott (16) di:lcusses four rnuthodu of 

purification: crystallization :rem a solvent, sublimation, 

chronatonTaphy and zorte refinin;. Little is known c th) 

relative merits of sach technique and Qarrett (16) writ, 

"Clearly it 1 il.oirr; to bu nec,bsary, soonar or later, to 

undertake a criticyl compari-3on of thess purification mathods 

with a dezrca of vigor that Ilao not y-t b-un attempted." 



Pura Latarial ia rcJclufrod to pemit intrinsic Laasurx_ants 

frac) of tho alloctn, of contwaination. Trace impurities 

prasont oven balow the partz per millici hair: a 

si54nificont `:f 2, on tho an/ optical proix:rties. 

Polycretallino and :;inizle Crysta: Abasumments 

Oil comprass,ld powders (1';) and evaporated films (27) shoul; 

be vicwed with suspicion. The main masons for ioubt are 

interfacial affects, tha role of surface conduction an.4 

anisotropy. Anisotropy in el,;ctrical properties involvos 

changes in proporty with diffcront crystallocraphic diractious. 

From th:, point of ViQW of tha history of re,:earch with the 

bettor known orF;anic s:vicoa:luctors, the usefulnoso of 

polyerstallim; zamploa is concidorably less than that of 

sinsla crystals. The growia3 of single crystal:,  of organic 

materials ia ;.ade eaaior by tile: uza of !:i7hly matariall. 

ac spurious ol insclubla_i is than absant. 

Purpoce of Inve3tigation  

The author intL;nds to study the iltriqcic oloctrical 

and optical propartioa o: cranic miconductorc. This 

invastisation, The Purificaticl. AnalAr,siz, asId t:rowth of  

;.1nr:le Crystals of   includtis 

three atapz of the co;.plato pro;,oct. In ors:or to detori in.. 

tha part played by izpuritia.3 in the oranic seviiconducton; 



a quantitativa analytical nothod must first bedeteminad, 

sensitive to levels below vas part par million. Secondly, 

a critical comparison of tire iany purification tachrtiques must 

be conducted. Finally tha highly purified samples must be 

r.rown into sing 1: crystals. 

Conductivity Studios of Arithracene  

Anthracena is found in vary small amounts in coal tar. 

It has a malting point or 217°C, a boiling point o: 354°C (15) 

and exhibits a bluo-violet 21uorescence in both the crystallila 

and diszolved status. The crystal structure is a LonocliAic 

one and belonzs to the Ch space group (34). 4b.lt c$ the 

materials studied in detail as organic semiconductor: 3 are 

monoclinic and belonz tc th., space group Ch . Anthracene 

:x4ibits sore conduction (coleidered to be electronic) an.; 

it has been the most extensively studied organic s.:IAconductor, 

probably because of it:, availability '.;.d simplicity of structures 

Considerable published information on anthracene axists for 

corroboration. Fcr these reasons this invc.stigation is 

concerned primarily with anthracene. When the echniqus 

have been refined with anthrac_ne oth,:r organic materials 

can be Audiod. 

JAti and Pick (24), Iolkuchi (19) and Kiehl (33) 

carried out conductivity -_:.surenonts ol sintLle crystals of 

anthracne. No tact of purity was appli;d, but th-a7 strosi 



that it is dosircbL that investi5atiols bo done on the 

purest available cmpoundzi. 

Anthracone oxhibits anisotropy La eloctrical 

eharactriztics and both masurement's cf tho tomperaturo-

depandeloe of th.. conductivity and energy r.ap are reported 

to vary with different crystal directions (16). Nbasuromeats 

p:7, polycrystalline3 matals such as empress:id powder sar.p1s 

and evaporated fi1:m aro. not considered very roliable for 

this mason, as wall a3 intorfacial effects and the role 0:: 

3urfacc conduction. 



ANALYSIS OF ANTHRACENE-NAPHTACENE MITURES  
BY FLUORESCENCE MEASUREMENTS  

Thy, assay of trace inpuritie in anthracone prepared 

for growth o: large sin ;;1:: cryLtal- o.".'srn con3iderab1e 

dii7ficulty. The analysis of anthracene purified by zons 

refininr or other techniques requires analytical nethods 

sensitive to than 1 ppn of is purity content. 

ThQ fluorencance of anthracene and of the anthrncene-

naphthacnn.J nynte7n ha; been Audied widely. Az little a:, 

one part per (ppm) of naphthacene is reportud (32) 

to influenc._ :gots:3. fluorescence. The fluorescence of 

anthracene has ben studied using single crystals (12,23,36), 

microcrystallin,. suopensions (3), potassium bromide pellets 

(43), and in dilute solution (12,32,..57). Naphthacene 

fluoreacence in the presence of anthracene has boon 

invosLigated in solid solution (13,27,32), in dilute solution 

(12,13,32) and with anthracene-coated screens (7). 

Pure crystalline naphthaccne exhibits very weak 

fluorescence (32). However, ii dilute solid solution in 

anthracone, the iormal blue-violet fluorescence of anthracene 

is alnost completely quench ;d by the zreen naphthaceno 

fluorescence. then :Lixed cry_;talo are heated to the nelting 

point, the f;reen fluere,:cen:: vanishes, at the inetait thu 

Lixture is liqui:fad. The same phenomenon occurs when crystals 



aro disolvd in benzun. aphtliac,.:.n.. fluoriceneo does not 

result fro: ti w; dirct excitation c the lov concentratio.1 

o: naplithacan pros int, or does it ariJo frur ab3orption 

of cnorj7 ::m:_ the erxL;sion o:: the anthracen (27,32). 

In solid oolutiori it il. poLtuiatc:d tllat the anthracne ho:A 

absorbs th.: ,:xcitin :lurgy and transfrli it to thc: 

naphthaecne Lolut by k2.eanLi of senoitiz:4 fluorescmc,3 

(32,42), or by zxcitatien micratiot (11012,13,27). than 

nahthac.:;ne-anthracen nol,)culas aro ,;.e.iaratod beyond 

crystal lattice diLtances eithr by fusion or by a liquid 

olvent,  the aner7y transfer cannot occur ali r,:adily as in 

;;olid solutioa. 

Th pr.-z)3.,:nt Llvestif.7atioa prosants a very 7,imple 

Vluoresconc t:.lchnique for cuantitativ,3 analysi:2 of traces 

of naphthacenD in anthracane, ar4lloyin a collidal zuspension. 

Sen3itivity approchin C.1 i;arty pi.ar illion (olc•basiz) 

naphthacen2 in 'a  *+ iz readily obtainable. Th.; 

L:thod i.-2 conveni-ant to use : aaLia. proi4aration is siniaJ, 

tali zaupl siz:: is =all and i3aniv.alativ:; ILchniquoo are 

uncomplicatud. For rakdd sniquantitative analysis, it 

provides a vi6ibla. fluoroscone-coler correlation vt1th 

thsJ lavel of ilapurity. 



.1.,XPRIEJT2A1.  

,iarata  

A Farrand Oltical Cc. Sli- otrofluorotr L;quipp,A 

with a 15-:att Xf,rioq arc lz:x1130  an R.C.A. 1P2 di0.73c- 

multiplir tub, two ,ratilli, monochre=tor13 and a om;,  cantivir 

fu2d-quarts sarTla cuw:ttc: vas 0mp1oTA for all fluoromQtric 

masuronent;. Th,:; phototube was connctd by an R.C.A. 

...icroammoter to a Varian strip recorder, type G-10. 

RAt  

Pam anthracen va3 prepared by ciynthasio froia 

anthraquinonc usin the aathod describd by Fie,-)r (10) 

followd by zcm r3finin:c ('7). 

Naphtliac,.3m;! citing point 340-342°C) Was purchasad 

fro :lathason, Col,an and 3E;11 Co. (CataioL NO. 9082) 

and ued without Zurthr kuriricaton. 

floaont z:rado i,:iopropyl alcohol waLi obtaia3d i'rom 

Dakr Cho;Acal Co. (Catalo7 No. 9084). 

Procdnr  

/11-4;:arationo lAandard ;413. An. acc;Iratoly 

vaiched sar4do 4): anthrac,an,L:, 125 E.,, w;;; dizoollr,td in 

250.0 n1 of iGopro1 alcohol, producinr, a otocs. solutioa 

containi:v 0.5 m:7 of anthracz.,ne p.,.tr nl. Naphthacena (35 ri;) 

wa3 sini1ar17 dissoliNd in 250.0 L'.l o 1.0iLamc-z.1 alcohol 



producing a otock 3olation centaininE7 0.140 nli; :t c:,r vil. 

Succossiva dilutions of 2-ml aliquot3 oi' tha naphthacane 

tcck 3olutic71 with L.:opropyi alcohol f:':ar stock sol,Ition 
i -12 ccutaininF 1.218 (10-'), 2.44 (10-1°), (;.7: (10 -) ald 

3.91 (10 c: -13) mola nal;:lthaceac i),:r 1.. Th 3taAdard 

olutions v17-3m ridxd in proportion r,quimd to prepar .-.; . 

naphthacwie-althracax3 ::...ixtur, with "inc:.i coqtnt 

✓ lgin2.77 .iraL C.& to 4.)30 ppm in aithrac,:na. 

Colloidally Luspidea Sa:a.16.  A colloidal zuopaAioa 

of aach sai:4)1,- ww3 forr::Jd by rakidly addinL, i25 ;a ol 

diiliDd watr to 4 T.1 o2 thQ :;tandard alcohol ,aaLipl 

Colloidal suspensioas iimpard in this man:nor axhibit 

:dtrong naphthacell fluomaconc, indicating that th,o 

Aai:hthacna co-prcipitatao with thy a7.1thracona. Fluorcac 

• z -ar.imts wer%:. r:.de ,:ith th.,:. .3xcitilc E:onochromator 

aljust,)d to 1,roduc2 1,..., ;11.zoroc..;nc; lIthi-aca.. is 

xcited naxinally pt 365 mu. The.Tyn'Iall an.d Ilaylh 467.  

(.., •iasion (2), which produo liht o' th'.:: sau it;nth 

a: tha incident sourcJ, Jo .zlot proso;It a problxfi with thf:3 

aqthraccne-naphthaco z574. t.J. TI-4 ,c,xcitin wavJlenc:th 

:35 1,.u, liaz; Ylow t.11,. :lucrLet :::::i;31:ioK o.; th.; 

which is zri: 400 to 510 mu. Collidally ,padod siliat-; 

1%rirl stabL; (no JI-,tlinz oqt) for lio:.is -,4 to 1-2 hour. 



Clar oluticit 'Zpi ,. CLaar LoluticAI in i3c1.xopa.aol 

vp,:a" nada by addin 125 ml of Lxproianol to 4 m1 of the 

z!tandard alcohol :ampl!.3., Th..) .rauorcscanc of t!loo.J 3olutions 

was neaziurud az d-ccri:x:d abov3. 



RESULTS AND DISCUSSION  

At the ,:xcitinz 7.:avols-v;th of 365 Lu, colloidal 

susiAmsions napbthacene-aathracene x):-1^oit six rluorezc;:lac.... 

etassion ka.aks. Thre:i fluorescence erAssion peaks can be 

resolved for anthracenu, at 405 (naximum), 430 and 450 nu. 

Thrau fluorcsoence emi.>sion p-2aks can also bo resolved for 

naphthacene ^t 510, 540 and 575 mu, the maximum being at 

510 mu. These results are Amilar to thoaJ described for 

dilute ;:olutiolt up:2ctrLi .)2, 37). Typical fluorescenc; 

azisci(dn spectra c: naphthacene-anthracene colloidal 

suspension:: are presentd ia Plzut% 1. iluoreacence spoctra 

o! cl.;:ar alcohol colution6 Jhown in Vif:ure 2. 

3u,ivant1tative Lvaluato:1 f licJulto  

As na,Inthac:ilne contunt incr,„a:;_e from 0.6 to about 300 pia, 

the intnsity of anthraceue .1 or at 405 mu docr,;a0,:u, 

and that of naphthacenu at 510 nu iucreases. This is ',lost 

readily follow:3 by masurei.,.:nt of th.,,  enission poak heitht. 

Table 1 sur marize.e. the result:.: of th; experimental data 

obtained. 

Above 300 pkm naFhthac-ane, the intensity of the naphthacene 

peak decreases. ;.his i brow lit about by self-quenchinz c' 

the fluorescence erission cau3ed by marked interaction 

betveen naphthacene molecule at hi ;her concentrations. 



FIGURE 1, TYPICAL FLUORESCENCE RESPONSE SPECTRA OF ANTHRACENE 
NAPHTHACENE COLLOIDAL SUSPENSIONS  



FIGURE 2, TYPICAL FLUORESCENCE RESPONSE SPECTRA OF ANTHRACENE 
NAPHTHACENE ISOPROPANOL SOLUTIONS 



TABLE 1  

FLU ORL::',t TIM; OF  COLLOIDAL :7. 1:101:%jSION.:;___Qt 11APHITACLM ATIIIRACEIC  

NAITTRACENE  

1 i-! A: TVRA CE, t 
TW:=72rIS) 

CO 
 

CLTYRAYi OTI  
FLUORLSCLNCL  

COLOR  
FLU REScENCr  
/1 .,;11sirt  
DAPIIMACLL  
I 510 mu 

A:ITIMACLM  
1 405 mu 

Labn-317( 
..r- 

R I 510/I 405) 

Corrected Uncorrected 

.6 0 blne-violz.t .137 7.20 .026 

.775 .175 blue-vio1,2t .2d 7.1 .0394 
*834 .234 bluo.violut .42 9.1 .046 
1.07 .467 bluu.viol,it .40 7.7 .052 
1.30 .701 blue.vio1Qt .58 9.46 .0613 
1.65 1.05 blue-violat .63 30 .0740 
2.0 1.40 blue-violot .610 7.6 .0804 
2.7 2.10 bluo-violot • .58 5.2 .112 
3.5 240 bluo.violct 1.0 7.6 .132 
5.0 4.3. b1u,3-vio1,:t 1.29 6.55 .197 
6.0 f..23 blue.vielet 2.10 3.04 .262 

V.1 f... 
Az  ..r).L, bluo 2.; 1.44 •345 

10.9 10.3 blue 2.75 5.1 .405 
13.1 12.5 Um; 2.99 6.2 .462 

16.5 15.9 oluu.grc,:n 3.24 5.& .571 
22.4 21.3 bluQ-green 4.63 G.18 .749 
31.1 30.5 biuc.Lx vn , 5.0 4.73 1.06 
39.3 39.2 blw.gr.--; 5.27 4.09 1.30 



TALI;, 1 ( CON all UflD  ) 

MA P I T. TEA ENT;  
C011b1.11,-  ' t10:!  
TirrITMIA C..'. It  
( P1413.113L 11.1Af:IS ) 

FLU ORE es CE.'.!CL;'  
°mon  

FLU PIE S CE 1`,10::; 

!I 'T CIA '1,Tf' 
4. 1 ,  :au 

. 

A T TNT.A Ci:;71.i .,... 
1 4.05 -Lau 

Il' ; `I`i...;  '..;-.:  I 17.  
hiirriQ  
R=-1 I. 510/1 24.05 ) 

Carr, p tQ ;I -.J.I1Corrected  . 

53.1 )
rn r "...) .ST•c:i.ln n !'n ....0.:, i,..0 .., s.  , 

74.7 74.1 A.:Tv.).- rt ..„.. - 5.6 2.5f.. 2.25 
7.9 87.3 r.,,:ron 4.52 1.t7 2 • 52 

146 • 145. gmc:n 9.7c 1.4.:.1 4.94 
175 174 eL;roan 10.5 1.62 6.43 
199 193 croon 10.7 1.32 5.:,.;8 • 
199 repeat gruen 10.4 1.47 7.02 
219 213 green 12.2 1.79  0.,... 
291 290 gr,..::•.:n 11.3 1.24 9.11 
437 
727 

436 
726 

,7,reell 
m`t.kz: n 

0 r -,' 0 v • ) 
9.9 

1.2.; 
•k.), 
,, 6.95 

15.2 
871 870 zroon. 11.1 .70 15.88 

1090 1090 green 10.18 .50 20.3 
1452 1452 green 9.4 .496 1u.8 
211,0 2180 green 9.42 .374 25.2 
240 2420 gre ,en 4....., •..),  .37 22.4 
2780 27;10 croon 6.2 .37 22.1 
2780 repeat trreon 8.7 .366 23.8 
3050 3050 green 7.42 .33 22.5 
3200 3200 green 8.33 .345 24.1 
3780 3780 green 7.05 .342 20.6 
4360 4360 f ;;rti 0n 6.88 .29 23.0 
pure naphthaceno. none 0 0 0 



The visually observable fluoroeconce emission offers a 
•4 . 

rapid. semiquantitative ostiz.ation of naphthacene content. 

The color of tho colloidal auspenziono chanp-es o.uch moro 

olarkedly than does that of tho solid anthracene in either . 

single crystal or polycryotalline form. 

Above 4G  ppm naphthacene, the intensity of the 510 mu 

naphthacono emission peak is zreatar than that of the 405 

mu anthracone peak, and eaxples of groater conceatratien 

all appear green upol excitation. Tlowever, with the colloidal 

suspension technique, the blue anthracone fluorescence at 

405 leu is opoctrometrioalif measurablo up to 4360 ppm 

naphthacene, contrary to the statement by 3loan (38) that 

it is completely extinguished at 0.3 ppm naphthacene content. 

Quantitative Evaluatio4 o Colloidal 'pectra  

Figuro 3 presents a log-log plot of peak intensity ratio 

o: naphtha cone to anthracene, A --- (I 7, i  I, n ) as a fu' 5oo 000,:o 

a added naphthacene content. The realtionship is linear is 

the range of 10 to O30 ppm naphthacene, but shows curvature 

below 10 ppm. Observatioo of the fluorescence o2 tho "pure" 

standard anthracene indicated the presence of naphthaczno by 

an inten3ity ratio of 0.026. On tho assumption that the 

linearity ohould hola oven at low laphthacono content, tho 

linear portion of the curvo was extrapolated. Thio o:ztre-

polation sug7,osted that naphthaceno in the "pure," 



FIGURE 3, INTENSITY RATIO AS A FUNCTION OF NAPHTHACENE CONTENT 
IN ANTHRACENE FOR COLLOIDAL SUSPENSIONS 



standard amounted to 0.6 ppm. When all of the obs,,rvations 

rectiMd for this additional 0.6 pidm naphthaaenc 

ecnt,.:nt in th-.; cripAaal, all cf the ,):cerim:;ntal points 

coincided clo:,:aly with the linear pradicted curve. ifence, 

it may ba concluded that tha log naphthacene conc_,ntration 

proportional to the log fluorescence intBnsity ratio 

up to a conclntration of 300 ppm. Ths ,stablished 

maltionship may be mpresented by the straight line equation 

Ice C = 1.6 to E; R + lor 28.1 (2) 

or by th: expon4ntial equation 

C = 28.1 R1.06 (3) 

where C is the nai,hthacz-ine conc.)ntration, ppm, is anthraces:: 

and R is thy:: intensity ratio. This relationship vas used in 

thy: estimation of napthacene in unknowns assumin7; that the 

linearity is coltinucds to concentrations as low as C.10 pi.m. 

Above th.,3 300-50C kpm l3 'l, ..,i_ -quenching oY 

zn:t11 deviation;:, a r i abov_1 600 ppm 

1ncr:sdl:; t1 deviaticAs -Yon lineurity. 

Table 2 lists the lifferential naphthacJne colcentration 

and di:farantial intensity ratio •of' naphthac,.;le-anthracene 

nixtura.; in a colloiaal Th4 diffarntial 



Tab3. 2  

DIFFialEfITIAL Ii NSITT RATIO F C L IDAL 
S T .1 S 0W.3 HIBACE::,- AND C '  

DIFFLRLi:MAL :,,IAPHT:!ACE:!E , 
CONCIOTRATIO1 IN AntaAcLa' 
(ppm-m1J based: T 

DIFFERE1TIAL  INTLMITY  
RATIO 

0 0 
.07 
.175 

.0064 

.0134 
.23! .0201 
.467 *026 

vl rp,... .,4 .0353 
1.05 .0480 
1.4 .0544 
2.10 .0858 
2.9 .106 
4.35 S. .171 

.236 
51 .319 

13.3 .379 
12.5 .456 
15.9 .545 
21. .723 
)0.5 1.03 
3r;.2 1.27 
52.5 1.39. 
74..1 2.22 
;7.) 2.49 
145 
174 

4.91 , ,^ 
e* LI.L., 

198 5.:5 
lc 4 6.99 
218 1,4.47 
218 0.77 
290 9.08 
436 6.92 
726 15.2 
070 15.65 
1090 20.27 
1452 18.G 
2180 25.17 
24.20 22.4 
27a) 23.8 
2780 22.1 
3050 22.47 
3200 24.1 
400 20.6 
4360 23.0 

*baSed on a standard having .6 ppm naphthaen and an inten3ity 
ratio of .026 



naphthacene conceltration anthracene is the allcunt cf 

naphthacem, added to the "pure?' Aandard anthracena which 

contained C. ppm. The differential inten.;ity ratio iz , 

the difference in intea3ity ratio between the "pure" 

3tandari and the irepared .;ample. 

Figur,. 4 iz a plot of the loz di:ferential peak 

int;nsity ratio iv;rm; the lc; alf,A)mntial naphthac-ene 

concentration. In the differential concentration range 

of 0.07 to 300 ppm th-; to diffrential concentration Li 

proporticlal to the loz di2ferrential eluork:acoace iatel4ity 

ratio and can be represented by the etraight .111,.) equation 

log de = 1.0G 10.7 ,11 loo 27.6 (4) 

or by the exponential ecuatioli 

dC = dR (5) 

where de "13 the dif:',1rential naphthacex; conc4ntration, 

ppm, in anthracene aa, dR the dilfarential iatuaity 

ratio. Thu abov72 re,lultsIndicate that tare a "pure" 

3tandard of zero ppm ava:ilable, equations 2 and couiu 

1).:. used in the extended nakhthacen.e concentration range of 

0.07 to 300 PPm. 



FIGURE 4- 
DIFFERENTIAL INTENSITY RATIO 
AS A FUNCTION of 'DIFFERENTIAL 
NAPHTHAcENE CONTENT IN 
ANTHRACENE FoR COLLOIDAL 
SusPENsioNs 



Com-,rison of C iloidal S1A3WA3iCA Sctra With Jolutioi ;.),ectra 

The resultz of fluorazcance measurements on dilute 

:olutions of naphthacane-anthracene In isopropanol are 

surxiarized in Tabl J. The results indicate that mixturs.:3 

o naphthacene-a:Ithracene in isopropanol solution ar 1,!uch 

more insensitive to fluorescence analyzis than are the 

colloidal suspensions. The fluorescence intensity ratio 

of dilute naphthacene-anthracene solutions changes from 

zero to 0.0368 in the range of 0.6 to 2180 ppn naphthacen() 

content, while the intnsity ratio of colloidal suspensions 

varies fro zA 0.026 to 25.2. At concentrations as high aa 

4i;60 ppm naphthacene In anthraczne the observed fluorcence 

of dilute solutions is blue. Spectrometric measuronent at 

higher naphthacone levels indicates L',002 emi:ision at 510 710  

but the intensity of this 7aears no 3iLni2icant relationship 

to the naphthocni-:.; cont,nt. 

The strong fluorecenca of colloidal suspensions when 

compared to dilute !Lolations indicates that the naphthacas 

co-precipitates with the anthracene allowing an energy 

transfer to occur by means of sensitisd fluorescence or 

excitation migration. 

?recision and Ref.,roducibility  

The fluorescence intensity versus concentration data 

of colloidal suspensions display considerable scatter, which 

is due primarily to colloidization techniques. Repeated 

runs at the same napthacene concentration in anthracen 

oft4n exhibited difZerent heights oL.  the maxinum eAthracc:::ne 



FLUPESCENCE OF L.9PROPAriOL  
QF Aar Anfuvic-,L., -,-::  

NAPHTaAC11  
coNcaldtATIoi 

MUORESCENC'..; FLU° *T.,C,LNC14 
COOR i til 

I:TIT: 
RATIO 

IN AMRACEJO NA H ANTTRA0Ea4 1/..(I 310/I 405 
(ppm.moL; basin) (I 510 mu) (I 465' mu) 

.30 blua.viclat 0 .9'. 3 

53.1 blua 0 1.62 C 

219 blu.i 0 - .03 • .94 0 - .032 

210 bluo .13 3.25 .03.58 

pure naphthacana Ilona 0 G 0 



and naphthacene peaks. This is domonstratd in the data 

of Tab. as 4,5,6, and 7 for naphthacene concentrations of 

0.5, 22.41  74-.7 and 291 ppm ropectively. This can probably 

be attributed to the .mixina operation of the standard 

alcohol sanpl,..:i with the ditilled water, which .'or each run 

can rosult in a different particle size in the colloidal 

phase. Bowen aid Lawly (A lAeasured the fluorscance of 

microcrystalline suspensions of anthracene. They report 

that the intensity of the anthracene emission peak at 

405 mu increased as the anthracena particle L.izo decreases. 

They postulated that these results occur "because ralch of the 

fluorescence is unable to escape through the large flat 

Llurfaces (of the particles), and underoes nuraz;rous 

ralexions ithin the this layer, erilering at the narrow 

faces." Chane in particle size would bring about changes 

in the surface-volume ratio of the fluorscing solids. `2, :allr 

particles with greater specific surface would show greater 

emission intensity if tho, fluorecence is wholly or alnost 

wholly a surface phenomenon. 

it is corollary that a decrease in particle size- of 

naphthacene causes an increase in the maximum naphthacenc 

mission peak. This effect  of particle 6ize'is eliminated 

in part by U6Ce' of the intensity ratio which reLains 

rAativ..:31y constant for a given naphthacene concentration 

in anthracene and a ,iven colloidal concentration, as- may 



'rabic; 4  

CO:TA RISO :I OF FL ITORE S CENCE .1:1111,-, NS I TILE.. 
AND RATIO  VARIATIONS WITH COLS TA NT  
1Aill-IT 11 CE.2.1r-roll TEITI .1(.77 A COLLOIDAL  

SUS PLZ I0J---  

Lii..P iiTNA C.:, b RUA FLUORLSCENC6 DEVIATION OF FJJAR L OF  
C 0117 N TRAt'l ON :,.T.OS ,. I NT2,11.S I ( FL UORE S CaNCE Dr, VIA TI ON OF  . 
70 A li Tti,A CE TIE "Fr A :,,ITNRACT-7,:lE INTENSIti nlia:-.1:71.  
( ppra-rnolz: b a51 Li) ( t 4C5) FRCN E X16  .. FRO:I EX.P. 

lar -(d4*) 

.60 1 7.00 -.22 .04L4 

.50 2 6.9C -.24 .0576 . 

.60 : 8.30 +1.03 1.17 

.60 4 ,-_:,.50 -.72 51c 

.60 5 1..)0 -1-.V .0064  

man = 7.22 E(d) = 2.34 Z,(612  

II.43-  ORE ;:.. CL ifeL.  
IN TE 113I rrt  

NAPI-1.. 
(I 517 

.60 ' 1 .10 -.008 .64 (10 1 5 .60 2 .1O -.0O3 ..54 (10-'7) 

.60 3 .220 +.032 le .2 (10-4  ) 
10': 

.60 5 .190 +.002 .04 ile-`9 ‘, 
• • 

;wan= .1 2,(6.1 - .068: Ddf - 14... (10-4  ) 

RAIQ.  
( -I 510/I 405) 

.i. 
.50 I . .0257 -.0003 9 (10-1 
.60 2 .0236 -.0004 16 (10-- ) 
.60 .:., .025 +.0005 25 (1.07'. 
.60 4 , .0962 +.0002 
.60 5 .0260 0 

i,t,  (10:1 

moan = .0250 2,0) = .0014 Eli = 54 ( 10-' ) 



Tabic 5  

007,71krtiOli OF FLUORESql1CL I ;:.-', TE AB I TISS  
MID RATIO VARIAVI011ttJTi C07,:i TA NT 
1,!API-iTHACE 7.:.; COW T I A COLLOIDAL 

:')' USP1.'; N3 IO;'•I  

PAP liTRA CI; NE RUN FL UORE S CEfICE DE VI A TION OF SOAPS: 0.:  
CONCENTRATION :.1 .3. II,NSrTY FLUORESCENCE DE *VIA T19.2:: OF  
III A NTIIRACE NE n A 1. TIIRA CE 'I‘E 1St?! FLUOR. I IIT  . 
(ppm-mole baGis) ( I 405) FROIT EXP: FRO: Ens. 

tAil . 77121.EAI.-  ) 
77.T 

22.4 1 5.51 +.05 25 (1O1 
22.4 2 4..a2 -.64 .41 
22.4 3 5.35 - .11 .0121 
22.4 ; ,., -4. ,. ,  t.72 it,519 , 

;a:, a n = 5.46 1,(1) = 1.52 L(d) 2 = .944 

FuoirzL3cE::cr, 
N b 

Li • 
(1 ) 

22.4 3. 3.01 -.35 .122 
22.4. 2 2.7o -.60 .256 
22.4 .. 3.02 -.34 .116 
22.4 4 4.63 +1.27 1e:21,.. 

n.L.L.. = 3.36 21(d)= 2.56 21(4 = 2.10 

I NTL 1 iS I TY 

W (R=I I1;.05 ) 

22.4 1 .546 -.062 .00:?' ..;4. 
22.4 2 .573 -.0:5 .00122 
22.4 3 .565 -.043 .00135 
22.4. 4. .749 +.141,  

TIOnn - .6C,i /,(d) ------ .2z:1 TJC42 = .0267 



TabL) i3  

CO:VAR IS Ori OF FLUORESCENCE I TIS M I TI.,?1 3  
An RATIO 7ARIATIOir WITH CPC-TAU-IT 
7,..APHTliAdElt; coNTL ,'IT -11 A  COL LOIDtL  ...- 

IS Pfl :IS IV 

APHTliACEIL; RUN FLUORAILOCE DE TIA Tim.  0i,7 SQUARE ... L 
CCU CE 7TRA TIa:i T1 S. IlitESITY FLuoriEs cs.:\ ICE OLIVIA TIO',:i 0" 
IN All :11-TRACE:L fiT TsiRAt.rIE IltENSITY: ' UOR ;1 '. 
(1-mo1'3 ba.As) ti: 451 FRO:T EXP. FRO LX' .  

MT' (d') 

74.7 1 2.9 +.24 .057 -') 
74.7 2 2.)) +.1O  
74.7 1 
74 .), 1*.  '7 4 A-lk,-;A; ....05 .0025 
7.7 5  _. 2.58 ±1:: 

ma: 1= 2.45 2,( id) ' • 95 L ( -)2 ..,.. .272 -1 - 4 

L01)C.,E:-'7CE  
I ' ..cTL IS I 'P"  

7.1APIT. 
( 1 510) 

.i. r ,c. ).7,...: 4- '12 4... .102 
74.7  

14,0::-,.. - ' • 14 • G196 
744k 7 3 , , . ..=.o, - r -,-, 

-..i.oLP;; 1..19 
74.7 4 , ...  

.4,•::: -.41  
Ap....A.: 

'.74 . 7 5 . 5.2,G +1.91 104..0,  ••••••••••••.......mo 

171.-; aa = 4.77 2:,(d.)= •.- .07 Lp- = 2.71 

I JTE IrTI.  
awen 

(z.-1 t---717/I 405) 

74.7 i 1.39 -.05 .0025 
74.7 2 1.93 .09 .0001 
74.7 -.7. , 1.32 1-) -.....,. .014:4. 
74.7 14. -I c , ,-) 

.4.04 -.12 .0144 
2,25 4. -:,1 

-.......-1.4 .096  

zau an = 1. :-.4 2,(d) = .61 Id =.1.27 



Tabl,.:, J  

co;?Artiso.,-I O? FL Li 01163 C E; T':"CE I NT115 I TIE 3  
AiiD RATIO Winn TIONS tfa. TT T CV& TAM'  
_.:AE4T.T,IA CE NE OONI:.: II T IT A C;OLLoiDAL 

';_l it P',43.1c0Ti  

:41APIITIIACETilE RUN FLUORCE 'XL  DE VIA TI 0.., 0? 3 Q,UAR: OF  
C ON CIEITTRA TI 0;:,f :41 C. IN ttirr FtUORE S CI ?41 ..17  DE VIA 11.4 i OF 
IN A N7HRAGEtri; a) A NACE li.:, IN 4 N Li. FtUOR. EIT. 
( wa.rnoI43 '6a ) Tr7:757--s-  F*,.0:11.... FROi',1 ZXP. 

---A6Ari '1;AN 
71,1-  

291 1 1.37 +.o6 .00)0 
291 2 1.25 -45 .003u 
291 3 7 kC + 1 4 elF024 
291 4 1.21 -..i.,... ,,,,, .01 
291 5 1.24 -.07 .001?  

Ltd) = .47 Di = .0545 

n.;JoaLzci,i'IC-i,:  
METZ Iti  

14TARTi.  
(I 510) 

2c I 1 9.53  
2c:1 2 , -, .4--.::.1. , ,.. ...0,; .793 
291 3 10.9 +.50 .25 
2c; 1 ii. 10.49 +.0':; .00..)1 
291 5 . 11 ._..........tr , .A..  

...) 
Meaa =10.4 L(d) = 3.20 Dar -..---- 2.52 

2I: 7fiL'; :T3 I TY- 
RA '1'10  ' 

( R=I 510/I 405 ) 

291 1 
. _ 

3 .94„) -.99 .980 
291 2 (.....14. n, ...e..)." .109 

291 4 L.i. 004.; +.72 ...519 
5  

7.()4 t, (a) = •(,;- 1 2(42 



be seen :Oral.: the values- listed in Table . The precision 

of the duplicate detendnations of intensity ratio is 1 1.4, 

15.5, i 5.3 aid i 10.6 percent relative standard deviation 

for a collidal aw3onsion cotaihins: 0.6, 22.4, 74.7 and 

291 ppr naphthacene concentration in anthracene. These 

results indicate the superiority of the fluorescenc,:i int,emUty 

ratio, R, aa a reliable mztas.ane of naphthacene content. 

C_centrations as low as 0.1 ppm naphthacene in anthracene 

can b detmined by fluoresceace measurezents using the 

colloidization technique. The sensitivity of this method 

can probably bo extended to 0.01 ppm naphthacene content tly 

lurter optizdzation of the tochnique, such as optiru 

colloidal concentrations, a purer standard and a 0.1-.3 sewAtive 

photomultiplier tube particularly in the 510 mu range • The 

R.C.. IP22 photomuitiplir tub 1,z sugzestod since it is 

twice as sensitive at this level as is the R.C.A. 1P28 which 

was used in all determinations. It 'should be notd that little 

anp1i2ication of th,i photwultiplier tube output was requirod 

with the colloidal suspen:Jions t;Juted. The spectrofluorwet,er 

was capable of anplificatioa 100 fold &eyond the ran utilized. 

A tore sensitiv,s photomultiidier tube at the 510 ;-:u levol would, 

however, perrit resolsAion of naphthacene at lower cencontratics. 

Resolution at this point appears to limit ths sensitivity 

of the method. 



Ia7)13 8 . 

77:  ,7.A TI ONS OF FLU OR-L L; CE; Li OE I :4TILI.I3 I TI.LS A l'ID RATIO  
FRO:.,.1: TIrE T,EAll EXPERrENTAL VALUE FOR COLLOIDAL 

ASK; M3 IO-IT'S OF :',!APiTilACE TIE AND A N TIIRA eta;  

FLUORES CLNCL I ilTILIII31 Ty: OF A NTURACE; LIE (1. 405 rau) 

::APH. A IF RA 12; ZTANDARD PERCENT RAGE CON FIpE. ":'1.C1.;  
CO.? PEYIA T; ON DE VIA TION RELATi: VE  ------a'"`" i; Tan WAL ( 95 ';..:3 ) 

!rm. FROM :CAN 1  0 TANDAR 
( PPrii ( 2(dy n) S= Adr2/ ( n-1) DEVIATIOT 

( Sim an )100 

,6 ., 
.47 7 9.3 1.3 .0 .c) 0 .9 0 

22.4 . -..,, ..., ,3  0 .56 ....i.j 10,. ,,, ."7 1 • ::),. 6p  • , 

'74.7 .13 .26. 10.7 .07 • .....-, 
291 .094 .116 L:.' .74 .28 .1 

I.V.TOR...E,S cElic:E; .T.I. TE;:ISIT7., OF :4API-13:ACM ( I 510 zau ) . - 

.60 .0.1 4 .019 10.1 .05 .03 
.,....4 5,, .....,+ 25 1.. 7 .L. ., 

74.7 .614, . 82 17.1 2.12 1 
291 .o4 • ,,, ,•.,...t. 7.j 1.79 • '-i 

DI T,t) i.IL I TY' RATIO (Y. = I 510/ 1 403) 

.60 .00028 .00037 I.!- .0009 .0005 . 
22.4 15.5 .. r':-....,-; .1 
74.7 .12 .18 c -, . .; ..› , , . _. ..., 

a 4. 

. 1 ‘: • 0 4. 10 .i5 2 .23 1 



PURIFICATION TECHNIQUES OF ANTHRACENE 

Synthesis of Anthracene  

!.:c-pJr-1.:ntal Tc::.ao7. iiatIzrac.in prepard by 

.ynth...zis :from anthraquincae uolaz., the niAhod deJcribed 

'Dy Fier (10). Ate en 50 A'cducod sl:culd 1i), free c 

tc riatural contanivat,;z round in the coal tar anthrac. 

1u1t. T.L::: ixopar:3d arithrac ..r. Tati5 analya.;d 1.)y tL.; 

fluoresconce tchnic1114; and :..o li:ted as ,:a1,7,ple 5..t Tabl 9. 

The synthetically ixepared ant'ilr.acene cmta.lno 0.10 ppm e' 

naphthacenc. Althouch th 1..iolid cryAal is dightl: Fzllow 

L n color, the collcidal ouspeaJion fluor-Joce a blua-violA. 

a is appart that . stracJn,e ..;o pr.4arctd 7:.;; ::iurpcd 

1.urity only 137 zcaci reff.nd (anide 15) and rautiple co-ilid 

(3a7pl 13) aatlxac3r. 

Walini-- ii',I.thrac3n-..;  

rital 51.-Ich:lict. Crude atacnc, ,-.)0 - 

practical ::,Irade thracen',;, Dar Oatalc(; number AX1600 

T:fa s wash,.::d four tia !.1th :rflall ,-,crticx:..; 0: cold -acetom.1 

licinE th,.. standard tecliniqu docribd by Ada and Johaon (1). 

Re3u1ts. Washed aathmocme fro n crude ccal tar anthracea3 

dozs not apps to .:,ho: an 31,saificant Laprovient over t1 

untroatod crude anthracene a's. Jshoun fli 17.1urti 5. The ar4a17sic 

o2 waeaad (salapL.: 2) zuld untrc:atod crude anthracen (A-4-z;p24. 1) 

is i:;iven in Tabl 9. Crud anthrac..; and wa.31.2d antLrac:. 



FIGURE 5,  COMPARISON OF PURIFICATION TECHNIQUES OF ;ANTHRACENE 



Thb19  

Afl ALYTI CA L R28 ULT.-; OF COLLOIDAL A '17 iiiACL NE 3 A IPLE;  

akIPLE 40. 

1 

sourici, OF DESCRIPTION  
WITHRACEIL COLOR pF FLUOTEASCE:=  

LID COLOR IN -  
COLt (ADM,  
.',U.3P1-,;4•S f Oi 5 

95 Anthmeem Brown Green 

FLUORCEUCI!;  
/NTEM/T4f.  
ANtt. NAPHTH 

(I 405mu) (I 51(5r(u) 

1.42 5.22 

IIITI,.XII7  
IZA,TI 0 

, .-. 
...AA:. 

A.PiiTO.A=1:  
COIITIL 1(  
(?Pi)  

125 
LAJtraa/3 POO 
(CRJDL) 

Crude, washed Drown- Groun 1.53 5.27 3.34 110 
Talow 

..2 .., Crude, washed Clreen- Green 
rocrystallid I.!-hite 

2.10 6.12 2.(.1 97 

4 Crude, vaOled Palo Clue...green 
recryztalliz:ld yollow- 

4.00 2.50 0.625 1c).0 

) tines ;7;roun 

Crude, wa3hed white Flux 
rocryAallized (;light 

5.60 2.77 0.495 14.0 

4 timo ?Edo gron) 

6 Crude, Sublimed Yellow Blue..lroan 4.20 3.70 0.81 26.0 

7 Grudo, 4:ub1ivod P310 A.u3-r7ro4,1 
rocrwita11iza4 yullow 

5.21 3.00 0.57( 16.A 



,A TIE ;.:10. nURCE OP DE CRIFUL 
AuTNRACEL COLOR 0 AUORLL;CEjCL .---- 

D =CC .= 

FLJOR ;S CL CL  
VIVIITr t 

A1,1717-4"—"IAPITII 

Ii- SITZ  
At) 
R 

,,;APNTU. 
rriTEM 

'' 
COLLOIDAL I 4—mu)(1 510mu) 
:ASPLNI01  

... 

c. 

Prparcd frun '73.i:;11t 
anthraciti,lon„) TN:alow , 

Crude, * i ,t„..xlz.;(1 are;r1 

,luvjolt 

;,31%,,,.:,, tt 

5.2 i.2C 

I •4..., 5.12 

076 

c. 
.)014 

u
" o ) 

i*JA 

119 

' 

1,'2,,at3d 

10 Crude, 
co..diritill3d Whit o i:lue..violJt 11.0 105 G.1228 3.00 

1,  ..1. Crudu, wa3biJd, 101:.t:,  
rocryotathz,id, 
co-diAillJd 

iLluo.-vlolc,t 6,(20 0.600 100 2.50 

12 Crudt,l, washod, 14hit ;:,; 
rcryctalliz:,,d, 
cc-.1i3till;:i 
twic,3 

31u;.t..vIolJt ofko n
...)f 
-,-1. 

%, U.0544 1.2U 

1) Cmdc, wasY,A, Vhit,I 
rocrystalliz.ed, 
co-diz;tiIld j 
tiNz;, 

nlu:-)-violvt• 7.57 C.1„t  

Th * Tho dinx of antilreo3n (dianthracn(1 was analyzod as a colloidal auspilion. 
sualAInsior. di6. not ohow vdsibl fluorAsconc,3 and th3 rluorosconco int.:;nAty at 405 lAu 
and 510 mu was 0 and 0 rewy.activcay. 



Tab1. 9 IContinuod)  

:A1PLI:, NO. tiOURCE or DEziCRIPTIOU  
ATINRACLqi, COLOR OF FL1OREJCENC  

SOLID COLOR I" 
COLLOIDAL  

Ióil  

FL1MSC 

AUTfl “elah 
(T75mu)(I -5=m01177 

ItTEA6ITY  
RATIO 

(R) 

LAP .1. 

TPVT'" 

14 lauo-violit Villit.: Ii19,o-violA 7.10 0.50 0.0704 1.60 
Fluori;3cent 
grade 
lhthcson, Coleman 

15 Fiohar sciantific Whit,: 
zone.; refined 

Awl-violJt .r,  0.2.:. 0.02et es 

li Prepared from White .3lue.viol,A 7.21 0.187 0.0260 U.60 
Anthraquinonits  
mi.: refined 



"roe: crude. contain 125 and 110 ppm nophthacana r,:,sp)ctiv417. 

Th fluorezcna, or colloidal suapamsionz both material.; 

is dcel ccicr. 

n,:cr7stallizaticn  

,xporiantal T..)aniou-s, Crude wachad anthracm waJ 

r..:crTitalliz,:d Cron a banzana lolutien four tiz:es in 

succesoion usinc crystallization proceduraz 1.1.scribod by 

Alas and Johnson (1). 

Result;;. Ona crlrstalliaation from bun.z-Jnk:.,  visually 

inprowti tha appaarance of crude washed anthraceni as shown 

in Fi!7,um 5, althourh laphthacan •.; contant is• ,nly 

slightly changad (Takla 9) from 110 ppm to 97 ppm. Three 

and four recr7stallizations yid a matarial containing 13 

and 14 ppm naphthacens ra3pactivaly (sanpl.:o 4,5). Aft,x 

'our racrystallization s th.:; anthraces:.' aaLpla .4ipQars 

and in a colloidal aspen lion fluor sces :;lug:. 

Sublimatio,1  

INxparimontal TochnicL1J. Six to tan i;rant: of crude 

anthracena were char:;c,d into the McCartor vacuu:.. 

apparatus shown in Fi;;ura 6. The aublimar has a 70 mm 0.D. 

loar section and the flat :Tina is 70 and crecvJd for 

an .'-ring. Tha jacket for the condens,ar ia 57 T-m 0.D. 



FIGURE 6, VACUUM SUBLIMATION APPARATUS 



and the bottom of the con openinc is 45 um in vidth. 

Sublimate forms on the inside ourface of the cone and is 

aaoily romoved by scraping. The oystom is evacuated to 

8.20 licrons of mercury by a mechanical vacuum putp. Heat 

is then supplied to tha oil bath by a heatin; mantle. 

It is ielportant not to heat tho system before evacuation 

since anthracena oxidizes at elevate d toioperatures in air. 

The tenperature of the systam is kept constant at 110°C by 

a Therro-O-Watch Controller, limit model 10-6. 

Results. Sublir2ation provo.:3 to be e far superior method 

for purifying anthracene than the recrystallization method. 

Crude anthracene subjected to sublination (sar4lo 6) formo 

yellow powdery crystals containing 26 ppm riaphthacone. In a 

colloidal suspension the naterial fluoresces blue..green as 

indicated in Table t.... During operation, the condenser of the 

sublimer devoIops a series of condensed anthracene layero which 

exhibit successive changes in color from white, yellow, 

yellow-green to ;;;refan. Sublimation should be suspended when 

the yellow layer firot appears. This usually occurs when 

7C-75% of the charge has been sublimod. 

A second sublimation does not produce a parer product, 

but a subsequent recrystallization ;rom banzeno solution 

gives a reasonably Focd naterial (sanpl,,i! 7) containing 16. ppm 

of naphthacene. The main disadvantaes of sublination is the 

s'iiall f,f_ze of charge and 3lowness o.. operation (2 - '.:. honr3). 



Dimerization of Anthracene 

When solutions of anthracsne ara exposed to direct 

sunlight or ultraviolet light G10-75 nillinicrons) 

dimerization occurs depositinc dianthracene a3 a relatively 

inert and sparingly soluble co:1pound. Th,, reaction 1.: 

Pring.3heiLi (.2) .,;-Li,a;est',_.: that t.(; absorptioa of th exciting 

light briAgs the anthracsne 1::A)1cule directly into tha 

electronic state frau. which emission can take place. The 

LoL)cule 13 hi7,hly r ctivu w1:11a in thi:J stat, arid if a 

3ub3tance with which it can react (a second excited 

anthracem: rolacule) is ?rent, raaction may occur bfore 

the :cLicuLi return to the ground :,.;tato with fluorc,2nce 

nth-sion. The reactin molscules ara oquenchodn and the 

di::.L.r lhould sho w no flacirscenc charactaristics* The dier 

iz r.:4ort:i. (35) to ItAt at 270-=°C with til:; reforation 

of athrcJn3. 

.;:x1Jrc;rat,a1 TL6Aniqu. A o to two :pel- cent .01utio.i 

oi crude anthracene in xyl.ane is irradiated by ultra.violet 

light (310...-75 4uilliriicrons)Jbr periods u to sevente.an 

hours. A :;1,,lo cooling coil -.1:; ine,rtE3d into the react:la:1 



beaker to keep the temperature in the range of 21-31°C. A 

magnetic stirrer is employed to increase the surface area 

in contact with the ultra-violet rays. The insoluble di:aer 

is filtered and washed with fresh solvent. Attempts to 

anthracene or other volatile impurities fror. 

dianthracene at tee peratures below 200°C and pressures of 

50 microns showed that such volatile materials were not 

present. The diner is converted back to anthracene by 

heating, in a nitrogen atmosphere, to 1$0-270°C. The 

decomposition temperatures of the diner were studied by 

means of differential thermal analysis. 

A second method of converting dianthracene to anthracene 

was employed by subjecting dianthracene to repeated zone 

refining in a nitrogen atmosphere at temperatures slightly 

above the melting point of anthracene monomer. After five 

passes of the heater, (1.3 inches per hour) the diner is 

completely converted to anthracene as noted by the complete 

melting of the material in the direct area of the zone 

refiner heater. 

Naphthacene (Matheson, Coleman and Bell Co., catalog 

no. 9082, melting point 340-34.2°C) was subjected to the 

same techniques as described above for anthracene to determine 

if a diner is formed when exposed to ultra-violet rays. 



10  

DIMERIZATION OF ANTHRACENE TO DIANTHRACENE 

Run 1 

Charge - 4.375 anthracen..-ii  700 n1 xylena 

TiE 

(rain. 

TEI,TErt.ATUREi  
SOLJTtOT  

( cC) 

YIELD 

( zraraz.1) 

PER 0Eirf  
I-rap  
(wt.) 

0 21 C C 

115 27 0.&05 3_5.6 

235 29 1.2308 2E4,2 

445 31 3..3771 42.9 

625 31 2.2595 51.9 

Run 2 

Char 5L.1 7.16C7 .:;. anthraei, /5 ml, xylme 

TI7L 

(rdn.) 

117:.TEF?.ATUPIL  
SZJTIO:f 
(Ca) 

• YIILD 

( 74113 ) 

FEE?. CI.; iIT 
',1-nzn  
(wt.) 

0 22: 0 0 

33C 2 1.].94. 25.4 

1010 33. 4.15 60.1 



Results. The conversion o. anthracene to dianthracene 

ulAnc ultra-viol-A light as a function of exposure tim ia 

,311Lmarized IL Tabl,; 10. A study c th themal decomposition 

dianthracone by means-  of di:ferontial thermal analysis 

indicates a melting point for tho diner of 266.3°C. With 

rapid heatin, there was ao ,:vidence of anthracone in the 

• However, with slow heating rate'..:, doconposition 

started at 1,0°C and coAtinued at an accelerating pace 

until it wac conpL;ta at about 270°C. Such cariple„;0  on 

ro-freezing showed col2p1ete reconversion to anthracene, 

neltinc at 214.5°C. The zone refining of dianthracene, a 

technique act pmvioualy reported in the litz,ratur,;, con-

verted the dimer to exceptionally high yields of blue-

Ziuorescent anthraceae (42 passes at a rate 02 1.3 inches 

per Uour). 

Analysis of the diner by the fluoreJcenc,; technique, 

shown in Tall; 9 indicatsa that the diner exhibita no 

21aoresconce chracteristics as predicted by Pringsheiza (32). 

Pure naphthaceno did not corn a diner after 10 hours o: 

expoenre to ultra-violet light. This would seen to indicate 

that co2F,1lto separation of anthracene and naphthac - is 

pc's-Able by the dluerization tcimiqu. lowevor, 21uoreacance 

analysis o: the anthracene :orL.ed (saEpla (;) _from the diner, 

which hac bc,en decomposad back to ant:Lraceno does not 



appear to show a ,;iGni:icant inproveme,It ovar untr,)ated 

crude anthraceno. It is postulatel that these rult 

occur b.J.causo nab dinrize,L to z,ome eztont whJ11 

in solutioa with aathracne forrilinc, either a naphthaceaa 

dimor or a naphthacan,;—anthracene diner. This., cau be 

mlated to the fact that Jura naphthacena shows no 

fluorescence characLri6tics. In a solid solution vith 

anthracene the aaphthaceae 21-acrece;1 by means o. 

sensitized fluoreccenc,) or excitation micration. 

In a similar manner the aaphthacene molaculJs ar.: excited 

into the electronic state where they are highly reactive 

and can react with a E-,cond activated naphthacone 

to Form the diner. 



Co-distillatioa of, Antilrac9u,  

The anthracene with ethylone glycol 

() has been used by a:cada (26), 2oazle and. Snith (9) 

and by alsleant (25) to produce antracena equivalent to 

commercially available scintillation grades. 

Apparatus. The apparatus used for co-distilling 

anthracene is shown schematically in. Fire 7. The de3iCn 

of the apparatus is a r.odi:ication o one suzgestad by 

Alsicant (25). The condenser chamber consistz o: a 4 inch 

0.D. by 1 inch long section of Pyrex. The chardber is 

loosely fitted with a rooved aluminuu top containing 

1/4. inch 0.D. copper tun i; which serves au a cold al-16er 

condenser. The aiuminam top also acts as a safety relsasc 

in case oZ excessive pressure. A nickel-chromium wire 

screen is placed in the bottom of the chamb„,r tc coll_ct 

condensed anthracena. Thre reactor is a two-neck, 500-ml Pyrex 

round bottom aa3k. i pluj o$ cotten is placed in the 

connecting section between the reactor and the condenser 

chamber to 2r-vent vapors fro/LI ilowinc directly into the 

bottom of the condenser chamb3r. A 1/2 inch resistance 

heater tape is employed to prevent condensation of 

anthracsne in the 3/4  inch 0.0. side tube. Heat is 

supplied to the reactor by a heating mantle. All joints 

arc ball joints to enable asembla,!7:3 of the apparatus. 



FIGURE 7 
CO-DISTILLATION APPARATUS 
NEWARK COLLEGE OF ENGINEERING 
MELVIN DRUIN 

SCALE : 1.5"=I2"  



Experimental Technique. Twenty •five .;rams of uaohod, 

once-rcrystallized anthracono and 300 ml of othyla 

":.Ilicol am charEed diroctly L.Ito the round bottom 21a: A:. 

Power tats !illplying powr to t1-1 resitance tape and the 

ht.; mant14 aro 3Jt at and 100 volt:3 rpectiv,Ay. 

intlIracelle Li coaded a.. Pima particle an  th;.: cold fiaL.Jr 

condenor, ;3ideci of clImlber wall and on th3 wire 'screen 

vhil ethyL:n &lycol L.:i 1%;cycled back to the round lottou 

fla.5. leatine i.:; dis:;:cotiAu,3d aZter ..;...10 hour%;. 

Aat:Iracene :1., the71 ff.lt...xed aad washed 4 or 5 tines with 

diatilL)d watJr to r,;mova adherLz sthylone zlycel. 

The oricinal anthracene was co-di tilled. throe 

successive tims and variouo sampls oe obtained were 

anal-  z., The result:: ar rej in Tab 9. 

Crude at thraceno was alzo cc-distilled once with 

othyleae 7;lycol and analyzed by the ""l. em tochnique 

&7 roported in Tablz 9. 

Recult3. Table 9 zives th.; :inalyL+ic4i.1 reoultz on the 

co-distillad antLracene analyzad by the fluor3scence 

techniqu. The co-diatillation o2 anthracene with ethylene 

g17col .-2evao to be th ':ioz;t superior puriication t.,;chnique 

oncontL;r,)d (..30 2:1:7,x,; 5). The natorial z.;AD obtained lz,i 

believed to b,; adequate ;or crycAal -,rowth and zubaequant 

electrical masurnents. 013 co-distillatic2i, tuo 



co-distillation and throe co-distillation of washed, 

once-recrystallizad z,nthracenu produce scintillation 

ratio anthrae3e c.. 2.50 pp:, 1.20 ?pr. and 0.47C ppm 

naphthacene content. It is appar,lat that &it/tract:hie ,o 

prepar,ld 'purer than comwroially availaiae zona refined 

(eamplo 15) a_id sy_lth3tLc-4.11y pre,ared-zalle rafia,d 

(sample 15) aathraeona 02 0.6:.; Asa and 0.60 ppm naphthacefla 

content resl,ctively. 

Co-distilled anthracano prepared from crude coal tar 

anthracene contains 3.00 ppm naphthaceae. This indicates 

that wa3!-1:In and rocrytallization prior to co.‹Iistillation 

is not laeded. 

Zone Refining of Anthracene  

The th-.;or:r and t3chnique of zone refining as :irst 

disclosed by Hann (30) has been applied to organic compounds 

by Haniatoal, Handley and Cool: (17), Wynne (44) and by 

CzornY (7). The basis for zone refininoii tha paJaa.ze 

in one dirocv,ion of a seriLts o: molten zones throu3h a rod 

oi iml;ure material. Imzurities, in the char, travel with 

or oppositL, to the zone depandin3 on their ability to raise 

or lowr the m3ltin2, poiat of the mat3ria1. 

The full details of the purL'ication of anthracanc "uy 

zone refininc can be found in the thesis by Czorny (7). 



7IJ followinc is quoted from thy:: Abstract oC this theeis. 

"The segration coe:ficient or anthracene from 
naphthacen; was found to b about 0.6 at a refining 
rats o? 3  in./hr. Calculations showed that 60 zone 
pascao are required for ultimate purification under 
the experimental conditions employed hen-;. This was 
conrirned by experiment." 

al;periantal Techlliou. A Fisher zone refiner with 

an_ automatic racycla was enployad by the author to zone 

refine anthracene and dianthracene (aee pa-;e 3(,). The 

naterfal to be,  zons refined is introduced as a fine powder 

into a heavy walled Pyrex tuba sealed at one ends  6 mm I.D. 

by 2 NM wall thickness. The tube fa sealed of:r under a 

nitrogen atmosphere usinz: the satal technique e?ployed for 

tha crystal containers (see pa -o 99). The number of cyclea 

nada by the heatiAz alene::t were recorded on a :3ristol 

temperature recorder according to the technique deacribed 

by Onmprecht (14). Instead of insertinc the themocoupla 

into the material be t; rzifi_Lid as suggested by Clumprecht 

thi thermocouple was taped to tha outaide aur:ace of the 

Pyrex tube at a point correspondinc: to the beginnin[: 

the haatin; cycle. 

Results. Zona refining of anthracene pro.:uces highly 

purified Lateriala believed adequate, for zingl- crystal 

Frowth az indicated in Table 9. Anttlracene so prepared is 

a;cond only to multiple co-di :ill. i-mterial in 



naphthacene content. The main disadvantazos of zon 

n;fining am th eztce3sivo numbcx of zono paJsos required 

(60 pas ea at a rats  of 1.5 inches per hour) and the 

rolativcly =all siz of char. 



CONCLUSIONS AND RECOMMENDATIONS OF  
PURIFICATION Of ANTHRACENE 

The raost nethods c.. purification of 

anthracene, which were cheLical synthesis, washinc,, 

recrystallIzation from solvents, sublimation, 

dimarization, co-distillation and zone refinin': 

have been investigated. The r.ilative merits of each 

mathod were c.ixplored and discur;sed with particular 

attention to co-distillatiou which is concidered by 

thy author to be. the nost apfrlicable. Both crude coal 

tar anthracene and wa3hc..d, onee-recry•tallized anthracene 

have csivon mat.:rial of comparable purity by cc-distillation. 

Therei7ore it is re.c nded that the processe 3 of 

pla-ilication a' crude anthracene prior to singls:: crystal 

i;rowth thre:.; si:ccessivs:, cc-distillations with ethyl,  ...sae 



METHODS OF GROWING SINGLE CRYSTALS  

A single crystal is a monolithic solid in which the 

nolecuL2s are arranged in a rezularly repeating pattern. 

try techniques have been developed for growing single 

crystals of oranic compounds. It is tho purpose of 

the author to grow organic single crystals with controlled 

amounts of crystal imperfections and selected impurities. 

This involves stringent recuiror::onts both on tha salectiol 

of the nethod of crystal growth and the inplanentation 

C the technique. 

I ffaivarr,11, the nethod selected for the cro-;:th of 

singlc,  crystals depends on the ch=ical properties, crystal 

structure, and the veltinp point of the tat3ria1. Due to 

differences in these propertis, a nethod suitable for 

growing crystals of one natrial may be quite useles for 

anoth,sr ::aterial. Zlany trials are often necessary b.J:01.,: 

good crystals of a givw1 material nay be produced. Crystals 

growinv is often tore a combination of art and 11,-livine fa-1th" 

than a science. Buckley (6) has writtea, "It should be 

remembered that, in the prc-,fartition of larga clear crystals, 

the touch of the artist is about as important as th., 

application of established scientii.'ic principles." 

Fron Sublilnation  

SinFle crystal flakes of anthraceno have been pr.:dac.;a 



by Lipsett (22) an:. -Takada (25) by ueans of sublimatioa. 

The chi advantagas o: thia method are that tho crystal 

grown is not contaminated with a solvent and the crystal 

flakes are convani-ent for resistivity msasuremonts a-

not required. ;:ollevar, crystal habit 

(nucloation orientation) cannot be controlled. 

From Solution 

Techniques for crowing ingl2 crystals of anthracencl 

have baan reported by Lipeett (22) and by Kallman ani 

Pope (20. Advaltazes of growth of crystals fror solution 

are that less demand is placed. Dn power supplies, low 

temperatures well below the neltiac point of the pure 

substance are aLlployed, and the problem of findinr a 

suitable crucible iaterial is non-xitent. Contamination 

of the crystal with a solvent i4 a problem. The rata at 

which cryataL, can be grown from solutions is generally 

much sr_aller than th,! rate of ;Towth from the pun:: melt. 

Common rates of linear Grol:th .rcm solution are in the 

order o.10-2 cm per hour, while rates from thl pure melt 

arc centimet,:rs per hour. 

From The jelt  

In the past th3 most successful tchniqua for preparing 

single crystals has been Frowth from the melt, composition 

of the r-alt bainc n.-ear that of the desircd crystal. Although 

'ir,ti ed for rotalz, the .:ethci 14: ,uitol.; cr te Towth 



of organic crystals. Theron advantages are that 

contamination of the crystal with a solvent is 

non-existent, large growth rates are possible and 

large single crystals can be prepared. Many organic 

materials cannot be grown into single crystals from the 

pure liquid phase because the substance melts with irrever-

sible decomposition and there exists a solid state phase 

transformation between the melting point and the temperature 

to which the crystal is finally cooled. Single crystal 

growth from the melt can be accomplished in a wide variety 

of methods. These include: Tarmannts method of growing 

single crystals, the rMethod of Obeimov and Schubnikov, 

BridEmants method, Kapitzals method, Czochralskifs method, 

the ::method of I:acken, the method of Kyropoulos and the 

;,method of Stober. Detailed description of each method are 

given by Buckley (6). 

From the lfelt by the Bridf7nan Jethod. The method of 

Bridgman (5) has been used successfully for the Growth of 

large single crystals of anthracene by Lipsett (21,22), 

ilakada (26), Sangster and Irvine (36), Feazel and Snith (9), 

and Pimentel and .McClellan (31). The principle of this 

method is as follows. A specially shaped container is 

filled with the material to be grown into a crystal. The 

crystal is grown in an inert atmosphere from the melt in 

the sealed container which is slowly lowered through a 



temperature dico:Itinuity which includes the fraezin; 

point of thu sub3taic - Crystallization of the melt 

occurs progressiv,ely upwards fror.. the bottor of the 

container as it iz lowered through the tenperature 

discontinuity. The furIlacec; employed in the use of 

the 'aridgman tuchnique are desic.:ned so as to -produce 

a larce tc,Ilipc:rature gradient alonc the path o: 

moving container at the -point o2 crystallization. Thu 

lowering of the container :.ust be slower than the velccity 

of crystallization in the direction o: the container. If 

the velocity is faster, portions of the melt will b 

forced to solidify before the orientating influence of the 

advancing crystal face has reached the section. The result 

13 the fornation of a differently orientated crystal. If 

the puritf of uaterial, the therLal conditions in the 

furnace, the shape of th container and the rate o; 

the container are suitasle, a ,AL.31.3 -rjstal can ba grown. 



DESIGN CRITERIA  

The Growth of single crytals by the Bridgman method 

depends on the design of a suitable crystal growing 

apparatus and auxiliary -equipment with the  following 

design criteria: 

(a) establishment and control of the correct 

temperature distribution within the furnace 

(o) crystal container which initiates growth at 

a single point or constriction 

(c) convenience in operation involving the insertion 

and removal of the crystal container and the 

inspection of the material in the container 

during melting and growth 

(d) a lowering mechanism which lowers the container 

smoothly and continuously through the furnace 

at constant rates of the order 0.5 to 3 inches/day 

(e) a convenient operation in  maintenance of the furnace 

Temprature Gradient With The Furnace  

The ideal form of a temperature gradient as recommended 

by Lipsett (22) is shows schematically. 



tol,peratur-3 at the top of the furnaca is in the 
upper ri:ht-hand corn3r of the dizTran. This should 
not be high enough to cauca any deconposition of the 
material. The temperature in the top section of the 
furnace should decrease fairly gradually until the 
lowest part of the top section is reached, and then 
should abruptly drop. The heat input to the furnace 
should be adjusted so that the L;altins.  point of the 
naterial is approximately in the mid-point of the 
sharp temperature drop. In the bottom section of the 
furnace the teperature r:.ay fall off more rapialy 
than in the top, provided the fall is not co larce 
as to interfere vith the anm.:alinr, of large crystals, 
and if convenient the temperature at the bottom of 
the furnace may be that of the room." (22) 

The horizontal L;radie.lt, in any horizontal lune o_ 

the furnace, should be uniform (horizontal). This condition 

is attained through proper insulation of the furnace. 

CrIrtal Container  

:Ihterial of Construction, The nolt and the growing 



crystal are housed in the same container. Since the melt 

phase is in intimate contact with the container wall, 

thorc must not be any reaction botwoon the molt and the 

container material. Should reaction occur, the melt 

phase becomes contaminated with the container material. 

The container material must also have a thermal coefficient 

expanzion close to that of the crystal. If this 

condition is not satis7iod and the grown portion of the 

crystal tends to stick to the container as they are being 

coolod, stros000 cauoed by difforontica thermal 

contraction will arise between the container and the crystal. 

A =all disturbance ouch ao a choodcal reaction or an 

imperfection in the container wall may induce nucl=eation 

which may pn;vent singlo cryotal 5rowth. Thus it is 

important to ooloct a material of construction for the 

crystal container that has a omooth, non-'.reactive surface. 

The cbjoct of all crystal containers is to initiate 

the growth of a single crystal at a constriction or point. 

should the wall of the container above the constriction 

slope, cradually outwards to tho full dianotor, tho chat-Lc:2.i 

of obtaining a good single crystal are increasod. A crystal 

container nay be deoignod either to produce a sold cr:I tal 

(large ,inola crystals are later grown in another contain :r 

from the sead) or a singlo crystal by a procoso of Jell. 

000dinfr. 



Self-seeding Tammann (41) was the first to grow 

single crystals by the method of self-seeding. He 

constructed a tube of uniform cross section and tapered 

it to a fine capillary at one end. As the bottom 

section is first cooled below the melting point, several 

seeds of different orientation are produced. Certain 

directions are more suitable for the rapid extension of 

the crystal. Providing the tube is long enough, one of 

the seeds would have the opportunity to grow outwards to 

the full diameter by squeezing to one side all other grains. 

The narrower the tube, the shorter the length of tube 

required. StatisItically there will be fewer competing 

grains, the narrower the tube. 

Seed Crystal. Some investigators have used seed 

crystals to grow single crystals (22,29,40). A section or 

a seed crystal grown is introduced into another container 

with new material added above the seed. The nain 

disadvantage with using seed crystals is that it is 

impossible to see the liquid-solid interface. Thus it is 

difficult to control growth on the seed and still be certain 

that the seed itself :le not completely melted. 

Convenience of Oration of the  Furnace  

The crystal container should be inserted and removed 

from the furnace with little difficulty in a period of 



5-10 minutes. The furnace should not have to be 

disassembled during this operation. 

During melting and growth the condition of the 

material should not be determined by having to lift 

the container momentarily out of the furnace. The 

sudden change in temperature will produce largo stresses 

in the crystal which can cause dislocations and other 

imperfection 3. 

Lowering Mechanism  

The crystal container must be lowered smoothly and 

continuously through the furnace at a constant rate of 

the order o 0.5 to 3 inches per day. These rates have 

proved successful for single crystal growth of anthracene 

by the Bridgman technique (9,21,22,35). The rate of growth 

is dependent on the rate of diffusion of the latent heat 

of fusion at the liquid-solid interface. The rate must 1:e 

such that the temperature of the crowing nucleus 1:: less 

than its melting point. The rate of growth is also 

dependent on the rate of formation of nuclei large enough 

to grow at the temperature of the liquid-solid interface. 

Convenient Operation in Maintenance of the Turnace   

A well designed furnace requires little maintenance. 

The most likely malfunction of the furnace would be in 

the resistance heaters. All heater leads should be 



connected to external wiring by means of short screws 

and nuts. It has been found (21) that hard soldered 

joints at these points tend to break after a number of 

heating and cooling cycles. The furnace should also be 

designed with ease in operation and maintenance in mind. 

Each section of the furnace should be independently 

maintained, that is, one section at a tins can be 

disassembled. 



DESCRIPTON OF FURNACE  

The furnace is a izodification and ref inumnt of oao 

::..scrid by Lii.%;ott (21) and is corai;cod cf six najor 

part); tho upp:as hoatinL: zcaus  tho low-  Jr hoaths zone, 

th.: bottom 3.!ction and thro.3 tran:::,ito plato. 2ach 

IK,atinc: zo%o cousist of an ianr Pyr::x tube Ilatad y 

a vrappin cf ras:tstaac,) utro and aa outor Pyrox pipa 

*Lich provide:: th,.:c:;al iusulatio-,. 

Thu :,:yr :oatia,c: ion::  

Tho uppor heatix: zono consists of an outer Pyrox 

pip soctim co::formin to th diAaasions 6:101M in 

Ficuro :;), and :-:11 ilmor heated Pyrex tube sction shown 

in Fiuml (,). hooills o2 both 1-.;ctioas hav,o boon ground 

soil:lar.; and arc -,1-Jolishod. Throe 24/40 standard taper ouLr 

joLtt:.; :;eal.;d to tho Pyrex pip° allow .or tiN:tparaturo 

mazuremnts and control. The Pyrex pipe i inaulat;A with 

a covoring of aluninu% :oil, 3/4.iach thic% macnosia • 

(rolled :.lay:::: tar of.4.5 inchos) and an outer covor of . 

chu3s cloth paintud with threo coats of a zaturatad solutio::1 

of sodium nilicatc .n watar. Holes are cut at Litorvals 

in tho insulation to sorve as windows. Thoo windows allow 

obsorvation of tho proryoss of molting and :7rmth. Then 

not in usas  thu,;o ho lc7;s aro pluznod with z:lass wool. Th,J 

cr7stal :my oaaily •bo vi-owsd by holdiAc a licht againJt a 



FIGURE 8 

UPPER HEATING ZONE 

OF FURNACE - SECTION 1, PART A 
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PYREX TUBING 
MEDIUM WALL 
ENDS CUT SQUARE 
AND FIRE POLISHED 

G-8530 

FIGURE 9 
UPPER HEATING ZONE 

OF FURNACE -SECTION 1, PART B 
NEWARK COLLEGE 

OF ENGINEERING 
MELVIN DRUIN 
SCALE 3" =1=0" 



vindow while looking i-i at a ti in-actly opposit3 

in .:Illation al3o lig,ht any natrial to 

-row-  into a cry2tal which i, L)ensitivJ to photo-

chemical mcctiolz (uldor certain conditiom; this i5; 

ca, :e (-)r :_nthr_cene). 

The ilner Pyrex tube has three s,,:parat,;l7 co7.trollad 

ru_iJtance h,.:ater:; Ri, at a:1d R slioun in Fi7urc: 

,rhich el-sat; tit- ,2;radiont aloac the 1,:aL;ti, 

of tubi-.1. Th'e :leatQ.r,.3 are each ;..ade of 20 'oot of 

22 i;ag.e c:,rol=1 resistado..; w r. , %:ound at V13 Lich 

3pacinc,.:: covering, a .;....ction 7.5 inches in lunGth. Each 

'1,;at.3r 1:as construct'ed Li the following_ mann.:xt 

(a) Three strips o2 Lit asbesto3 tape wore nolutaned 

and appli,-;d v3rtically to the inner Pyrex tub.e, 

spaced at '200  int,;rval‘i. 

(b) T:!o 3trips of asbtos tape wen; mointereed and 

applied circumrerentially about the inner P7r:,]: 

tube at both ends of the heating 

(c) The a3bc.istoc strips 'mire dric vit a heatiaL: 

lamp. When dry, the strips adhered to the walls 

of the P7r,-;x ti? c;. 

(d) The 1-3:Acta:lc; win: vas :'_tachA. to the a,>1),os 

strip at one and o the heating sctiola and 

wrapped tit-fht117 around the Pyr%:: C4:ro was 

taken to Llai_3.tain the correct sliacinz betuee-.1 



The total rsistanco per heater, including two 

2.5--foot long lad, io 21 ohms. Each lead wae 

insulated with sectionz of Pyrex tubing and led 

through a lr rich diameter hole in the top transit.  

plate (Fizum 13) to a trminal strip bolted directly 

to the top traA'ait,; elate. At th-, terminal strip 

further wiring connections were made to poller leads. 

By selecting a total resistanco per hklatcr of 21 ohms 

the furnace miflat prow) usful .,or grvAng crytals with 

..)1ting point conzidcrably higher than that of agthraceno. 

The Lower az:atiy Zon-L,  

Tivi lower heating zone consists of an outer Pyrex 

pipe section and an inner Pyrex tube section shown in 

Figures 10 and 11 respectively. Two 24/40 standard ter 

outer joints ae lz:d tc the outr Pyrex pipe. The 

miter Pyrex :L:.  in:;-alatd in the ,a.u.a ma:aiar a. t.:e 

Pymx pipe of the upper heating zone. The inner Pyrex 

tube ha o one haoter, R liown in i71;ure 16. The heat.er , , , - 

is 20 Zeet of 22 gage chromel r letance wire wrapped on 

a logarithmic spacing starting with 1/16 inch at the to 

and incraasinz to 1/4 i7:1ch at the bottom of the 3cction. 

The uaft.AnhoatJar" 'ilaz; x e iAclqi t., ,  .void plastic 

defarmat-ien which cecur-_i if the c17st.2.1 is cooled too 

quickl:. This is achieved by minimizir, thrnal losses 



FIGURE 10 

LOWER HEATING ZONE 
of FURNACE-SECTION 2. PART A 
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FIGURE 
LOWER HEATING ZONE 

OF FURNACE-SECTION 2,  PART B 
NEWARK COLLEGE 

OF ENGINEERING 
MELVIN DRUIN 
SCALE 3" - 



:'rot tha sies of the crystal and thus forcinc post c2 tha 

haat to flow unifornly alcn3 tha longth of th:: crystal. 

With tha -.1se of afterhsoator3, Sennett a..•1.1 :7,awyor (2) hava 

From Teri: anium crystals with etch pit _Zonsitio.; of loos 

than one hundred per
2
. Tha twc heiltor lauds wara 

insulated with :ection.o oC Pyrex tubing: led thro.::.r:h 

lt inch dianoter holes in tha bottom ti aasite plate 

(Fir,ure 13) to a tarr..jal strLp bolted directly to tho 

t:7utsito 

Bottom Section  

Tho bottc-3 z;oction of the furnace consist,: cr 

section o: Pyrex tubi%tL .-1!lown in Fiurs; 12. Th.; :;;:actf,c,i 

is bald against thy; bottom traasit3 plate by two tub- 

clanps. A 2 inch dinreter rubber stopper i3 placed in th., 

bottom o the section while a crystal i3 being :rown. 

holps tc ?nlvent loof, o-  ho at by convection and A.otacti; tho 

crystal contai!ler accidental break.,:,:e. 

Transite Plates  

The top, middle and bottom transite plat;.:; wora ^moved 

on a lathe according to tho din-nsions Elven in Figuro 13. 

Tho outer groove (0.D. 5 11/32 inch) houses outer Pyrex 

pip' and •th.:: iplor groove (0.D. 2 ./32 inch) the Pyre:c 

Thermocouples, rosistaaco haat:ix leads and the fbberclass 

cord parrs out of the furnaco through 1/4 inch, 1/, inch and 

1/, inch dianater ho1,5 reppactivA.y drilled in the to_, 

transite 



FIGURE 12 
BOTTOM SECTION OF FURNACE 
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OF ENGINEERING 
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FIGURE 13 

TRANSITE PLATES 

FOR FURNACE 

NEWARK COLLEGE 

Or ENGINEERING 

SCALE 3" = 12"  
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The :Addle transite plate supports the upper heatilin 

zone and divides the annuli cf the upper and lower heating 

zones. TLe plate pomits the upper section to be 

naintained above the i::elting poiat of the eolid while 

the low-Jr Jectiou is held several degrees below its 

freezinf; point. 

The bottom traAsito plate supports and insulates the 

lower heating zone.. Two I/O inch diameter holes were 

drilled to allow the resistance heater leads to pass out 

o: tine furnace to a tarninal strip bolted directly to 

tha transit° plat°. 

Each transite plate has four 1/2 inch holes "oy which 

plates are bolted •directly to the unistrat frame which 

e:Ttends Iron floor to ceiling. The unictrut zzake-.1 possible 

a. convenient operation of maintenance by pernittiAg eith.Jr 

heatin7, section to be separately disassembled by merely 

low.rins or raiAnc the bottom or top transit‘e plate 

(Jee rigure 19 and 20). 



DESCRIPTION OF CRYSTAL CONTAINER 

Many types of containers have been employed for 

growing single crystal (5,18,22,39). In all cases 

the object is to initiate the growth of a single crystal 

at a constriction or point. The Pyrex crystal container 

used by the author (Figure 14) is a modification of the 

type used by Huber and his associates (18) and by Lipsett 

(22). A difficulty encountered by Lipsett when using 

this type of container is that the latent heat of fusion 

of anthracene at the liquid—solid int,:rcac*: can be conducted 

away only with considerable difficult:. The problem can Le 

solved by decreasing the rate of descent of the crystal 

container t:xough th,; fumace. 

With the design in FL;ure 14, a single crystal can bo 

crown even if it is not possible to achieve a singl,: nucisus 

at the point of' constriction. In the bottom capillary 

portion of the container it is probablJ that th.; is 

multi—crystalline throughout. Since the walls of the 

container above the capillary portion slope fairly cradually 

outwards to the full diameter, it is hi7,hly probable that 

one of the growing grains will predominate provided the 

container is sufficiently long. This process of salf—sz.eding 

is recommended over the use of a seed crystal. Inability 

to s.aa the 11v:1.d—solid interface :._a!7es it difficiAt to 

control growth of a sued cry. tat and still bu certain 



FIGURE 14 

CRYSTAL CONTAINER 
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that the seed itself hao not beon complotoly melted. A 

second reason for usini: a lon:: or7stal container is that 

antliracone cannot ba noltd fo -lir .toLlt oricuo oxidation 

or charring at the ourfaco. Thus to charge to th,. crystal 

container is anthracane powder or fle000 which aro ooaled 

off in vaccum. Uhen molted in the fur 'ace the anthrocoac 

fills only a small section of the. container. The small 

(0.125 inch) round shoulder is usod for attachin(7 the 

fiberglass cord to tho crystal contar. 

A second cryotal contaiaer was dcoined by the author, 

Novo in Fisuro 15, as an improvenont over the dosiEn ohowa 

17,1 Figur,:,- 14. The uppor section of too container is a 

re3ervoir section used to contaia thonaterial during 

the loading of the crystal containr. -ach a 3:.- otion 

eliminates the loadirv, problemz .s:lcoutored in the orisinal 

dosicn (diaLloter of opening too snail Lid loadin; tin., 

too long). To incroaoo the pro-oaOility that only one 

sin:lo crystal iz formed, an ;L:, curve tion has been 

focloded in the deoign of Fiouro 15. T2 several nucloi 

aro fomod at the poiat of tho first ciliary ooct:Lon, 

they will zTrot throui;h the section zratil the firot 

curved portion Ic reachd. It .1.-. L'::1: 1)robaLlo that 

only one of the growLv zraLoo will bo ,;roparly.  oriented 

to crow past this section. There ore 2ive add.ltional 

curvod portions of the :-.3 curvc• 1-„Ich :,:lu3.--. onc .urvivia 



FIGURE 15 

CRYSTAL CONTAINER 
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grain to servc az; the unique oeed for 41.1 reEainder. o: 

the charge. A Pyrex skirt has been included to protect 

the 0 curve .3-ection during the loadinc o2 the naterial 

into the container. The skirt may also be used as a ulde 

when •rasins tit::: crystal container throuh the 2urnaco. 

The container i raised to a position La the furnace 

such that the end of the container (kirt) is immediately 

below the middle transit° plate. Tht the cpaillary 

point is at a point 22.5 inch -as below the surface. of the 

top transite plat  re. 



DESCRIPTION OF AUXILIARY EQUIPMENT 

Crystal Container Lowering Mechanism  

The crystal container which. is suspended in the furnace 

by a 0.034 inch-Jiaeter fibe.r:;las wire (17.t.;uras 19 and 20) 

iz lowered by tha ;;Lotor and cr train machanisn. chown 1.: 

FlEure9 16 aad 17. 2pecificatioaz are: 

"Tr 1/70 hp liodine DC ;earhead rioter, 40 i:Ich-pourris 

torqua, 1. RP:.:miram output zpeed. 

"P" In3co ..;pead reducer, odel 00141, ratios of input 

to output Jpea:ds are 1000/i, 500/1, 250/1, 100/1, 

50/1, 25/1, 10/1, 5/1, 2.5/1, and 1/1. 

"3" %liar 3-12 DC rotor controller, rovarsibla. 

Tha travela,r rod wai .rooved on a lathe with 3., 

thread;.: per inch. Cuide rinz E ..:;uides the fibarg1a3a 

Tilir• of and on tha wilain rod K in a .1.rl1e urapping o 

uniform spacing. This is aaceiary tc praysnt ovarlapping 

or the fiberglasc wim which would rouult in a vz.riallility 

o.: rate or traval. Thi..: su.lAc. rin5 R iu pr.av7.)nt1 fro;:i 

rotating by a 2 inch 5toe1 pia which ,xtarids 2rou it:. 

ba',30 to a grooved slot in t eupportiuc tabla. Two st,a1 

epur gears of 1.75 inch pitch diametar allow t!.-. windinc; 

rod W and the travel'ar rod 7 to rotat:; at the .1x:.; rata. 

Both :-ods are supported at each end by two cast iron 

pillow block;. 



The fib3rcla6s wim passas fro th:.,  winding rod W 

over two pullays mountad abova thi furnace, through a 

1/3 inch hole in th,:: top transit o plat u. A mall weight 

is attachod to tho wiru, by means of a owivol hook, which 

kcep2 thu wir taut whan no crystal container is suspendod 

in the furnace. Calibration and reliability of the lowuring 

mechanism is surinarizd in Tables 12, 13 and 14. 



FIGURE 16 

DRIVE SYSTEM FOR 
LOWERING OF 

CRYSTAL CONTAINER 
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OF ENGINEERING 

MELVIN DRUIN 

KEY 

B - PILLOW BLOCK 
C- SLEEVE COUPLING 

G- SPUR GEAR 
M- 1/70 H.P. BODINE MOTOR 

P-SPEED REDUCER 
R- GUIDE RING 

S- S-I2 CONTROLLER 

T- TRAVELER ROD 
V- 110 VOLTAGE SUPPLY 

W- WINDING ROD 



FIGURE 17, DRIVE SYSTEM 
FOR LOWERING OF 

THE CRYSTAL 
CONTAINER 



Temperature Controls  

The circuit diagramor the electrical supply to 

the resitance "7-iaters 1Z14 20 R and R4 and the 

tanperatur- control circuits are shown in Figure 1;. 

voltage:3 to R1 aad R2 are coltrolled by variable transformers, 

type 115. Th-ermoncter_ T and T, which bracket the critical 

crystal-rowin; zone actuate capacitance controller 

(Therm-O-Watch limit model 1,-6). The action of the 

Thorn.O-Watch is based on the fact th,-;once the oscillator 

head (clips onto thermonctr) is tuned, a sli;1t incrJase 

in the capacity o2 its circuit due to the closeness of a 

livid (lercury) near the sensin-  clip will cause 

oscillations to ceaso and the relay in the amplifier tc 

cl.Y-rate. The ar.7_plifier contains two 110 volt outlets that 

are turned altxrately on and off in response to the action 

of the oscillatr head. Thus the Therm-O-Watch autonaticall.: 

switches current on and off to heaters R, and R
4 

as required 

tc maLttain constant t„mperatur). With adjustabl-

thermornt,;rs, rane 0 to 250°C, the sensitivity of the 

controller iz ± 0.5°C at 215°C. The calibraio'l of the 

temperature gradient maiatained inside thu furnace. is 

summarized in Table 11. 



 KEY  
c~Γ2p CONTROLLER 
M- MULTIPLE SWITCH 
0- OSCILLATOR 
P- POWERSTAT 
R- RESISTANCE HEATER 
T- THERMOMETER 
V- 110 VOLT SUPPLY 

FIGURE I B 
HEATING ELEMENTS AND 

FURNACE CONTROLS 
NEWARK COLLEGE 

OF ENGINEERING 
MELVIN DRUIN 



Thermocouples  

The thermocouples used wore 24 gage copper- 

constantan insulated with fiberglass. Oricinally 

on thermocouple was used to determine the vertical 

temperature gradient in the furnace. This 2athod was 

also used by Lipsett (21,22). Tha thermocouple was 

inserted through the 1/4. inch hole in the top traTisite 

platy and Measurements of temperature weri.detormined 

at ten different points inside the furnace tuba w:th a 

Leeds and :lorthruppotentiomoter. since the time 

required to collect the data was at least 30 minutes 

the method was discarded. Ten thermocouples were 

installed at ten points inside the furnace tube as 

describ -1 and :lumbered as follows: 

:.aches below the surface of the top tra.iJit_ 

if2 12 ft ft ft 

22 ft n tt a :t 

;,4 2.3.5 1; 

;,5 24.5 n tt ft  

I, .5 26 ft 

fi7 27.5 " tt ft 

2.5 " U n ft tf 

2;-9 29.5 it 

n10 30.5 u tt ft ff tt 

The thermocouples enter the funlace through three 

l/4-inch diameter holes drilled in th top traasite plate. 



The thremocouple leads ar-. comcted to a Thorne 

Electric 12 position rotary saloctor :witch. This 

witch is conncted to tha potntionetor and an ice 

batt (cold Sanction). Calibration of the tomperatur 

7radiont mairAtaiased inaidc th.; innor Pyrx ts.;:oe iJ 

sunnarizd in Tabl 11. 

Details of th-e a$se2bled furnace and auxilary 

)cluipmnt ar3 presented in Fiz,ares 19 and 2O Th..: 

furnace has an over—all height of 5 feet. A loncLr 

furnace nay be zlade ;rely  by stackinz a third 

heated section on top of the upper heating zone. 



FIGURE 19 

FURNACE FOR THE GROWTH 
OF SINGLE CRYSTALS 
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Figure 20 

Two Zone Bridgman Furnace 



DETERMINATION  OF VERTICAL TEMPERATURE  

GRADIENT  MAINTAINED IN THE FURNACE  

In order to crow a single crystal of anthracene, 

for example, tho correct tamperatur_ distributioa within 

the rurnace must be established. The best form e the 

v,rtical tonperatre :radiunt within the 2urneco has 

bean discussed on pa 5.:;. The vortical temperature 

gradient within tha furnace was determined )y use oZ 

the 10 copper co_Istantan themocoupleJ installed Lisle.° 

thu inner Pyrex tulx). Oscillator heads 01 and 020  shown 

inFicurolC,wereclippedonthernometersT_and T 
4 with 

the bottom of the sensing clip at 210°C and 139°C 

r3spectivoll3ristataPI,P2,P s and P4 wen: set at 

35, 25, 60 and 60 volts respectivuly. These settings 

which w3ra arrived at through trial result in the desired 

t,mperature gradient. 

Temperatures ithin the critical crystal :Towing 

zone (2300  to 197°C) of the furnace show a maximum 

variation of less than 1°C for a period of three days as 

shown in Table 11. A plot of the average te:Iperature 

(during the three day period) versus the distance from 

the surface of the top transite 1,1ata is shown in Fier ,- 21. 

The vertical temperaturo gradient desired in a Bridolan 2urnace 

has thus been accomplished. Temperatures at the top of the 

'umnaee an3 not high lao11:11 to cau3c) decompoition o. th,; 



Tabl,..; 11  

GRADIUT All FLUCTUATIOIT FURNAGi?,  

DATE lua VOLTAGE  
(VOtTs) 

MRAIViAl 
InT, A TU16 

C 

_T!ER:1000UPL'6 ELADI10 
 (  rifv) 

P1 P2 .,, 
P 
 4 

T
1 A. 

T
3 

T
4 

T
5 

1 3 5 6 7 8 9 10 

5/1/63 10:00AMH)5 25 60 60 . . . 

1:3011 35 25 60 60 205 213 20 13:,' 54 12.23 11.61 11.71 10.81 9.09 8.55 12 7.52 6.64 5.64 

2:45P14'35 25 60 60 211 218 208 138 55 12.44 11.84 11.61 10.31 9.09 6.50 8.06 7.47 6.61 5.61 

4:301)11)5 25 60 60 214 221 208 139 54 12.67 12.03 11.64 10.83 9.12 8.55 8.11 7.52 6.64 5.61 

5/2/63 10:15/W35 25 60 60 211 2L 20E: 139 54 12.32 11.31 11.72 10.85 9.13 8.55 .1.5 7.53 6.65 5.62 

11:50A7435 25 60 60 212 220 208 139 54 12.41 11.85 11.60 10.86 9.13 8.53 8.10 7.52 6.64 5.62 

2:30P7,35 25 60 60 212 220 20 139 54 12.45 11.91 11.61 10.90 9.14 8.5) 8.09 7.50 6.64 5.63 

7:00PM 35 25 50 (-0 210 221 208 139 56 12.52 11.91 11.64 10.82 9.11 8.51 ,0:; 7.49 6.64 5.62 

5/3/63 11:00AM ..5 25 60 60 212 221 208 139 54 12.43 11.89 11.64 10.92 9.15 8.54 .10 7.52 6.64 5.62 

1:251'7135 25 60 60 212 221 20, 139 54 12.53 11.93 11.63 10.92 9.10 3.5) 6.09 7.50 6.6) 5.6) 



Tablo 11 (Continued) 

TEMPERATURE GRADIENT AND FLUCTUATION FURNACE 

all TI1E 

5/1/63 10:00AM 

1 2 3 4 

THERAOCNT TOP E ERATUR  

5 6 7 A 
6 C. 

: 10 

1:301'1.7 253.9 242.6 244.5 2242 196.2 186 177.7 166.5 143.6 128.5 

2:451) 257.6 246.9 242.2 22.2 196.2 185 176.5 165.5 148 127.6 

4:30FT 261.7 250.3 242.:: 228.3 197 186 177.5 166.5 148.6 127.5 

5/2/6 10:15A7 255.5 246.3 244.5 22:6i 197.3 186 177.j 166.7 148.8 128 

11:50Ai 257.1 247 242.1 22.7 197.3 185.6 177.3 166.5 148.6 126 

2:301) 257.,; 24.1 242.2 229.5 197.4 185.6 117.1 166 148.6 128.2 

7:00PM 259 20.1 242.8 22.2 196.6 185.2 177 165.8 148.6 128 

5/3/63 11:00A:7 257.4 20.1 242.8 230 197.5 185. 177.3 166.5 148.6 128 

1:25P 259.2 24%5 242.5 230 196.5 185.6 177.1 166 148.5 128.2 

M....ft  

Averao 25.2 247.9 242„: 22:;.9 197 185.6 177.2 166.2 148.5 128 
c.4 





anthracene. The temperature in the upper heating zone decreases 

gradually until the lowezt portion of tha top hating zones 

1.2 reached. At this point the temp :rater.: abruptly drops 2rom 

240°  to 200°C in a distance of 1/2 inch. The melting point of 

anthracene is found approximately at the mid-point c' the 

sharp temperature drop. In tire: lower heating zone of the 

furnace the t=perature falls off more rapidly than in the 

upper zone. :iowever, it is expected that the gradient is 

not so large as to interfere with the annealing of the single 

crystal. With tha type or vertical temperature gradient 

e3tablished in the :urnace, little regulation of temperature 

is reql:ir3d. A decrease or increase in the temperature 

the furnace leave.; the liquid-solid interface unnoved at 

a point 23.5 inchae below the surface of the top transit.: plat. 



CALIBRATION OF CRYSTAL CONTAINER 

LOWERING MECHANISM 

T:le cry 1;41 catta..L1-x .7;1„o4».!. 

71ZurJJ v. 1d 17 waz. a 

(ciial to th3 7,T ht of icadod 

cryztal • contiauou.31.: t:lrouc:n furilac_ 

at variou- rate- Lcv,--rnod by t71.7, col!trol 

on the ,-12 _lotor co-ltrc,11•)r. T11, M.1,:cc 

1-3ducor wa, constant at cl rLtf.o of ilput/oz.ltp..:.t 

of 1/1. Lot •  ti43,1 and aiL;t - c::nc traver.;'Jd 

The r',-;.-;titi c:i the cal_lbrztf.c:-. 

cclta:_nor Th:,1, 12, 

Tc:Lcl., 13, 74.;ur- 22 21,7ur.; 

3pc3ed v.tta:!..1aJ1-- i_ C.490 iici1,4da7„ and Jc.),;;J-

12;.9 f3ottla.x. A couparfGa.._ o: Tabl,v 12 LA:i 1; 

indlcatoz that tLa lowcrInf.; .:;:pood..1 72.:: 

pu.ttln;-- o" .5-12 

motor co.ltrclicr to .., 

21.actuatLo ,  C. Low„rviaLi4..,,d  

A voL,„;Lt (3qual to appro:L,•nat woiLht of 1oac:,, 

cryc;tal container) lomrod =oothly and colzt:1%uc..1.,1: 

throri.h 2or oZ :.:(Y1J7a 

A vero zx a- to f7.1.7 

do.ioent of 1 d`•'7, rc.t- iJ 

G.: A _. • '''' 



Table 12  

CALIBRATION OF CRYSTAL CONTAINER  
LOWERING MECHANISM (LOW SETTING) 

ic11:r -2 
Forward-atop-ravorse awitch rovor3c; 
Eich-low iLtc - low 

Inzoo pci roducz. 
Ratio of input/output - 1/1 

L'ellr 3-12  
peed Control  

,;ottin -r,  

L A2 
= 

7   7  :ALZaLri  
DMA=  

Ichas) 

11-2-1: OUTPUT  LaLai0 
RAM 
77i1,:);" -)  

5 3  7.03  1.99 ,,-,-7,-, ..,..., , u 

5 ,e. 2.00  

4 3 ,  
Q.)) 1.80 3050 

1 
4 

f 
0 12.80 1.32 3C0 

3 .... 5 ,63 1,59 -..),--,
0.A.,,,
nr% 

4.  

3 4=5 8.44 1.59 270C 

.) ,.-. ,., 11.25 1.59 2700 

2 
n A. 

, _) 
r 
U 

f 'fC, 
441.U1 

v.47 

1.32  

1.34 

,•% e-., r-  e-. 

2250 

-.') 4.06 1.16 1'1/20 
, .k. ks.) lr 1.1.) l50 

Off 7 
1 34,25 0.922 —..KA, 

Ir'.,-.. 

Off 

. 

0. 

3 . 

LJ. ... .5.:..) 

1.70 

n orw; ...,,,,, 

0.41 

1570 

320 

lo r 2‘:0  

c . 
,., 

-, - 4.,07 ,-, ,7>n Vicw‘.0 
r e^t 
44'>4. 

(3 
, 
k,  2.02 

^ .1At 
Likw4.0 

.r , 
Li..., 



Table 13  

CALIBRATION OF CRYSTAL CONTAINER  
LOWERING MECHANISM (HIGH SETTING)  

3.12 
Forward.3top—revere .;.tritch 

31.1itCh 

Lroco peod roduc:.:r 
latio of input/output - 1/1 

ilolL:r 3.12  
•:p, Co7itro1 
Sett inr:  

Lori zvy;  
7.1 .12.,.; 

1.. -13,1 

.,.-..!a .;.,:zeied  
Diztanco  
Lowered 
(incheA 

?LET Outpqt  Loa. 
xi,,ve  

- actiae;.3 '  

5  ,It 
0104 2.36 400C 

5 5 J...330 2.36 4000 
/ 4. 3  7.72 2.19 3710 

4 r ..) 1 4 ,..1.0 3700 

..:, 3 ...,./
,„ 1.90 3220 

e 1).58 1.92 3260 

1."7:3  e....is.A.; 

2 3 t;Ili,* ... r70  1.63 2730 

1 3.5 5.54 1.37 2320 

1 
_ . - 4+75 1,03,5 22530 

Off 3 -'c::,-,  3./4 1.11 1 8 80 

Off 
.. ) 4.00 1.13 1920 

10 5 3447 C.539 IWO 
,n  

0•54 000 

1.64 0.348 591 

0 :.,  2.47 0.34S3 ... 4„, 



TABLE 14 FLUCTUATIONS OF LOWERINGSPEED  

- 
Tlor -v % 'tc 44; 

control - 10 

Ins:xo ,poed roduc.:1- 
r-,:z1t..lci of ir...0-,:_t/c::.t.„4:1 -1000/1 

Dc,tc.: 
1111•11141110 01. 

 LOI.7Qr1-;,.  
....01 /M.II. 

i L.•-• ,'` , , 

.T'-a:.;,,Ir‘d  
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Lo: 
,1,.a. 
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---... 
:,:ouar e2 
'ilviat:Lon  _ 

,-,— 

IP a/M.1.1101f. 

(.:.,1 -.... 
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5 / l 1:20 KT 0 7-: . C , ,,,, n ,.., 

,..r 
13 -1 2..e, .:( t f)10 

.4., fir ,.." 4...-a ...4..• 2.,L,1 (--;., -...",,, +0.012 1.44 (La -4 
r...,, 
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Vie  11:50 A'7 5:270 aY7
(4i- 
 ;. s .-'0.

OLC ."0•001 1 :1C... ) 

6r 11:05-ATI :;50.3 
..., 

) . .-.) - G.944 r - •
,., 

-3.00. 
...: . n ••• I . ) ),... ki. 

6/7 2:30 El 1C.1150 
.. .... 
u.u,.., 0.944 -0.006  

-• 

0.95C 
0 

L a _ ...t  
,,,, 2.17 (1O )v,  

r z't .,andiura v4.a Ion t 







nt Via saL:ctd .3etti,7 t71.c: ...-at cf dcoccnt :la 

t:t2c; furnacQ CZ:A bo :laintand i:lt c ;;ped 02 

0.950i 0.005 inch(4day. 



PROCEDURE FOR GROWING CRYSTALS  

Loading Crystal Container  

The rlat:xial to b,; rozda-;le cr7stal form 

is first pulveriz • :d finely by cruahinc with a clean 

Jpatula, e.a a :la-s watch :zlass. The nntorial is 

coll2ct3d and iatroducQd into th,; crystal ccnta.L:iu 

(Pe 14), which ha:: previously been cleaned with an 

alchohol-Aodium hydra:zide cleaning; solution. Approzi-

matel;r 12-13 fya:....s of matixial arc; pack::d ti;:htly iato 

tho co,itaia,r to a of 12 inches. 

con-trictio. is pu1l in the crystal contain:r 

above the rounded :,houlder. Th.;. container is then 

.:ivacuat'-d until a pressure of 10 microns is attained. 

Care must o,) tah.;n at th- start of evacuation that the 

powdered :aterial is not drawn out of t container. 

This i9 accozplished y contro1lin7 the vaciu 30 that 

the initial pressur.:: drop occurs slowly. Ai: Llert 

atmosphere of helium or - itrosen gas is introduced into 

the container and the contents are acain avacuatJd to 

10 microl, or This procedure is repeat.::d ) or 4. 

time to sy%.g.4. out all air and the container is 

alc off prviousl: made constrictio:1) under 

a total prur,J o: 10 microns or lass. Thi cryst: 

-rocm i% aa in_rt atiJosphars 5o.cause matarialL. 



anthracono ;lay not be melted in air without 

oxidation or chart.eing. 

Insertinr, Crvatcl Container into Furnace  

Power to the furnace ic l'iret turned on. Pouer„tats 

P1/ P2' P and P and Thorrao.O-1.atch controllrz C1 - C ; 4 2 

are cot at the neces5ary value::• in order to obtain the 

required vertical temperature cradient within the furnace 

(Table 11). The fiberglass cord is lowered out of the 

bottom section of the furnac_. T:13 snail wei3ht which 

Iceaps the wire t'aut when no crystal mitainer Ic 

cuspondd in the furnace is ro:ovad from the .zivel 

and ie replaced by a sling which 15 attached to 

the crystal container directly below the snail round 

shoulder. The fiberElas5 cord i3 wound up on the winding 

rod U so C.13 to raise the cryetal container through the 

lower and upper hoating :_ectlais at a rata of 4(.;1 

day. Raising of the crystal container ,rocaed_ until 

the entire container is in the upper heating zone which 

is maintained at a talaperatue above the melting point 

of the material. 

Loweric of Cr:;5tal Container  

When the naterial is molten (after 2 !a-a-.), the 

crystal coltainer is lowered s:xothly and continuously 

through t'le furnace at a rate of 0.950i 0.0085 inc:lez 



per day by the ,;ear trai•.1 mechanism sham in 

2izuros 16 and 17. 

DurinG the descent ef the cry3tal container, 

the ton thcrraocoup1,1 temperatures are masur-!d with 

the potentioueter in ord.:r to check that all heaters 

ar..) functioninz; properly. Observations of the proLress 

o2 and zyouth are performed by viewing the 

crystal coatain,Jr throuch thJ small holes cut in the 

outer riaole.,:sia. illsulatioh. The lot erinc rate 

e".::Lad by wJeauurf,n:; the actual distance traverses: 

for a ':iven tine int,:rval. 



RESULTS OF GROWING CRYSTALS  

nen t growing single crystals the operational 

procedures and furnace described previously are 

employed. The methods described have been used with 

success to produce single crystals of anthracene and 

ethyl-p-aninob-mzoat's with diameters of 1/2 inch. The 

operating conditions are summarized in Table 15. 

Anthracene (blue-violet fluorescence grade) 

Blue-violet fluorescent grade anthracene purchased 

from Batheson, Coleman and Bell Co. and used without 

further purification was grown into a single crystal 

with dimensions of 1/2 inch in diameter and '. 

leangth. The crystal was grown in a helium atmosphere 

at a rata of 0.980 inches/ day over a total period of 

twenty days (June 12 to July 2, 1963). During this 

growth period temperatures within the critical growing 

zone of the furnace showed a maximum variation of less 

than 1°C. The average temperatures at ten positions 

within the inner Pyrex tube are shown in Table 15. 

Discussion of Results. The crystal shows large 

sone: of .:ingle character, gross evidence of the presence 

of it (aap.thacene) and several faults az shown 

in Ficare 24. The crmtal is not clear throw;hout. It 



Table 15, 

GROWING  SINGLE CRYSTALS  

AATERIAL TIJ.: 
PEFI D 
(flA'T) -(-°C) 

VOLTAG.  
(VOLT'S) 

MR:MIMI  
riERATatn  

), 

AVERAGE rilt;RADCOUPLE  
nEADI7fd 
177-. 7 

1 
PPPP 

2 3 4 
T 
1 

T 
2 
1" 
3 
TT 
4 5 

1 2 3 4 5 7 9 10 

ANTHRACEM 20 
(Blue-Violet 
Fluor.)Grade 

31 25 60 60 200 213 200 139 5A.1.54 11.4 10.95 10...)1 .72 '.29 7.4 7.32 6.59 5.58 

AtITIIRACjin 24 
(From Dimer) 

31 25 60 60 19 210 200 139 56 - ... 10.94 -  .71 .22 7,,C, 7.*;2 6.5C: 5.58 

ETHYL-P-AANO 
BENZOATE 2L. 1:; 15 35 30 9,, 101 48 35 .. - 4.43 -  J.20 2.5') 2.j6 2.21 2.03 1.87 

* Controll(1 by Thermo-O-Watch Controll C1 and C2 

- ThormocoupL: Faulty 



Table 15 (Continued)  

GROWING SINGLE CRYSTALS 

MATERIAL 
 . 

?iIQD TENPERAT3R4  
AVERAGE TqW4;:JJPLE  

(ne ' . 
1 2 3 4 5 6 7,  . „ 9 10 

ANTHRACVE 
(Dluu-ViolA 
Fluor. )Grade 

20 241 23.5 230.5 218.5 1:39 180 172.5 163 147.5 127 

Anl:IRACE 
(From Dimor) 

24 - - 230.4 . 1;18.X) 179.r3 172.4 163 ' 147.4 127 

ETHYL-P-A141NO 
nENZOATE 

2 - . 103.5 . 
. 

76.7 63 57.7 54.3 49.8 46 

- Thermocouple Faulty 



FIGURE 24, SINGLE CRYSTALS; Anthracene (Blue-violet 
fluorescence grade), Anthracene (from the dimer) 
Ethyl-p-aminobenzoate (benzocaine) 



has a lii;ht brown colcr throughout tho main section 

and a dark brown color at .1S h•' end. Tha impurity 

concentration of the crystal is not of a uniform 

natum az demonatratad by obaarvation under 

ultra-violat light (310-375 millimicrona). The brown 

portions fluoraace a variety of shadea of graan 

eating variations in naphthacana concentration. 

Anthracana tpraparucl iiractly from tha climax.) 

A 51n43 crystal of anthracena was prepared 

diractly from its dimar, dianthraceno, with dimenc-ions 

of 1/2 inch in diametar and 4 inches in length. Tho 

crystal was grown in a nitroan atmosphore at a rat:: 

of 0.983 inches/lay for a total pariod of 24 day 

(Aug. 24 to Sept. 17, 1963). Praparation of thy .;imar 

by axposin.74 a volution of anthracona to ultru-violat 

light waa previously diacuaaad. Tha dinar was than 

loadad into the crystal container and inserted into 

th Airnaca. Aftar a pariod of two hours during which 

ft was expo: ad to t-r,peratures slightly abov the 

malting point o: anthracene the dialer was convLxtad to 

aathracona. Tamporatures within the furnaca show-d a 

maximum variation of lass than 1°C during the 24 day 

growth period. Av.:raga temperaturaa at ten positions 

in the furnaca tuba are shown in Tabla 15. 



Dicussion of Results. The crystal shows large sones 

of single character, gross. icxic c the pruseno.: of 

itpurit :; (ap7.1t:lacen,i) faaltL; as shown in Fizure 

24. It ;..1a7 i fiat t::.; crystal contail3 a rmater 

nur.f.ier of faults :and :%ore .:ections of a polycry3talliae 

-lature tl'Ian does cry.,tal 4rown :ron th; blue f1uor...4c-nc„ 

crude as:thracene. iuku2ity coacntration of th::: crystal 

b;co-s :;reat,r in the dirk:cticn ofiTowth. This nay "a‘; 

ob.;:rvod bymn of ultra.violet licht. 

:Ton,: attention must b,.; paid to the purity of th 

erarfe to th container aJ this has a definite 

in$1.1=ce on the resulting, crystal. Fluor.zscence analy3i, 

of t:r hi viol.t ,ra(1a D:LthrL.cane and the technical 

anthracen puri.7i4d by t2h; (Ii.rization method establish the 

inpurity conccatr.*11ion- and 11c: ppm naphthacJnL; in 

anthracene. As de:.!on.:tratd, the --,rt.latar the inpurity 

concentration in t' ±iti char i.:e the crater th.. j.i1 up 

o2 impurity in th.; diroctic.L of !Toth and tha creatcx tha 

nunb4r cf Zault-. 

%thyl-p-ani.lob.;nzoate  

Reccont iTadc: .;thy1-1,..aminob.-.11zoat,i (benzocain), 

purifi,.;1 liy ,I.;thods similar to those previously 

discuad for :;.:-.thrac-ne, ila3 „ram into a 7 inch by 1/2 i-ich 

dic...,7.1,Aer sir:EL; cr7stal• Th crystal vm-Ls :Town in a nitrog.:71 



t;ao:;phere at a r,4t.c,  of 0.97,) i...chez/day for total pericd 

of 2 days (July 10 to Au3. 7, 1933). Tcg:v;raturQ5 in tho 

furnace pror 'were 2.oasur,:d by tho iron-constantan th'erno-

cc-Apl,:s at tan pollnt,:; inside th,i eurnac3 tub,) and show 

!'.axinum variation o: 13s ' than 1(t. Avera77c t-)1_paratur,-:3 

durin;_-; the crowth ixiriod are shown. iA Table 15. 

Discussion of Reults. The crystal shows lar zone, 

of Jingl.) charactr and littL Ividenc- of the prasence o 

impurities as showr, 1:1 Figure 24. Then:: ar nany 

1114iell rribi air bub.JleJ. These faults velro crcat3d a6 

a rcsult of th,; container unuer a nitrogen atiuocphro  

o2: 1-2 pounds/sq. inci• ::,aEo, instead of tho usual pressur._ 

o: 10 microns or 1,),ss.JL th colltainar was heated tho 

nitrogen expanded and bubbled through tit, naterial. 



CONCLUSIONS AND RECOMMENDATIONS  

A furnace was uesignud and built for -1-owing of 

larca sinzl- crystals o: orz;anic compouads by tha 

Bridgman techniqua. Single crystals of anthracena 

and ethyl-p-avinobenzoato with diameters of 1/2 inch 

hay,: successfully be3n rowi in tha furnac-. It laaz; 

,xlen shown that the purity of the initial charz:: to 

the crystal container has a dafinits influence on ti,: 

raz:ulting cry_tal. An improvad design of th..: oricinal 

crystal container, with a priLary viaw to inaura that 

only one sinrk. crystal iu indead formed in tha process 

has bn parfomad. It is beliavad that thi co,itain4r 

will alimillata many of the problems onceu.at.:.rad by 

this author in tha procas of crowing singla crystals. 

High purity anthracane of fluorescent quality has 

bean prepared by multila co-distillation of 90.95 

p..!rceqt anthracene with athylae clycol. Althrac,;ne 

pri*arad by this method is purar than zone refinad 

anthracema, having a 0.470 ppm nap:Ithacene content. 

It is bal.:Laved that this matarial will L;a Ldequat, For 

cry2tal z7rowth and ;;ubasquo,nt al:)ctrical 

Co-distill-tioa is generally applicable to any orL;anic 

cmpoulds which are of intere,;t as saniccaductor,.. 



It is rocommended that a threo-noch, two-liter 

Pyrex round bottom flask be substituted for the 

reactor of the co-distillation apparatus which is 

currontly in use. Larer quantitiao of pura 

anthracene ioay than be produced and with a 

Thern-O-Watch limit model L-6 the temporatu of 

the oystem may be controlled Lore accurately. 

Zone refining of anthrocono is not roco:Inend 

althoush it producos an excellent quality of material 

bccauso of the excoouive number of z000 paacas required 

and the rolativody sria11 size of charge. SiLilarly 

onythotic proparation is not roconmended because of 

the relatively complicated and tedious proceos involved 

and the small 7ioldo of satisfactory anthracone produced. 

A very simple fluorosconco technique Zor quantitative 

analysis c2 traces of osphthacane in anthracene has boon 

developed. This uothod enploys a colloidal ousponsion 

OX' the saple. Sensitivity approachinL 0.1 p 

naphthacenu in enthracene has boon obtainad. For rapid 

ooniquantitotive analyois, it provides a visible 

fluoroocenco color correlation with the lavol of 

impurity. The method io convenient to use because it 

employs small sample. and uncouplicatod nanipulativo 

tochnquao. 



Further ,s!ork .1:2 reauired to acterina tha ultimata 

sensitivity of th,.: 21uorescnc technique. The 

sensitivity of this thod can probably be extended 

to 0.01 ppi naphthacene contant by deterining t-1-1 

optiaum colloidal concentrations, usinc a purr 

standard prepamd from co-distillation and "by 

c.ployinE a more sensitive phatonultiplier tube 

particularly in th.) 510 mu range. It is recommended 

that an R.C.A. 1P22 photomultipliar tube, which is 

twice,  as 5- ensitiv at this lavel, 1>a usad in placa 

of the R.C.A. 1P28. 
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