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analysis of trace: of naphtihacene in anthracenc was

aevsloped which cmploys @ colloidal susponsion of the

samploe  Sonsitivity approaching Cel ppm naphthacene in

ars

P

anthracence iz readily cobtainavle. The method is convenient

te use, invelving only small samples and unconmplicated
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manipulative techniquase. For rapid sermiquantitative
analysiz, it provides o visible fluorescence color
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z ouvantitetive anslvtical raethod must Dirst be detereinad,
sazrsibive to levels bolow one part per miliion. Secondly,

a2 critical compariscn of ths sany purification techniques must
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be conductede Finally the highly purified sawmples must Do

crown into single crystalse

Conductivity Studiss of Anthracens

ST

Aathracens is found in very small amounts in cocal tar.

- poiat of 354°%C {15)

. . . o 1 n ams
It has & nmelbing point of 217%(, a beiling
saee in ooth the crystailiac

X

iz a monoeiials
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matoriasls studied in dotall as orpanic somiconductors are
menoclinic and veleny bo the aspacs group Cgh o« Authraceus
axhibibs sorme conductioy (cc; idered te be cleetronic) ani
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Ceonsideradle published inferumation on anthraceasc 2xists for

corrchoratione For these reasons this investigation is
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that it iz dosirabls that investizations b dons on the

Anthracens oxhibitz anizotropy in clocetrical
characteristics and beth mousurements cf the temperaturce

dopendence of the conductivity and encrgy Zap ars reporitad

to vary with different crystal directions (16). Ilkasurcmonits
o1 polyerystalline maebterials such as corgresssd powder sdanplis
and svaperated films are not considared very reliable for

AR TN e ~ oy o 537 o IR s LT oy N o - - o
this PSAsSon, 45 wais &8s Lnioriac al ‘E_NL.LE;C‘D:; and the rols o

surface conducticne
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Thie Dlucrescanes of anthracenz znd of the gnthragence

i
one part por illion {ppm) ol naphthacenz is reported (32

2

dlereerystalline susponeicons {3), potassium browmide pelilots

oy

L3}, and in dilute scluticn (12,32,37). Naphthacsne

1 . “ , - N oy ~ el o - T
fluoresconce in the pressnce of anthracsns has boon
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(12,13,32) and with anthracenc-coated screens

Pure crystedlis
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fluoreseence {(32). Heowever, in dilute solid .
anthracensz, thz normal blucv-viclet flucrescencs ol sathr
iz aluost completely quenched by the sreen napihthaceno
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napothacone selute Uy wesans of sensitize

{32,42), or by cxeitaticn wipration {11,12,13%,27).

. - P ey sy
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erystal lattice distances elther by fusion or Ly a liqul

= o Y o -, Va < -
scivent, tho enercy transfer cannot ccour as reodily as
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in anthracoenc,
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of dilute selutions is blus, Spectronetric moasurcenont at
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but the intoenzity ol " this Dears ne sipgnilicant roelatlenship
to the naphthacene content.
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and naphthacene peakse This is demonstrated in the date

of Tab.es 4,5,0, and 7 for naphthacene cencantrations of
Oefhy, 2244y, The7 and 291 ppm roupectively, This can probably
bz attributed te the sdxing gperation of the standard
alechol sanple with the distillzd water, which Jor cach run
sn rosult in oa different particle zize in the colioidal

phasce Dowen and Lawlasy {3) woasursd the fluorcscence of
mierecerystelline suspensiocns ol anthracenz. They raport

that the intensity of the aathracenc :emission peak at

LG5 wa inereased as the anthracsne particle sisze decreasess
They pestulated that thesce results occur "heecause much of the
fluorsscencs is unable to cscape through the large {lat
surfaces {of the particles), and undercoes mpsrous

refexions within the thian layer, emer:sing at the narrcw
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perticles with greater spocille suriace would show groater
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and the bettom ¢l the cone cgpuninge is 45 rm in width,.

Suplimate foros on the inside curfaecs ef the cone and igs

éazily romoved Ly sceraping.  The oystom is zvacuated bo
sreury by a mechanical vacuwn pump. Heat

oil bath by a heating mantla,

aportant not toe hoeat thée systsr tefors ovacuation

sincs anthracons oxidizes at sleoveted temperstursz in air.
- . s

h2 terperaturs of the system is kopd constant at 110%C by

~ . -
& Thorno=0O-Watch Controller, linit nodel L=5.

Bagultce. Sublinaticon groves to oo 2 Jar superior method
Tor purifving anthracens than the recrvstallization nethod.
Crude anthracsne subjected to sublimatieon (sawmple 6) forng

v2llow powdery crvstals containing 26 ppm naphthacenz. 1o &

e

¥

blusegreen as

colloidal suspons

axhibit suecessive changzs Ln color from whits, yeliow,

Sublimation should be suspended vhon

A second subliimation dees ncet produce a purer precuct,
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Dimerizsaticn of Aathruecins

Waen soluticns of anthracasne ars axposcd bo aireed

r ultraviciet ight (510-375 nililicicrons
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nert and sparingly soluble coumpounte The reaction iz

clectronic chbate rou which swission can take plact. Thoe
voteculs is hishly esoctive winile in thiz state, and i a
substance with which it can react (s sccond execited

-

anthracen: rolzcule) is present, reaction may occur baicrs

4

tne meleculsr return. ve spround sbats with Tlaoreseonca

sridszione.  The roscting noloculss ars guenchoed® and the

LT e~ « . - . . a . - S, 2 0 XL
Sivor should show no Flucreccanes charccheristicse  Thoe diveor

ix proportzd {05} to rwlt ot 270-200

e e
Co LG e0sy

sxperimentald Woennigus. A G138 Lo GWo por cent solution

o crude suthrecens in xrylonc is irradiatod by wlirasviclsetd

Zight {31075 millivdicrons) for poriocds up te sevenbion

nourse A lacs copling coll iz incerted into thsr reactilon
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beaker to keep the temperature in the range cof 21-3100. A
masnetic stirrer is employed to increase the surface area
in contact with the ultra-violet rays. The insoluble diner
is filtered and wasiied with fresh solvent. Attempts to
subline anthracene or other volatile impurities from
dianthracene at terperatures below 200°C and pressures of
5C microns showed that such volatile materials were not
present, The dimer is converted back to anthracene by
heating, in a nitrogen atmosphere, to 130-270°C. The
decorposition tenperatures of the diner were studied by

neans of differential thermal analysis.

A second method of converting dianthracene to anthracene
was erployed by subjecting dianthracene to repeated zone
refining in a nitrogen atmosphere at teomperatures slightly
above the melting point of anthracene rmonomer. After five
passes of the heater, (1.3 inches per hour) the dimer is
completely converted to anthracene as noted by the coumplete
melting of the material in the direct area of the zone

refiner heater.

Naphthacene (Matheson, Coleman and Bell Co., catalog
no. $082, melting point 340~342°C) was subjected to the
sane techniques as described above for anthracene to determine

if a dimer is forned when exposed to ultra-violet rays.



ZATION OF ANTHRACE:W TO DIANTHRACEL

Run 1
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T I PERATURD , PoR CONT
SOLJTLO0 YA

(OC) zmt}o;

c 21 C C

115 27 00005 15.5

235 29 1.23G4 22,
445 31 1.2771 4249

SN
L
(93
.

et

242565

N
[
*

Y

Run 2

Charrne = 741607 7. anthraceiz, 75 mle xylone

L_“ IP R&E’U& YioLD PLR LT

{zremc) ot .



Resulis The conversion o) anthracons to dianthracesns

g ay Y . A \ O S
& funeticn o cxpesure timo iz

swimarized din Table 10. & study o tho theroal decompesition
Lanthracene by weans of diilferentizl thermal analysis
cith

indicatss & molting point for the dimer of 206.,3%9C.
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sanploe Howoever, with siow heating rates, de
started at 1609 and coatinued at an accelerating pece
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re=ireczing showed couplete reconversion to anthracenc,
selbing ab 214.5%.  The zens refining of disnthracene, a

itarature, con-

ct
(U"
e,
5
[N
£
c
)
ot
5
L
[
CB
f
(€
|2
i
¢E
!
O
N
o
O
£
=
o
ct
)
(v}
’_d
{-'e

rizids of bDluse

t a rabe ¢f l.s inchos

{3

[ B R - - P yo . o~
Sluorsscent anthracene (42 passes

per hour) .

Aﬂﬁivr;; of the dimer by the fluorcscence technique,
shovn in Tabls © indicates that the dimer oxhibits no
Sluorssecnce chracteristics as prodietsd by Pringshein (32).
Pure naphthacene did not Form 2 diner altsr 10 hours of
exposurs to ultra-vicielt light. This would zecnm to indicate

that coiplote separation of anthracenc and napathac o ic

poszibie by the dioerization tuchniquo. lowewver, flucraucen

LIS

x -

analysis o the anthracene Forned (saxpls ©) Zrom the dimer

which has been decomposed back to anthracens does not



appear to show a signilfieant loprovencat ove wntrxat
crude anthracenc. It iz postulateld that thoesc roselt.
geccur Rucause naphithaccone dimerizes to some zxbtent when
in selution with aanthracenc forming sither g naghtaacene
dimoer or & nepihthacenc-antiracens dimere. Tnls can Le
related to the faet that purs naphthacene shows 1o
Tlucrescence characteristicse In a selid scolution with
anthracens the naphthace&@ Sluorscsces by nmeans of

sensitized fluorescence or excitation migrationes

In a similar nmanner the nsphthacene wolecules are cxeited

inte the clectreonic state where they are highly reactive

and can rezact with a sccond activated naphthecence wvoleculde



Co-Jdistiliabioar ol Anthraccns

The co=cistillation ol anthracenc with sthylone glreol

b PGS T,

{$) has been uscd by Jikada {25), Peazle and Swith (9)
asicant (25) to produce anthracenc cquivalent to

.4

2
commoreially availavle scintillation grades,

1

Apparatuce The apparabtus used for co=digtilling

anthracene iz shown schematically in Figure 7. The design
of the apperastus is a rmodilication o one cungested vy

Mfasicant (25). Tho condenser chanmber consists o a & inch
0sDe by 15 inch loag scction of Pyrex. The chanber ic
loosaly ifitted with a Zrooved aluminun top containing
1/t inch 0.D. copper tubing which serves as a cold Jiager
condensier.  The aluminum tor also acts as @ safeby releasc
in case ol oxecssive pressurze A nickolechromiun wire

A

seresn is placsd in the Lotton of the chembor to colil.ct
condensed anthracona. Thrs roactor is a twe=neci, 500-mnl Pyrex
round boltbteom Jlaszke A pius ol cotbon is placed in the
connccting scction betwren the reactor and the condenscr
charber to provent vapeors froam {lowing dircetly into thw

bottom of the condenser chambere A 1/2 inch resistance

heoter tape is smploved to prevent condencation of

anthracsene in the 3/4 inch Ol.De oide tube. Hsat is

- e 3 M oo o g k2 BTN ooy o B Fad T o PR P
are ball joints teo enable assenblane of the apparatus.
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~ ALUMINUM PLUG GROOVED TO FORM

r 5" ;  AIRTIGHT SEAL WITH 4"0D. PYREX SECTION
te— 34" S ‘
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L |
'BALL AND SOCKET
JOINTS 3920 -

0D %" WALL ,
THICKNESS 3/32"

FLASK JF-3470
ROUND BOTTOM
DISTILLING FLASK
CAPACITY 500 ML

FIGURE 7

CO-DISTILLATION APPARATUS

NEWARK COLLEGE OF ENGINEERING
MELVIN DRUIN

SCALE . )5"=12"




Yy yote o e, - 7 - . 0 4
‘,,L‘..p,r:" FRiEpe V=S LT i 2 e LWCT :4 IV

.

cngeereeryatallined antiiracons and 300 =l of

2

ircetly into the round bottan Jloske

lvcol aro

o the reslictance tgpe and the

[ JPUEPRPRE S X - T gt am . e
Poworstats supplying power

R . & TR S wwn g ae g ST | Tt
,Li..égu.i.ilg; :Ai».a.le SN ,Jv‘t S \/5 PETHLON .LC}G VOLGS

LR

oy woll g2nd on the wire sceroen

ceyeled back to the rownd Letbton

U S PR S e
Tiovasd albor Je=l0 h(}’;lr.;o

DU W LR B N
vashed L or 5 times with

~ .
Antoracens I

SUCCA3BLVE various

PN . PR, PN S R >
resudts arc roporiod Ln Tav o Y

o "; 3
-..uu.... racle

"“" > 4 a2 - Ty
- t“TmCJZ}u WIaL 4LS

o . e
an roport

wacone with o

v—-:

P O . P ¥ <3 2= - >
boehndguzs The co-dizntiliation ol and

clrecd sovos Lo oo Pho oot superior gurd leation tu

fon

T ¥ 1 ey IR eam Loy Ly T g 2 gy T . S S
SROCRNGLToU (gau SLURIN Tle The natorial oo owtalned is
1. s . I T L 3 " e P e N vy o3 3 'S
pelieved to be adeguate Jor cervotal srowth and cubsequont

cloctrical moasurars



co=g

Sk

NG e
REPRVES

anthrace

that washs

nob nag

111

el

PR
ati

: ~”
awhe Ay

B g

v g e Ty,
ERaw Lid 3 Saf

HO R VIS S E TS

C

A ot g
e 2 A e

o=d

w

Lol

liations

ha

anthracone

G LOCA AnNnElane prouuce 3 F
gy . 5 ' [ P Ta e
cone ¢l 2.50 ppu, 1020 ppm
. N T A  r Sy
contonte t is gpparont tha

e, oy
PR

Marer than con

¥ 3

“1A

~
ol

. R SO 4 " -
cratheticeldld

54

. he IO
rcially

¥ OPre arides

avallabt

i
T

T T . P . PE -
antiracaens prepared fron

ey B ey e TR A ey o . [y
ontaing .00 ppm naphthacens.

AT 4
CUCCe

2P and 0.00

Zone Refinins of Anthracoenc

The thoory and techaicgue of zowe refini
discloscd by Pfana (30) has been
by deninston, Handlov and Cook (17),
Coorny (7). The basic for zone refining ic
in one direecvion of a series of meliten zono:

or

o1

Z00S

]
R

Bohe Q‘w'

details of the
7 can bz found 3

point ol

in the t

¥Er Ty e Ad

1&»».L, LIRS

the

Fy
e

ol

1

v

EREN X

i

L7

P T

-uL‘uJ_Aws;-,

a2t ar
TL Ak i Bt 2

w3 VR .
and U470 BRI

-
d

throush

418&2‘\ )x; ?

purifiication of

)
haesis

t

Iy

i oabil

anth

as

T N
AP L

-

Wwone (L4} and

applisd to crzanic comyg

.
&

ravol

W

vl s

O

T b 35

ity to raice

NG

iz (7).

&

-

b



straect i

wa

A ;

<

¢

i
YU

4

I

3t

4

L)

3 ot [

el B
wd O g

RO SO i

3 :...A .x.w g}

‘"; 4

1

1521

k%
ra
at 50 zo

=
2
e

D me .

o oo
[
ed 33
nv4 .h.“
ot

loyed

ato
1Y

T
Rt

..;

3
-y
=N

L

Jor
W2 TTGC OU PG

—~

4

)

o

.
U x

=

iyl

Der

-
k.

S

a

il

Q
4
5

L.

on
sl

-

cri

7

The num
raed

t

]

iy
FagLe

N

S
S

c

E)
H

1Y

S

v
D
-

9=

3
L
P

4

w

¢
g to t

P
[=9

"
Ty
if
KO
i nd

~

e
4 Prrex tul

e
¥
=

1
o=

-

*
TN P g

ekl b

<t wure

4
82

£y
o

anthr

TR
I

JLEI A A

4
)

|
o
r

C

o
L=

2

A3

]

v
2r

ps
%

£

'

S

£ l
P

vy

e

7

4

Fads

e
P

ot
iai

+

r

EA

»

recoe

By
[

N

“
A SRR

YR
3
Z

mat

2

al te
LA nk

kX
iy

3

3
L

o tho

Ty

tor
o

il

2 o
~
Y

i

o

Pk o




'é:hh
pa)

naphthacsne contun The nmai

EApY 3y e g . N o Pl .

cnibe maln disadvantagzes of zone
P A g A i - Sy

refining arc ths sxees

o SHCEIHLVE nuUmDdeYr ! a0nS passes rogquiraed
L G T . oy e B S amen Ty s e oY e
{00 passes at a rate ol 1.5 inches per hour) and the

s

sizz of chargo.



LE

g
o

LT 43

T1ogmy
o A

icatl

:
Li

f
. P vy
ST e R

&)

k)

2ONG

&

Yoy

f 4
e hser

s washing,

By

TR
"Ey ed

-

Liicad

’r«
Jig

o~

N R
aﬂ'\i&4r&cam:«,

iimaticn,

ubl

b

Ee

T
SRV

£324

217}

fr~

A

+ ": “ Y
u‘m.s-é.n’!.

~5a

0

xS

+
|

3

r2eryv.

Co=d

arization,

4 .
3y
La Ry

o v gy
ratcda

investi

on

R

v
Y

havae

ude coal

oth cor

-
i

wwhracens

o

x
g

2
3

hr

L
4

t

puri

;3
¥ e

H

k!
nan

rde Ty
LR TR

S0

o




51

ETHODS OF SROVING uINGLE CRYSTALS

Ty

A single crystal ic a menolithic solid in which thoe
moliculos are arrenged in a regsularly reposating pattern.
Jany techniques have boen developzd for growing singio
crystals of orcanice compoundce It is thoe gurpese ¢f
the author to grow organic single crystals with contrellod

amounts cf crrztal impericctions and selucted Impuritico.

This involves string eguirercents both on the saeloction

ol the nethod of crystal growth and the impleneatation

Pl - - 3 e
ol the technlous.

Tn senerel, the rethed zclocted for the orovih o§
single cerystals depends on the chemical propertiss, crystsl
structure, and the 1elbi 7 peint of the ratorisl. Duz te
differcnces in these pregertics, o msthod suitable Tor

-

gy an win 7 B g . -+ Ty et e O T,
% s ervstals of one matarizl mavy bo nite usciczs for
L A\ o

auncthor malerials. flany trials are oi'tzn scecusary balor:

peod erystals of a given matorial may be produccie. Crrstals

o

sroving is often nore a cowmbination ¢f art and Miivine faitht

£
.n
}

than a gsciznes. Duckleor (3) has writtsn, "It should be
rerembered that, in the propargtion of larg: clear crystals,
the touch of the artist is aboubt ac impertant as ths

application or cstablished scientific grinciplos.”

Frorm Subligmsticn

{2 i yryor oy o ] B o Eal 1 ; T Ly e . — g s L3
Single ervyastel lekes of anthrace have wosn proauced

¥



by Lipscett {22) and Hakada (25) by means of sublimatics.

n 1 - - o, [ PTR * .Y 3 3 e 7
The chicfl advantagzes of this methed are that the crystad

grown iz not contaminated with e sclvent ana th: crystal
flakss are ceonveniznt Jor resisvivity measurernents ao

A is not requirceds lowever, crystal habit

o
(]
}‘.h
¢
bofs

{ucleation orientation) cannct He controllis

From Sgluticn

Technigucs for growing single cervstals of anthracons

7

~

have bocn reported by Lipsett (22) and by Xallman and
) Advantages of growth of erystals from soluticon
ars that less demand iz placed n powsr supplies, low
terperatures well below the relting point of the pure
rloyed, and the problem of finding e

x

suitable erucible naterial is noneexistents Contamination

oy

ol the crystal with a scivent is & probleme The rate st
which erystals can be grown Jron solutions is gonocrally
much smaller than the rate of growth from the purs melt.
Common retes of lincar growth rem solution arz in the
order of 107% en per hour, whils rates Jrom ths purs neit

ars centineters per houre.

From The kit

In the past thz most suceessful tochulque for praparing

singlz crystals has Geen growth from the melt, composition
of the melt Deing niar that of the desired ervstal. Adthough

¥ o g Ty 3

St o AR e o E P T SUUR S S T _ s v}
LATIG o a e oy .f-,'xv;ﬁ:':l.:.:w.p the sethos o Lcuibosnis o Lo SEOWLY
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of orzanic crystals. The main advantages are that
contamination of the crystal with a solvent is
non-existent, large growth rates are possible and

larze single crystals can be prepared. .8y organic
materials cannot be grown into single crywtals from the
pure liquid phase because the substance melis with irrever-
sible decomposition and there exists & solid state phase
transforration between the melting point and the terperature
to which the crystal is finally coolecd. 3ingle crystal
growth from the melt can be accomplished in a wide variety
of nethods. These include: Tammann's method of growing
sincle crystals; the method of Obeinov and Schubnikov,
Bridgmants method, Kapitzats method, Czochralskit's method,
the method of Hacken, the method of Kyropoulos and the
nethod of Stober. Detailed description of each method are

siven by Buckley (6).

From the ielt by the Bridsman Jethod. The method of
Bridoman (5) has been used successfully for the growth of

large single crystals of anthracene by Lipsett (21,22),
Hakada (26), Sangster and Irvine (36}, Feazel and Smith (5},
and Pimentel and kClellan (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 atumosphere fron the nelt in

the sealed container which is slowly lowered throuzh a



trmperature discontinuity wiich includes the {reszing
point ¢ the substancse Cryvstailization o the nmelt
occurs prozressively upwards Jrom the botton of the
container as it iz lowerasd through the temperature
discontinuitye. The furnacss enployed in the use of
the Sridgman technique are designed so as to producs
a largs temporature gradient along the path of ths

-

moving container at the point ¢f crystallization. 7t
lowering of the ceontainer st b2 siower than the velccity
of ecrystallization in the directicn of the centainsr. IF
the velocity is faster, porticons of the melt will bs
forced to solidify befcors the orientating influsnce of the
advancing crystal fzce hias reached the seetione The result
iz the formation ¢f @ aiflersntly orientated erystal. IF

tha puritr of waterial, the thernal cenditions in tho

- =y - R A P By B Y Rk o £ vy e -
the container are suitablie, a singler-~rystal can e Srovie



R
L% ]

DESIGE CRITERIA

The growth o cingle crystals by the Iridrpan methed
depends on the desizn ol a sulteble cerystal growing
apparatus and auxiliary cquipnent with the | llowing

desipgn criterial

atablichmont and control o the corract

(=)

&

werporature dicstrivution within ths furnacs

{

)} ervstal containar whieh initiates srovih st

s

a single point or censiriction
{c) convenience in cperaticon invelving the insertion

and rorovas of the crvstal contelaer and the

o
e
H

inspection o the material in the contain

-

{d) a lewering mochanisnm which lowsrs the container
"3

smoothily and continueusly through the Turnacs

at constant rates of the order C.5 to 3 inchesfday

o

( ;

Tonperatureg Jradion

Y T e £ . ad P . e e - -
The ILde2l form of a tomperatur: rsradient as recommended

Ly Lipsctt (22) is showa schematically.

} a convenient opocration it maintensnce of the furnacce
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P

LN S
-

Y The tes

materiale The
furnace should
lowest part of

araturs
upper right-hand <
net be hizh enough to cause any deconmposition

should abruptly drop.

at the top of
cornar of

T
gt

the furnece is in ths
diaprane. ig sheuld
of the
tenperature in the top soction of the
decrcasce fairly sraduelly until the
the top section is reached, and then
The heat input to the JTurnace

PSS & 8

zheould be adjusted so that the melting point of the

material is approximately in the nidepoint of
sharp tenperature drop.
furnace the tonperature nay fall oif nore ragdly
in the top, provided the fall is net

than in

23

ey S50 covlvn\ni:\
LA bt b b * St R
4 -~ Fal -, e en Ty
the furnace may

horizontal
the

.
4z

furnace, should be wnilern {(herizontal).

Crystal Container
dmterial of Constructions

e Ty
LS8 t8

in the bottom saciion ol the

“

- b e
so large

3

to iaterferc with the anncaling of large crystals,
:nt the Leunperature at the

bobto of

be that of the room.” {(22)
sradient, in any horizental lune oo

This condition

s attained throush groper insulation of the {urrace.

UM e N
The mely




errstal arc houssd in the sane containere. £Since the nelt
phase is in intimate contact with the container wall,

there must net be any roaction between the melt and the
container material. Should rsaction oceur, the melt

phese boecomes contaminated with the container rmaterial.

The container material must alsce have o tharmal coefliiciznt
ol axpansion clese to that of the crystal. I this
condition is nol satisficd and the grown pertion of the
erystal tends to stick to the container as they are boing

L P \ T N S SY MER Yo S N o ey <
cooloed, larze stroesscs caused by diffcrontial thermal

contraction will arise baobween the containcer and ths crystal.

A zmall disturbance sueh as o chemical reaction or an

-

vhich may prevent single crystal growth. Thus 4% is
Important to woloel a wmaterial of construetion for the

crysbal container that has a smooth, nonereactive zsurface

The cbject of all crysbtal containers is to initiate

the growth of a singic erystal at a constricticn or point.

o

Shouvld the wall of thoe container above the constriection

~T + .

siope gradually outwards to the full diareter, the chanecos

P

4

of obtainings a geod singls crystal are inercascds A crystal
centainor may boe designed either te produece & soz2d crvsia
{larze cingle crystals are later zrown in another contaiasy

fron the sead) or a single crystal by a process of solle
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connected Lo exbternal wirias by means of short scerows

and nutse It has been found {21) that hard soldered

. - e e e g 3 ol e e M) . pogpn. | ot S - Y L fad
joinbs at these points tund Lo broak after a number of

{uk

hegting and ceoling cyeless. Thoe furnace sieuld also Lo

desisned with casc in operation and maintenance in mind.

i S

-

nach scebticn of the {Turnacse shovld be independently

s S T Ton s e
maintainad, thalt is, one seetion at a time can bo
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PYREX PIPE
NOMINAL 4"1.D. .

FIGURE 8 ,
UPPER HEATING ZONE
OF FURNACE ~ SECTION I, PART A|
NEWARK COLLEGE ‘
0F ENGINEERING
MELVIN DRUIN
SCALE 5" =1-0"
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PYREX TUBING .
MEDIUM WALL
'ENDS CUT SOQUARE

~ AND FIRE POLISHED

G-8530

| MELVIN DRUIN

FIGURE 9
UPPER HEATING ZONE

OF FURNACE -SECTION |, PART B
NEWARK COLLEGE

OF ENGINEERING

SCALE 3"=/~0"
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Ths total rociztance por heater, including two
ZeSeefoot longs loade, is 21 clmse Eaeh lead wae
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UTER SEAL TO PYREX PIPE
(2 REGD)

12"
$ 24/40 STANDARD TAPER

N

PYREX PIPE
NOMINAL 4" 1D

FIGURE 10
LOWER HEATING ZONE

OF FURNACE-SECTION 2, PART A
NEWARK COLLEGE

OF ENGINEERING
MELVIN DRUIN
SCALE 3'=|'-0v
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PYREX TUBING
ol MEDIUM WALL

ENDS CUT SQUARE AND
~ FIRE POLISHED G-8530

FIGURE ]
LOWER HEATING ZONE
OF FURNACE -SECTION 2, PART B
NEWARK COLLEGE
OF ENGINEERING
| MELVIN DRUIN
SCALE 3" =|-0"
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PYREX TUBING
(MEDIUM WALL)
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1 | FIGURE 12
J BOTTOM SECTION OF FURNACE
| NEWARK COLLEGE
OF ENGINEERING
MELVIN DRUIN,
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Tabic 11 (Continucd)

—dert

CooPLRACIRL GRADIEST AND FLUCWIAWIONS T4
— M — vy

FURMNACH

DATE I8 THEROCOUPLL TEVPERATURE

5/1/63 1030044
1330P 253.9  242.0 24445 220.2 196,2 1306 177.7
23L5PI 2570 245.9 242.2  225.2 106.,2 135 175,5
Li30PYT 261.7 250.3 242,80  228.,3 197 166 1775

5/2/63 103158 255.5 240,53  2hh4e5 220,60 197.3 136 17764
11:50A1 257.1 247 2h2.1  222.7  197.3 125,05 1773
R230PT 25745  Rh4tl.l  242.2 229.5 197.4 185.0 177.1

7100PH 254 2h3.1  242.8 228.2  196.0 185.2 177

5/3/63  11100AY 257.4 24341 242,58 230 107.5 185,88 177.3
1:25P1 259,22  248.5 242,60 230 106.5 185,56 177.1
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12045
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inthrgeone {ﬁl”b~u*01ut fluorescen
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wlrdai g CONGLITCLIONS

are surmarized

Slue-viclet

fluoresesnt grade anthracene purchancd

Tron dath Coleman and Doll Coe and used without
Farther purification was growa inte ¢ single crysta

with dimensions of 1/2 ineh in diameter and ¢hen in
cthe  The crvetal wos grown dn g holium atnmoophere
at a rate ol 0.900 inchesfday over a total pericd of
twenty days (June 12 to July 2, 1653}. During this
orowth period temperaturcs within the eritical growing

Turnace chowed a maxinmwn variation of losz
ey 35 Tan o - xom e - e
than 17C.  The average temperatues at ten positions
.y 2 oy » . 'l LU - N S N
within the inner Pyrcx tubc are showm in Table 15.

Pisecussion of Fesultz. The crvatal shows larpo
soaes of zingle character, gross evidence of the prascaes
of impuritics {naphthacenc) and scveral foults az shoam

Pipare 2h. The crystael is not clear throughiout. It
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cating variations in naphbhacons concentration.
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Anthracen: {(propared dir-ctly from the dimer)

A zinglie crystal of anthracenc was proparcd

directly from its dimer, dianthraccns, with dimsncions
of 1/2 inch in diamctoer and 4 inches in longthe Tho

erystal was grown in a nitrogen atmesphere at o rats
of 04983 inches/iay for a total period of 24 days
{Auge 24 to Sepbe 17, 1083). Preparation ol the Jimer
by sxposing 2 solution of anthracene teo ultru-viclat
1t was provicusly discussed.e The dimer was thoin
loaded inte the crystal container and inserted inte
the Jurnacsz. Afber a poriod ¢f two hour: during which
1

it was expessd te tenperatures slipghtly above the

neyr woas converted o

tote

melting point o anthraecsnce tho d

anthracenc. Tomperatures within the furnace show.a a
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maxirum variaticn of leas than 1°C during the 24 day
growth periods. Average tenpzratures at ten posibion

bl o~ S S . S '! T
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