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CHLOROCARBONS AND (’llll)ROHYI)ROLARINN‘I %0

L8 \\' J. Davey, J. Inst, Pedl. 38, T:l-ﬂ'l(llu). ’
Wy, F. M. Bowe, ool., Valowr fudes (1), o4 evl., Boelety of Dyem mad (Auluunrlnu. eadlnnd, York-
ehire, MI2Y, Auyplement, 2K,

2, Bet, Pat, ’uu.‘:ld(hnl. IM!D).V Bowett and W, C, Spmn(hluwdllwlnﬁl- .

trive LAd.).
a1, |' K. b, 1,537,153 (Oet, 13, 1428), A, Clnorge (tn Malhienm Alkali Works).
0 U Pat. 1,900,348 (July 6, 1920), . . Stockeihark (tn Mathionon Alksk Works),
29, Ger. Pat. 234,200 (1000) (4 Radische Anitine wnd Suwla-Fabirik A.G.).

H. Bi;s

TECHMN e g thdmn Nowport Chemical Corporation

7

Clll.Ol(NA‘l’ED BIPHENYL AND RBMTBD COMPOUNDS /"’

Nipheny! (dipheayt), terphonyls, h“lw polypl-myln or mixtures of these com-
rimds eon b chlorinated to glvn produnts which have outatandiug chemical and
tharmnl slabilitien,  Individual womers, which rangs from Jguids to high-melting
esyrtalling mlidn, aro of ittle commeselal importance whernas the mixed chlorhshd
saioponents have conslerable commereial Wggnificance.-

ummcml trudonarks for roie conunercial bramis of chiorinated bipl\cuyh in
the Uniter Btates are the fullowing:  Aroclor (Monsmnto Coinpany), Chlorextol
(AisChal Manulacturing Ccmplny), Dykanol (Cornell-Dubilier Division,
Federal Pneifie Electrle Company), {Westingh Eloctrie Corporation),
Noilamol (\\'nm Rleetric Corporation), Pyravol (General Eleetric Company),
a1l Thenninol (Monsanto Company). Soma othor registerod trademarks or teade
nsmes for commercial chiorinated biphenyls found throughout the workl ave the
following: Clophen (I. G. Farbenindustrie A.G., Germany), Fonelor (Caffaro, lhly),
Kanneehlor (Konrgafuchi Chemieal Co., leu). l‘ynlmo (Prodelee, Franee), and
Sovol (Ruswin).

Commurcial manufacture of the Amlnr brand of ehloﬂn.ud biphenyls was
started in 1020. These produets vary from mobile oily liquids to white crystalline
tnide aud hard nonerystalling resinn. 'Besmuse of the many forme snd
thy have lonnd applications in many diverse fielde—in electrieal insulation, Gse-
1.4 tans heui-tranmlfor acd Liydraulie fuids, lubricants for use at hi(h tomperatures’
s peessires, senlant and espansion m:lh. and aa coistituenta in olastomers, ad*
hesives, paints, lnonuors, varnishes, pigmants, and waxos.

Physical snd Chemienl Properties -

The physicsl propartios of individual ehlorobiphonyl isomers vary widoly ae
way be acon in Tuble 1. Mizcod inomem ae produced in & commercial produet have
physical propertien which are quite different from thoss of the individual isomers.
This is purticulurly true for the solidifieation

Chiorinated Lipheayls, in general, are eonskiorod to be inert materials. Fow-
uver, they will react with cvrtain reagents when troated under rather rigorous condi-
tioms. For example, ehlombiphenyls will renet with sodium hydroxide at elevated
temparatine o yiid phenolic materiale (38),

Minturen of ehlorinated biphenyls, sush ae those found in mmld products,

rigorous

villmnutwllhld‘l.llhllqu under normal to moderately
ocondisions (20). MMMNOH"MM and the giyools. The oile and
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revius are eeadily soluble in maet of the oommon organie solvents, hut mnst of the -
hard erysaliine swmbers are devs woluble than the Tiguids or solter rosite.  The
chiorinated bipheny! mixturcs are nondrying even when exposed (o air in thin flwme.
They are pormanently thermoplastic and cxeept Tor tlw lowor chiorinatod mombers
are nonflammable. The rosine will adhere ly h surfaces such as glass,
mﬂ.mﬂuﬂch«oﬁuﬁu Mootofﬁnmnmonnmbwdllbn

Table L. hﬁd Propertics «f Chlerbiphenyls

: / Melting Holling proint,  Dibliography
Componnd yi pniat, °C *C (mm Iig) releronces

Tohbwvbiphenel ) 3 267-208; 134 (13) 1-9)
-ehhwobiphcuyd ) .~ ;-3 (45
chinevbiphonyl .5;7;74 128 (14) aean
3,3 alichlrediploenyl . . ; 61-03 9
2,3 biehlonstdyhenyd / : ;29 $22-324; 230 (0-13)
38 %ctivilombipheny) ,/ 15 315-319 (2M12)
3,8bichlonddpbenyl - N 106 (10) (4)
28 dicklundiphenyl 171 (15); 182 (20) (14,18)
a,«nm-«myl . w050 . 195-200(18) ({1 61,]
2, M dwhlnnbiphony! AR i s (1)
3,4"liehiroloiphenyl B ) : . (s
2,4,8-4cichiurabiphonyl m-7 ()
FEY TN 0 -
2,4,4%richiondsiphenyt : 55-58 ’ (9,50)
2,8,4"~trirNorohiphenyl | (4 - ’ @)
35,4 -trichlorubiphenyl IR ] )
3,4,2°richlnbipheny) ©-8 (9]
l.u:-ulew ] : R (13)
34.3° 4" iy 1 mEe) . (L)
9,4,2°,8% totenchlurmisiphonyl 108 . (2
2,6,5°.6"-etrarhineobiphenyl 108 (33)
3,3,3',8%totraehinrohiphenyl 102 ()
3,4,3" .4 Artraehloruhiphenyl ] S (12,04)
2,8,3°, 3 -Astrashlondiphenyl “-as (2)
2,4,535° 4" pentacklombiphnyl . ‘m 198-220 (1) anam)
3,4,8,3,4°, 0" hexachloreliphenyl ’ ‘108 (23)
24A2 4 B henacilenbiipheny) His-119 0nm
22,442 4 heptactinmbiphenyl R Mo-qun (30)° (W)
2,3,4,0,2,3°5°, 8 wlrshloribiphenyl ) 10 . (o)
3,340,0,5°3°,4°4" A lerachiorobiphenyl a0 ® )

have oxcellent venistance to the chiosinatod biphenyls even at clovatod temporatures.
Hinwever, coppar and some copper sllays are alfoctod to a limited uxtent and show pene-
tration rates between 0.0014 and 0.014 in./yr. Many plastic materials of construction
are attacked by chlorinated bipheayls. In addition h high resistance to thormal
clmmlubu thay abws have inany interesting cloctrical properties.

_ ‘The general propertios of the more important members of the Aroclur brand of
ubliorinated hiphenyl produste are shewn h'l‘sblolud\hmmm
showa ia Table 3.

N
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. Toh’s 3. Geiern! Pagartivs of Sme Aredas
. Dotiistia  Flah  Fim  Pewr  Suftening Vismaitg, me
~. Specibe seagr” . peiea’ puist,  peimt’  peiat’ ——
Maberid) Permondonder  gravity C (enrr) *C ¢ C °c w NAT  HC
Avoclec 1201°  aubeless, avbilioR 1.1R-1.N2 W MW 1N q-..h.c = 187588 3-8 »n
= (25/15.5°C) ¥ ‘
Asocher 1332 . alaastoviachss,  1.TN-1.3W 290383 159-10 3 -3.3 1801022 4481 3.3
mabile od (23/13.5°C) ) L
Amciar 1282 slmesteslorbom,  1.381-1.301 35306  176-168 mcee 19 Lem-1.69 82 33
mobile ol (23/18.5°C ) . . :
Areder 1258 : = 1.905-1.415 310373 190-198  mems -7 1.63-1.631 16520 3637
melle o (#318.3°C) - . ’ . L '
Areder 1234 Bght yeflow, viscwus 1.403-1.503 304300  mome  mme » 1.630-1.641 180030 {413
ol (6313.5°C) Sl . : ~
Anduidn  Sghtydior,sl, 1.555-1.008 3510  sem B ] 100100 »-
Asedier 1302 u::l-,ﬁ. 1198 208 - -\ : 8- . 1.6301-1.0847 %100
. vetim .
Aooder 1208 whitetoeffwhite 1.904-1.811 IS0  mems  meme ", -1
powder c NG
Asader 1770 -ﬁ::rnﬁ- ltu1gn 430-400 sose  heme ~_ §9-300*
Arockic 4385 crmneparent, 1630 20320  wome  meme 1.08¢-1.687 %0-130
britle rusin C) (g N (1°C)
Asaclor 33412 yollow, teasparent,  1.600 215-300 k4 >3% “ »-52 ~. 200-400
sticky resia (25/85°C) (dwmilp
Avecior $900 - claar, 1.60 200-333 »es Beme 98-106.5 1.080-1. .
bes, brittle rsim  (29/23°C) (S Hg) : L
Asacier 2365  blark, opaque, - 1.7 nane ane ®-73
: briktle sesia (23/23°C) .
*ASTM D-29 (modified). *Cleveland open cup. *Cloveland open sup; none indicates na fre polat wp to bofling temperature. ¢ ASTA D-87.
*ASTM E-2S. 7 Baybelt ASTM D-88. ° Last two digits indi acmate chlwing contend, ie, Aroclor 1231 containg about 217 chicting.
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CHILORDCAKBONK ‘mn CHLOROIYDIROCARBONS

202
m a MW Progretion of Sone Amdun
T “\‘;""'lﬂ 4
thwbirie ouselant o
Awitivily,$
i e ot KWL, . Diletrle
Avvie ' 23°C s "o v, do strongths kY
“van IR} .0 . .
12 a8 LX) shove 500 X 100 >3
1248 5.6 8 eveMOXI100 S >
124 3.0 43 shove 800 X 100 >3
R0 i3 3y shove 300 X 100 / >3
1208 .5 ) e
M4 3.0 [X] abeve 40 X 100 .
" 2.7 4.2 o
8400 2.8 3.7
4408 2.7 - - 33
* ATM 110477,
S AST D-23748. 7
« ANTM 14844, .
Manufacture’

A numlne ul the pure compounds formed by the chiorination nt Mlvlmyl tere

plumyl, or mare emuplex pulyphenyls are erystallive snlils, non of which have véry

high ieling pointa (10).  1Towever, mixturos containing & number of such compouse’
may be either liquids or noncrystaliiee resins.  Chilorination of aromatic hydro-
earbons (o varivus Jovels oot only xivos several isomers of the same chlorine content
hut alve gives mdmmmuw«mwm

, bateh chiorination gives

elhlorine sontents (3!.32) At any lovel of chl
Uw highet of compounds

eorresponding in nmpukbn to the aversge

chilorine eontens, wherous singlestage eontinuous chlorination gives the lowest pro-
powiien of such emmwh As the mimbor of stages is inorrancd, multistage con-
tinnous chlorination gives approaching those obhhd by bateh chis-
rinution, m.ammmmhemmmawu-mmdhwmm
chlorine contents than the average is aleo influcncod by factors sush as
quantity and kind of eatalyst employed, dq,n' and type of agitation, and rale of
wdmission of the ehiorine.
Amlmmmxw‘ammwm&duﬁhdh
the patent literature for polychlorination of biphenyl (31).
rinalion in & multiple-stage ynit ean alwo o used. Dateh ehlorination has boem found
to be particularly woll suited for the manufacture of the various products (33,34).
Tha chlorinatom may ho aylindrieal steel towor, 3 (4 in diamoter and 18 fb high,
which are equipped with ehlurine distributors at the bottom snd with avils for heating
and enoling the matorial uidergoing resetion. 1'umps pruvido axitation Ly sireulating
the liquid chargs. The lower hall of the ohiloriustors is fillod with iron turnings,
which have hoes burnord fres of il and molsture. In German practics, the chiorina
tom are agitated 10,000-liter load-lined vrvwcls, and ferrio ehloride in veed as the

emtalywt lnstend of rom tur Filtoon kg of ferrie ehloride le used for eseh sharge
ol 0000 kg (38) of biphenyl. /- ’ -
./ .
/ MCNS

Continumm linuid ohle- -
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Raw. Materiala, The raw material used depewds on the type of chilorinated
waterial 10 Lo produced; anhydmus ehiorine is used ax the ehlorinating agent in all
ensen,  In groeral, i oun bo wid tiat Siphawd sl gives liquid or wit, sticky non-
erysalline produets up (o & chiorine content of G095, lov-melting resinmim protducts
Ietwern 80 aied G3% ehlorine content, and partly erystaliine or erystalline produsts -
wf mueh higher melting points st chinrine contents above (3% (32). In the easo of *
jrodduets that are solid at onlinary temporatures, the hixlier the propaition of tor-
phenyin or more complex polyplisuybs in the mi:tum hefore chlorination, tln Iudnt
the seltening point and the Jeve tho esystallising te y of the chlorinat

after distillation. For thoss prducts that are enlid or partly crystalline at foom
'm.mmm. the higher the chinvine conteut, the Mnlm the suflening point, and t.h
greater the temiency of the waterial to erysmtallise (34

Preparation of Crude Chiorinsted Blphenyl. ¥or dw manufacture of any given -

grodde of chlovinatod hiphanyl, the ehlorinator is charged with the proper mw material
or misture of raw materiale to give the denirel product in an amount suificient to,
auver the eatalyat hed aid Lo pernit cireulation, ‘Then the flow of vaporised chiorine
in started andd the chargs in civenlated with the pump. ‘Throughout the chlnrination,
the tamperature is kept weil abive the melting paint of the mixture, but below 150°C,
1n avoid excimsiva millimation and plugging of the line (lhehnnng u.e I\ydm
ehlride produrad by the ahlorination. Samples aro withd i

tiowe to timer until the Jowined ahilorine eontont has boon reachedd, Mllu-kwnohhﬁm
mmmdhmw“mmmmuhydmvmwm
the eomposith After the prexiuct has b 100 visouus or has manhed t0o high
& mlting puint for eouveniont detorminstion of the spenific gravity at tvnporaturce
lnlaw 100°C, the dmgron of ehlerination is determined by mossuring the hold point
a1 U inaterial eryatallines, or by the hall-and-ring softening-point test (36):. . The
time requiredd for chiorination s 13 40 30 br; dopending upon the ehlorine content of
llnpvml\lt. mmhﬂmmmm'hiehhwolvddoﬂumm

in atworbod in water in equipment of conventional dosign. .’

DMIIlqllll Crude Preducts. ARhongh the enude products Bnd some applion-
tions, for mont pniposes further purifeation is mesessary Lo removs the color, and the
trawere of hyddrogen oliurids and forrie chlorida (32,34,35). "Thé methorks of purifioation --
are wiicwhat dilferent for the different Aypm of end produets. The high-meliing
sulid products are dificuls to dintiil. Distation nnder rixduced pressura is particularly
diflicult as it fo desirable to keep the belling point above the solidifieation point.
Cianerally, these produets are distilled in gae-fired retoris al stmosplirid prossure.

The distillato s flaked on ehilled rolls. MMUMMMM@W“
better overall proousing efisloncy, the liquid and rrsinous products are distillod a8

lower temperatures in more conventional enuipment under redwood pressure. The
erwde liquid and resinous produsis are hild at an clevated tomperature and blown
with dry siv for sevaral hours, after whish arfew tenths of 1%, of lime or sodinm hydroxs
ikt i wtirred with the material to ronet with any remaining hydrogen chioride or forrie
ehlorite. ‘This js Nllewod by bateh distitlation under reduced promure. Complete
distiliation nd miking of the distiliate ls nesessary lnomrloobhlnumfounuw

raslativiy ls desired, the matcrial Ia stirred ut an elevated
uqmowhhllnmdl dmmmw.mmnmm
MM

/ . '
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o CHLOROCAKBONS AND CHLOROHYDROCARBONS
Containers and Shipping °

The liguid chlovinatid hiphenyls are packed and shippod in galvanisod-steed -

Bitas o in taik ears construeted of nonrustingg metals sich as ahunivm or tine
canted iectale ‘The resinous pronducts ave packod il shippod in open-top galvanised-

Ly, and the high-melting solid products are packed and shipped in baga. .

* s vaitivad ghipping classification in llodn Synthetio 'NOIBN, !

Tiealth and Safety Faclors

Mratenged exposure to chlorinated hiphenyl vapor evolved at high tempreature
e Jead e h)'tll‘!llit toxie cffects.  Inhalation Losts on animals judicate timt the
Jeaximum safe concentration of vapor is in the range of 0.5 to 1.0 wig of the lower
clilvainated Diphenyl misturcs por ouble meter of air. The threshold limits (maxi-
mizn allawable eoncentration for an cight-hour working day) set by the
Cunferenee of Govermiental Industrial Hyglenints are 1.0 mg of the lower ehiorin.

ated Liphenyl compouncds ($3% chlorine) per oubic incter of sir and 0.5 mg of the -

mare highty ehlorinated biphenyl pounds (34% chlorine) per euble m of, alr.
When chlorinated biphenyl eompounds are used at clevated ¢

conlrots must be applicdd, cither by the use of closed mmm or by dlmlvo losal

sechanica! ealiaust ventilation togother with gencral workroom cxhaust. Although
Uu: chlorinated biplienyls are not normally skin irritants, their solvent action esh
rereave natural protectivoe oils sad fats, and lead to drying and oranking ’l the skin.
Ao, cantinuous or repented skin contset with chlorinated blphemll lhnlld be
avoided because of the pounbk ooeurrence of & condition callod * * (38).

Uses

hlw(rh al Applications. All of the uscs of the chlorinated Iuphcnyln depond on
their chemienl atability ad their physieal propertios, which may be varicd to suit the
sgncifie npplication.  One very himportant une is as dicloctrie inodiums in such applien-
tions s fluids for Lrannformers and as impregnnnts for eapacitors and eondonsors (2,
20,00 41). Chlorinated -hiplenyls, wsed cither alone or in hlends with other me~
'nria’n sieh s trichlorolicnseno, moet the noed for a firo-resistant divlectrie fluld with
» Ligh resistivity, a high dieloctrio strength, a relatively high dieloetric constant, nnd
a very luw power fuctor. By replacing hydroearbon oil with ehlorinated biphenyls
ar wistvzes of chlmvinnted biphenyls with trichlorobensene, it has boen possible to
1edesigh eruipment with o grest reduetion in size for tho ssane cupacity and voltage.

At the saine thwe, the firs hasards ave boon olimlmud. 8ee also Dicloctrics and -

piseoclectrics; Tosulation, cloctrical.
‘The maximum diclectric constant of eommoronl chlorinated biphenyl mixtures
at 1000 cycles and 25°C is approximately 6.0. In rocent yoasrs, muonblo attontion

hna hoen given to upgrading this property (45-48). Combi of fractional .

istiltution, chlarination, and lsomerisation ean bo used to obtain dicloctric constants
of 7.0 or slightly above. Direct synthosls of spescific trichlorobiphonyl lomers esa
L utithred to obtain dielectrie constants in‘the order of 10 (40). Improved analytieal
t " ey, primarily enpillary gas chromatography (30). have been of grest ald ia

'ying tho complex chlorobs
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Other wportant clectrieal applications for e clilorininted iphenyls aro s
Sinprognants for enlton or ssheston-liber fulation (1), an comdituents of asphalte
Iaee winvimprognating compounds, winl a8 plasticizens in wireonating componls,
partienlarly tinwe containing neoprene, rubber, o eumbinations of polyvinyl chioride,
ethylecluloee, and polyvinyl butyrsl (33-38). Also, ehlorinatel biphenyls are eme

* played as sealing meodinms (or clectrical insulators and as impregnants fur carhon
resistors to revduoe the influcnos of moisture. :

Plastics, J.acquers, Paints, and Varnishes. Chlorinated biphonyls are compatible
with must of tha couumen plastie materiale and resine, and arv solublo in paint and
vamish oils (20). In combination with asphalt, cthylerlluloso, chlorinated rubhor,
Mindite (myrono-butadiens copolymer), o other plastic materials, they aro usod exe
teusively in protective ooatimes for wound, motal, sud conerete (38,56,47). In conie
mation with disetyl phthakite, they are coplasticimns for polyvinyl chivride compos
sitlons (2043%),  Soo nla Contings, lodieteial; Paint,

In points aisl varsisws the Jued resinous chiorinatid Liphenyls am used to
impart increnarsd harduess to the Tilnw, amd the softer rewins are used tn give fuxie
uility. The rolnof these materints is similar 10 that of the oil, excopt that they do not

. onblize and loss Aexibility on rgolug. Ia nitrocellnlose lsenuors, chlorinated hi-
phenyls are rinployud either alanc or in combination with ethor plasticisers wnd resine
to bmpart incrensed wenther rosistance, luster, adhosion, and deereased burning rate
(37 <), ‘Lo hard, white, crystallino chlorinated biphenyls of high meitiag point
are weelul a1 pigments with various plasties (61).

Adhesives (yv). Tha resinous products are wecd in synthetic adhesive coms’
pasitians in combination with such base materials as polyvinyl acotate, ethyloslluloss,
chiorisatisl rubber, polyvinyl butyral, isoprene-styrens copolymer, and polyieo-
butylers. Chiorinated biphenyls arc uscd in the preparation of costings of pressures
rupturable capeulos for adhesive tape (03). - A

Lubricanis (qv). Culorinated biphenyls find application as lubricants nuder
eatrema conlitions mach as highly oxidising conditions, high temporaturs, extreine
presanres, or submenged Jueations.  Mixtunw with other oils to form heavior-than-
water Inivriennte are used in wihmerged loeations, sych as hridge rollem. /Lubricants
for vatrame pressures ave made by adding up Ve 18% of the ohlorinated biphouyls to
petroloum liydroearion oils, ¢

Itent-Trunufer Media (qv). Chiorinated hiplmnyls have bous osud for some time
in indirect henting applieations (63).  Rocontly, products of this type sold by Moa-
ssat0 owpuny under the registered trademark Therminel have besn intrduesd,
whiel sy spocifieslly dicveteed (o use as hest-transfler media (84). Thens fuids are
particularly well suited for cificiont and safe oporation in applications invelving .
Anvmntds mintorials where unifona tomperatures are rugnired and for high-tempers-
ture (hulk tesnperatures of 100°F) indirect hoating. Bpecifically dosigned units for
warls applicutions are resirod to pravent Jocal overhonting’

Mincelianocous Applleations. Carnauba wax may be sxtendod by blending with
ahlorinated biphanyl in sombination with éoresin and paraffin (30,08). Satislactory -
wanes anl jrolinhos are prepared without the use of carnaubs wax by biending ourleury -
(lieuri) wux with ehinrinatinl biphonyi, coronin, and paraffin. Chlorinated biphenyls
are ingredients of innny firn-rusistant compesitions. Fire-retarding paints uwually
conta'n antimony oxide or barlum sulfate in addition to the chlorinated biphenyl.

Is making fireprool Sborboard, emulsified biphenyl is added to the Sber

/

/
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stock (18), Menlifying waxen are addesl o chlorinatod Tiphouyl in the propuration
of trxtilesronting weteriabe
T sdebition (0 the unen lsted nlnw, chinrinated biplwiyls aro ingrodicnts of e
swaling eompounds for wee with wood er eauvas 1o give prowstion agnimt moistere,
miklew, or attacks of onganisne.  They are nlvo uwd in fornminting ralking com-
pounds, pewdered metal pastes, sanie soil-poivon mul woud-presorving conipositions,
pepor transparentisors, and printing Inks. Carbonlews reproducing paper is made by
an encapeviation procodure whioh wees chivrinatod biphonyt as part of the formula-
tian (67) (see Encapeulation), .

Bliegraphy
«M-&-mmnmw -mmmw In FCT 10t wl, Vol 3, pp. 390-993,
by C. I, Bk, Monmnie Chemirnl Oumpany.

1o P el J. Dew, Boe. 133, 3773 (1098). :
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3 K. I Zuheer mud 8. A, Yaoveh, 7. fnd. Chem. Soe. 31, 37 (1044).
M. Gonilierg vl W, B, Boskmans, J. Am. Chom. Jou. 48, 3343 (1924),
Thid., 49, 230 (1937)
. Rebualtz, Ann. Chem, Lirbige 176, 300 (1574).
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CHLORINATRD NAPHTHALENES

Laurent, in um, otrerverd that waxlike matoriab resultod from ronction of
Isdoring with saplithalews in tin prowsnes of eortain estalysts. Theso chiorination
provlocts wern fusther unvlml by l"hllw in mu i wan mom than twenty yoare
Inter, hamaver, that Aylewnrth oi i their lgienl potentialition (1)

. Chosianlly snd physiendly, the eldorine Mntlm of aaphtimleno proseatod
inventigntons with & wmeh mere eminplos problens than the chlombmsenns,  Following
Krdentnyor's ontahlinhiment of the funed-ring strueture of naphthalone in 1860, many
yenrn elapued hofoin sy of Ui thanretionlly predhle chlorination derivativos of the
onmpiml wero blatind uul m.muu; oven uulv tln punilhm of tho substituent
ehioeiing atonm in sil iiatod o sl p once havo nob boom
alinsatod with eortainty (ww Table 1), l’.lyd.lly the dallkulty of isolating lwomers
lm/-mhmmwﬂuudbyeb%dnplnwmhmm&lw
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