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Baesrï::-:.: h.¡:s br,i';n t,:\;, jec?:rd l* ü1.-iå¡:.- 1'ayr-u ch::oneto!i;å¡rii.1r

an,i f or-:ri¡:L Y.c *::t:.&a;)j..-: lr.ycii,xcÍ.Tii{tï?r,: , esf:â::È u rr lcch.*.1,* .år:i: ¿ie iLs "

îh.i.s r"Jas e*nf:z.tr::,t.ri h2' *þ*inieal tesns ancl. inf::a-red spect:raL

ca.te. Tir* 1ryJr*tcari-.rln f ::a,ci:-i *¡: r:hä;: j.ned pu:r€: by thz.n* Laitr:,:,:

{:l:::ei:nai*g::a¡-:liy was f.r::friral;: e.:lal;lzed b3r Bris"-1:,:¡,*:.ld chr*r.*E.tegra¡;hy

¿:"nd fcrui:d. to conLc.i:r c17 t:.* Ç,3r* satu::etec *a::sf fir:rs, The ee tars
n:i-nz-Lay7"j¡ ll,l"¡e he*n *btai;:*d Fr-i::e T:y Lhir*-1"*.3rsy el:::c.-ir,:.lo¡ii:aphy

zriC foi"tr¡C. t'; far:ge f::*m C-q,7 ** *.s,? i,Ç.-t_E-{t.i.:n*d 'L:;r 
,g,;?s*li.qui.i

,;;hra;::a"{:c,g::a.phy- The methyl_ r,.cf ,í:r:p of t"kc: f.-:.t,ei¡ e*å.d,s *f
ì,:*ç.ç;;e-1r d*'t:e:¡:miser,l i,y Ëjås*1-Í.,:¿r,:ir* *hr:.î:ïeî:âg:re.pi:3. -:::rngecS fr*m
('tï Eæ Ç1e..
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Ii\TTeûDUCTL,?1,,7

Tl'lr: e onplef,* annllrsrs Õr colrpl-*"r naÐr.:,"ta.L sr:bs*a¡t*,*s

hac ì:e*n , anl, sti-1,1- is , e'Í pa::tr"*uIa.*r i,ni:r:r*si: * 11€â:,:r,r¡:î:; i.s

a. na?ural. el1b.çL.¿:nc* äÌlat -"¡+rkers ha"¿e a^t[*rnpËç,i ec anaS.yr:e

by ph;'rsical- aii'.i chenríea1" r:i*thads" The appraaeh the,r," h¿.ve

fake:n i:*.s 'i:*en tc i-,lentif}. pår{:!c¡:La.:: c*mp,c:.1*:*ts püesefit .ilr¡

Tka wax {.?tvs 64}" Çhi-l:nal,1. æt. e1-"(7} cid an i::,r¡estigafli*n *f
:he al.cnir*lsu Ðanoy (13) <¡f ühc acids, ancl K,,ehl-e¡: (a*¡ *f. th*
hx*"cli:eee-ri:oi:rs p::.4:ei:ü. Gseca-rrJ {18) di.d exte¡tcive rv'ûrk- ,*n the

nel.faing ;:oå.ni;s nf sel"r*i:â1_ cornpone;:¡ts *f i.rç*çr¿ax. T,ater

íini¡estÍ-ga'f *.rs pcir:'{:eid- oul '*i:.a.r* lire i:¡¿r:I-i--vir-i**-J- c,;i"rip*i:eit*s

::efr,r::*d t,; :-n Ëhie ea::tr"i.s.r l-itera'f.ure are ¡nnf. si.i:rg.l_e ertrnpa*ncLs.,

hui: í:ì1-ií¿{-1sf j,.nr,:;.::i:iabi-y ege.a'ìixlu::Ês *jl ê:/*tn*ä21*1îi-rbered h.onol.r:gl:lcs

fsr l-h* acids r.nd al-coh+Ls ¡.nc c¡"id*":.rurnbe:red hoärt:l-czues i*r i-he

irydre:*;rri:*n$ "

'[hens i:ompLe:r må:r'ür;re$ seeç**d. ànsep*i'lrabre i;o i]i1cîs*

uorl'"ers by tl,re m*fi:ercis f,hni were avaíl¿:hl,e üc: thern" i.,liäh T:he

intr,cdi:cü'i q:n cf gâs*tr-iqtr5-d ch::ornatog::apþi' âhe se?jarâgj.Õn

l;=cfli'rt p*ssiì:1-e" 9o it lr¡i"r.s ';haL i,n Lg&A l,,Íhit* ct e.l-" (66)

repcrfiecl file analysi-s c¡f 'e'i're hy,Jrsea.r'î:¡ons s;Í O.;;, in
srhi*h äh+¡r sil*wed" ühe p-;r:esen*e *f fiire s:-,Éll- äínñuil.Ës e,f

il¡irÍ::cc;^rilrlns r-tj-Li:i Èlr*i1 :¡rumberg çf. ça.::hon af-oms, Dor"-¡"¡å1-Ìq (:'ú aJ,"

{'16} aua.l*r¡n,ed t:aes',+e-x .aalcing exçã.tu.sir¡e use ûf cç[¿¡:::,:r

e i:.::oqra fi og::a pliir,n p,i gã s - tr. åqir i" rJ e hr *ina * r.: giîa p h¡r,

.¿lnof li-e;l: *¿e1-iictrl of f *scl r¡i i.re rn.i:,rt-r:..t-r:¡i is nor,; l+å,del1,



usecl, thii:l*lai'ç¡ ehronai:ography" IËs history goes as far bacl'-

as 1938 r,.¡i-ren Izmailov and. Shraiber QA¡ deseribed the use of

Ëhin trayers of adsorbent on glass plates f.ot the separation

of galenicals" Stahl" rnade boLh equipment and cliemicals

comrnÊ::i-cai.liz available Ëhrough t " Desaga, I'ieÍ-de l-br:rg, arrcl

.fol"lci¡:l*ng fhis e exLaTl,,sive ¿n<l -rapid clev*l*pmene fo:l.l-or.;ed"

At ,rres*nt an exË.en*si..ve literatil::er i-s avai-.labl.*u ielc.l-ucåi-ng

seuerâl revlew ar'üie tr"es (3å., 4Lu 35) and. books l:y -ãt-alil (irJ-),

Be¡t¡l::",ce (aa¡, Iulari-ni-Bet.tolo (37), F.anderach (45), and

Trufer (61), i,,'e have atterupteel tr:¡ 'i:.se fh.is ileþ7 iãÊth'*rl *f.

sc::a.::r ti.r:ri i$r Ì.,JaK*s u en,:Ì. prir*ari3-;r f or bee sl¡J,:t.-K"

A 1-ogå*a1 pr.*eedu,::* fCI:: Ëtie sysËenLa-tie eh'::*'nrai:i:g::aphie

a.i:alysis af heasr'¿ax slt+:-tld. fotr.l"*iç i;þ¡re'e sf*prs¡ f l::sÍ-:, the

cearpi"ex nixi;ur* si:¡ouLd be nepa;:at"e:'l li:ffo elasse"q of ceinpau*cls

l:tc^vi"ng tlle sâm* Ë.yFe aztd r¿umt¡e::*f funcfionatr gl:Õups; secæircl,

'rÌrere sþroutrri lre a. sr:hf:raeflåenaËici: of eacir e l-ass af eoütpottnils

i.nËo i-[s !ncÌ-j-r¡i-o.natr" hcm,alog-;Ê;s; trasLu t'ne,*onsti-tr-rent paríË

rnaking up Ëhe andivi.,l',ra.l competunds should he d*Èe::irrined, for

exa"*ip1-e l-ite ae'lds and. aleohols t"l'li*ir mai+-e up Lhe índividi¡al

eseers should be idenEified. r,{e hopecl to aehleve this separat-lon

intc¡ cl-asses of coräpc¡unds 1':3r thi.n-layer ehromatography. Ixr this

T.,üay r,iax constituents coul"d l:e a.naLyzeå rvíthout cl-lange frorn üire

fcnm i.n r¿hieh thelr cccurred natural-1-y" !'orme:: Leehníques r,;irteir

inizotrved prelimÍ"na.r}z sapcni-f leatien eirangeC Ëiie cmnsf.itr-ients



c"hemiealL-y an,i lefc sorne da".rbt âs to whe.t Lhey really i+ere

ån tire natugal tda:í"

In ou:: pnoject \rrê Ìiseil th::ee tyr*s of beesr..rax sa'tnal-es:

T Beesv¡ax, U.S"P" (içi:i*e .]isc), LoL l;io, 7222BQu avail-able

from Fj-sher Labara.fiory Ciiern¿{:als,

T-I. ldax Bees (yel--1-*r,+), C*Ce 2+A8, avail"able from Bal'rer and

Ade*mç*n Produtts, Gene'ra,l ühemåea1- Di-vie ian, All-;-ed

*hemieal eorporatici:,, l',0 Re,:l-ov it., I{el,+ Yo:llt 6, Ì'I" :f .

III.B*eslra,'< scal-es ¿::.,C coini:s fron Ii:al-j.an siï::e,i:l3 Ê.al.S.

¡e_11"rÍe5e, e-¡ai1¡-L,l e fl::rri ll.:" .Ta)' ef L1:e T,:f cr+.1-agy

Depa"::'i:r:enL *t Ëhe iJ::i-r¡ersitl; of iti,a.nitohs-*

These wax sca,l-es a.ye fhe rrnes p::epared b¡r tire bees

n 1nrro t-hai e '! s.;{ë:: abdomen, rçi-l:-Ch drop of,f at{:er the.y reaeJr..-'"."ü

maLu::i-i;y, The e l-ea:: senle,g I"J*rc collec'redr 'r¡:itl:: a eai:: nf

f:..¡eezer$, frcm i,:he l,s*t-|:CIrnof LLre shi-ppirr"g cã"ses a-f.t"ær the;r

ar::ívsd T'e-re" Sir¡il-a::1-1", the c*r,rir:, t'ne"x the bee* prâparee

î"¡,Iere rernor¡eiJ- frçit Ëhcsr* eases" Bnth cf Lh*se samFl.es i¡ere

cl-ea:lcC b¡i r.-'ashing thcin r:iil-r t¡aler, f .*rl1erred Liy d.::yi.n3" They

I,;:*f* Èhl:n diss.otrve{: ir: chi-c¡rofcrn a"i'ld. f .¡-lLered, fhrougli a

glass l'7.oâ1 f-LlY"er * '¡Ie r"Jer:e i nte-¡:ested fi* f inri out rr'hether

,eoinâ ciífference cnr:l-rJ be C-ef.ectesi- hetneen f.he .çeal".e r,ça.x e"nC

th¡r 'l"rnch'l r,¡ rarâña?^.1 nn,-1.o Of Ëlee SArfte beeS. The hees ûg'e,!e Ç"i-u.¿ \es çvr!r./ r

kncv,'n Lo eher.¡ ähle i¡a-x sea.l-es äo mai-"e'chem lll-i-a'+i-e ar:ld then

fCIrri: the r:omi:"
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L]"T8fu1.?UR.g R.E\¡IEW

/tn extensive anatrysis of beest¿a>l u'as noË done trntil
Ëire i-960!s, ivhen "Ðowning çt_ al" (16) publ-isheri results cf studies

cf wax produce.d- b]t the lLalian ra.ee 4pis melli-f-ica" Earl-ier

t¡or!:ers identifierl only sor::ìe of the eomponenËs present i-n the

r,'Jê,*{. An extensi-ve revier'¡ cf the ea:ll-i-er l.¡ork is given by

llarLh (6+¡ ancl his summar)z is given belov¡"

Chemical. ÇomposiËion of YeLlow Beesr+ax

Ai-cohol
Ac¿d
;\lkyl ilsËers of FaL and. i',iax :\cífls

(eonibini^ng r.rt" 700> ilop. 63.5")

myrieyl pa3-aråta"te
la* ce::3i I pa lm.'i-i:a'tr*
m¡'rå.cyi 1:älir,iro1-*it*s il,F. 38o
m3r::Í" c3' I ir)'d"roxypa l-mi-eaË a
rnyrie3rl ceraCaLe

ehcl,esËer,\'l EsËers cf fa-iiy Ae id.s
ehcllesteryl. palnitCIl.eatl+, rîr.p, 40r)

LecËones ^*m¡rrisf:+* I-aeLcne e ä1.p * 4.L-'4?''

a^ 
^ol

/, n tr"r/
-aAê-¿¡A
-l 

^o¡i ¿.15

.:'-i/c

!la
1 1c!

ao!

1 10/

rì Qol

rì 
^ç/

Fr*e l;a.x Aeíds _- L3*13"5%
(eor¡binlng r+Ë. 37't,&,, m"Ìr, 7V,5*7ga)

ire oae::<'¡c:l c aci-C." ir" F u 77 "*ct ^(Gae carrì;\
'eeroÈic eci,d {l') , Tjìu p. Be" 5" (EEoCie}
monfenie rciii r ffi,p . 86,8'' (tiol.de)
nel-issic aciC, *"i, 90o (Darno¡')"

Llydrocarhe¡ns

11$T1âC0-qaïrâ e ir'! 
" 
p 

"henfriaeÐnËane e

IoÍoisture

â2 q0 /¡\(f.Jo,/ \tf.r,nm r. la,YÀ.¡ô F-O çvO r

L2 -.L2, ,3%

1 10/
,3- '|10

L*2%



Chibna.ll A[ al" (7) idencíf ieel -c#me alcoi:ols (C2n-Ç26] u l(ebler

'che pe::cent hyilroea::bon'e and J;,-i'ame and lÍirai' i59) ide¡rtif iec

14.-h¡rd.rr:)ryËalmi.hie aeíd i-n i:eesto,'ax, Lately !trhiter eÇ- g!" (66j

d-etern',iirecl Ëhe i:;'dracar'i:ons of beesr',¡ax and foul'ld that fhe even-

nurnbereci hydrocarbons are definiËely Þresenä, but ín a very

small concenËraLioir" The same r/,74s reported by Ðowni-ng eË ?1.

(f6) in 196t" The resglËs of i;hite ancl lowning are ¿iven on

pa3es 9B and 99,

iloi.uning eË a-1." c1Í.<t a cluantitaf-ive deter;nilratt-çn af- Ëhe

compcnents cf hyc1.::oLzed. 
-beesi,.¡ax" Th*y achíeu¡eC a separaLrr::t

of the irnse-pon.'.uf iable fra*tio,n of, beesi.rav; inLo hydrae arbons,

aLcohotr-s and ¡'d.iolsr!, a-lr.<r elf fh,e sapeir,:"fiab1"e f"rae:ci'$n inte

:icids ai-of ll.¡ircx¡racids" Ti:c,/ re:ducccl. ,r11 aie clltLs anC i'dj"olsÈ'

';c Ë.h.e correspending h)'droea"rbon rnixt"úre. Siinilarl-y the eeids;

'¡¿Jêrê i:ecii"iced to tire correspcndi.ng hydroearbcns, These pre,lared

h,od-rscerbc¡ns,tv'êrê ane*7-yz*a i>y; gas*triqu-id cLrrornatogra"pi-ry" IR

*heír pê.pe;: (:"4¡ fhey gi-rræ 'ïhe cÕiTlpæsitir:::l by vreíghfi oÍ each

homologue *f. Ëlae hSrd,rce arbons , ,e.'1ÇûhGls u 
Ëúdiols tî 

u ae icis and

kiy dt:e;r..'.i c j-dc 
"
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f'ï¿Irr-{.1 tLT i *irl f,y lll-i T. li --l_,;:,_11:ill f

Th* h¿.1j c l::i¡-::t{::i"p1"*" j.::; ,;ïttr VT:r.:*,:.:iliçi"r::: ryf lfi:r.li,-1-a;r*::l

f *::s j"s-ie *-î. t::i:lrrinE a ):':i.-t.i r:gletr.i:g *f ,?.ì1 r å-i¿ar'*r.nä ilv,-;.ï å

$;TlßÕt-h f .laf slt::fa*e u ûit* E"l:.Tf ,.t::.Ð bni::g ;.il;-.,í,.1-1.\r 3La*1.
Ç,3-r:te pl."el'¿g

T.na r:7-;::,:t ç). aTr:n ,-.1.g,,:il -,,:7âïß l:i:t¿Í"nçci f ï*n, ¡z l_*r.n 1.

ha:*¡]¡¡rzræ 9,i.{¡rg," ï¿:::;,ai:.*:.:: *t t.i:t'L::. frE,rf-fi.d:* *f *he t ¿l*_r,:*:

l"- n.rll-. êlrlr:iîr""ii * 
" 'lf L i¡r" 1,74:r:i-crlrs e:-zç:s cf 1;:,hr, ¡,1.as,F -r,!firJ{l \::..;:T u

5: ;'l 2*, j-C :e ?*, 1*. ii ?A *ni ?.i: :t ?-{} rf*. ,r,{,1.'1, r:,:1,,,1*r, t:,tf ï,it*
.:,L.,,tfeL: líq.ïq r,.:i.¿ktt.;,. h.*ç*'L*ð. ant sntl,"i:ht:1 , Tf;,_*sc .iîL'EFs l.'l"t-irg

":,|ît;ii{: tle;"::-:cr: Í1 ,:"::l-?-ði--!..fir,.r1J_j," l,hr-.r rJ.lt*,d !*.:: ?1,, r¿tt:.:,:(;a i.;,: ilg*.

r:hrg"n:,.l:,..:li"-:f',..:'l:it::ac,:.,iir:}.":-,:::¡Jçle";¡h;,"l'::i..:-"l*i.^rl3ui,'1:.kú,ir.ii.."l1:.,eð,.I.'j'1j?::

e:::.ü \.:.:,::iri..l:.,g it:...ðji r.!r,c>n;,¡':.. "îj:-is ?"i::rü{::*.,-j.:;* i.,,,:_g r*peal*,_i_ e,r*h

i.'.'r-fi+ -*hr: ¡.1..,:,i;l;* n¡ttÊ?i* l it:iJ,

,i:i iå ;-"'::irr;nÈ,- g



Theye arr¡- ài,!,f eten*es bef.ræen i:he f,r.+c ¿.dsnrl:'e::li;s" Sil-!¡-:e

ilel- Ç zs es::eRËi-n1i=rv eciC i,¡;:": i:i:araâf*::, wher:ees ::iLunini:n: CI:çíde

* is esseirtialiSr l;a-sie . Fu::i:he::mcree Sili-ce C*l G rniry ful:cf;iCIn

i"::r h¡tll l.iscrpti-on a:iC. parti-ticn eh-romatcgraph;;, Cenending upon

äha scl-ver'!t sysÐenr usÐc.1." ÂLr,r;¡j-n*m e;<ici*. S o:'r f}:e cflha:: h.anel

.f :i-ticns cnLy in adsc::pËion ch::cnatc3ra.phy'

Pcrous Glass - Upon Che suggestion cf .Dr" Gesser (ZA¡

i:"rvestigations viere made iv-hether pcrûus glass couli be made

applicable fcr uhin-laye:: *i,"o**to¿raph1'" The psrousì 3lass

of raesh si-ze 6CI i';as a-r¿ailai:le frcm Ccrniag Glass ',iïorlcs, l'Íeia

Yori,, (ÇoCe 7930). IË was grc'.rnd to a. ntesh stze 200 to 250

anri nixeC '.¿iti':. p,!-asre:: cf pa::is of fhe sane nesh sLze, i-i-i a

::a.tic of 87 to 1"3,

P roce 4u.lr e'.1 s iirg_r]Ke ns c c¡ ri lc] ui pme nt

The ftf..enscofi applicaLcr avai,labi"e frcrn K.e:rsi"ng t'*n

Jclenti"fic Corporation, 1-7L7 :iiiftlr St::eet, Bei'keler- 10,
4,

fl,aiiforn"ia^ t¿as used. for t-i:c prei:.r.::at!on of eÕnsi-tant anelr * --¿-

trir:.fcrr¡ l.ayers" Tliis *-YPã cf sp::re-dit'lg d.eriicc i:as â. Tal:ge

-base" Ti'ie::e is a guide along one side and ii-i fihe center j-s

a" st¡"tionary Teeervoj-r u,irietr has Lt¡o movable si-des tlnat cân

slic,e up anC aor,,¡n, tns ef ftrese sides has tr,¡o vertical iroLes

fhrnriqi-:.'iliei-: prli¡slmclri: erì1-êï¡7s aTe ''lacecl tirat control t-ireLÀ¿4 ?l!õ!r

thic-l;ness of the ccaLinE (f:-gure l)" A slurrlt of adsorbent

and r'¡ater j.s pl-aceC:-:rside the::eservovt and. then the glass



Figuro L

I(ENSCO Applicator



n1ätes âre sl awJr¡ nassec-l benea-Ëh the reservoiÍ" The i,'¿i-dth of

¡h,o cnr,:grr'lai^ i c f ivorl hoi lrc 1f\ rrffiLi:ç èIJlçGl--u¿ !ù iÀAçU3 uElrlé Lv çl:to

1'hickneEs gf t,ls: Iaver

One of the varj-abl-es in thin-Layer chromatography is

the Ëhiclcness cf the coât:,-;r¿ ap¡:j-j-e';,:.. Experiments were made

i,^¡ith seveÍal tnici<nesses rangi-ng frorrr 0.2 Ëo I mm" The

ftthickness of tire Layet is unimporLant r¿i-tir resilcct t3 tire 1.¡

va lue aird 'Ll-ie Cegree of s ecarat'i on¡r ( 2a.) . ilör"eve:: , as Ëhe

tiriek-ness of tire coating i-s inereased, cracics der¡el,r-o i:rcr:e

easily oir Elte sui:fa.ce cÍ tire adsorl¡ent i-n tlle d'::;''i¡n,3 prãceßs

and tlre surfaces ai:e not smooth. It ¡.^¡a.s !ioneg3e:-' (ZS¡ v¡ho

shov¡ad {:haf 5 mn was ai:out the ;-¡a";çinr-in.'. Lhicknr:ss cne c'ould.

a-i:¡;li's i,iheïeas Slcahl- et t1" (SS) f ounci that t, i5 túi'ì:r î,';å.s fiire

in'r.-r'ii¡äu.in tiric-iiness Lo be used in orCerLo cbiai-;:i â ileasonabl-e

sepa::aticr:" l,íosf rs'f" ,Jr;i'f -rro::1{. i'¡¿iß done l';ith coati-ngs 0, 3 ;¡m

thicls, because or:r wcrli r,¡as largel-¡z q-uialitative" The only

advantage of u.cing a thiclter adsc-¡:bent laye:: is i.: creparati-ve
j-l-ì - ..-1 n=ra- r.!r-anr¡r Í-n,--1-c:rir¡¡r-|L)_IL'" ICaJv çL t*ItL !ll:td. ç\.;LL aJ,tJ LLj 6

Ði-êtr¡ r-: l- Í ni,r /\l rÌ J.,r-r-'
:l:ÆiL+vtl l¿l: l-rt:ÀÀY

Fq::*a{sgr:rtion thln- l-ayer SiLroinatog::apiJv * 11" åry

ailsorbent sucj.i as Silica Gel G and;::.j-uininum ûNide Ç:-s norina"lly

;nixeC r,'ith a liquid suti: .r.s Ì.iaLer, anC tireir sii-rred i¡igcr¡usly

t* p::crl'*câ ír uniforirì sLt-t'tt7r* Jus'c the ::iglrt ::â.i:.c iìås c,r be
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used Lo obtaj-n a visc,ls:,ii' su:-ta-ble ¡1or spreadin;, ncither
¡i":- -.'i1 ; --:- ^j.r¡.^ aa^y-2 J-Ì--:-^ .c:'l-- n-- {-,rn ?-hinl. v"tirichLiJU {-:lå.i1. !'lilJ-ùir ð¿-Vu:j V!:L)' Ç,¿-l-tl J.-I-Iiilù a :t:-}!. L\J'.J LLIJ-LL\9

ie:rCs to f crin ;;;;¡3girLa:: ..:â;i€::nÊ å"nci 1-uinp;. s?cLs" TFre

r:eccnmen¿led ratios (3+¡ r.,re iÊ f ounä satisfaccc::y, SiJ.:.,ca Gel C/

r¡aier 112 (r'¡/v), ar:C. Aluirini-rin oÕ:ride Gfweter L/2 (i¡/v).
l7n-"- -:r-¡ j-i *.-i ^'* Fh; - 'l ^*ra.¡ ^ 

jr.-a,.¡ l-^-a-¡ Í.!ll-.7 * .\:.lil-i. i rrnr¡a:¡.- l-,a¡'.. ur- :Jct-LÇL¡-ÃU!¡ LIIÀj.j*J-(1 yç:; (-.l.LL-/l.lA;'J.;&*v.-/ -, Ê-r¡f

pLaces" $iLvei: :ritrate irn,:::egnaied. plates ',,/ere Þre,Dared in a

s.lmil6-r rriei-lner: as describe¿ ¿þ6r;È f *r :ìili-ca. ãel- C plates

(1r3?), An aquecus scl-utio;r of sil.¡er iritrate cf knciçi: sl:'re agr;h

i'.7as a¿ded- t* i:i:e adsr)llbeíit ani" r:lade :tnte a slu-::ry anC i.he latter

erpl'i eC to tiie plates \r¡j..th i:iie ¡'li:i icator. ?he pLaies "".;ei:e

:rïe,):rrei. so T-l:al tiic Fc;.i.:ii: si l--,r+:: -'r;irate 'ry uc:.3ht cn t,r.:a

cca.Li-ng iras ei,tire:r 1"L,% or 2'ûiá '"¡irich have l-re.en f*r:nC to be

sa-Lisf acl.o::rlr.

lo: :a::ÊitÅc:: tirÍ,r-l-a.¿er cjrlr.¡i':raEcÊrapr¡¡ -. ?a:raf f in

i¡pre:;aalejl plates * It ,,uas f cunC most col:rvenien'L fo dip p::eviously

r-;epareJ Silica lcl G i:later; caut3-crraly ii:to a 5% 'r'¿)l,,-"'iia,: cf

;raraff j-a oiL j-n ligi:Ë bci..!-i:tg pcirCIleurm ether (8,?" 33 * +çc:j "

One end cf, tire plaLe i,ias p1-aced firsi into a fLat- di-sl'r contai;i.rng

iire peraff in ciL, ar:d ihen fire r.¡hclc ¡l-ats r,"=as "subirerg:.J.. Tiris

¿ave a u;rifc:::n cûat:--l; as î"i\"11 as p:f,:,r"rri-r.:i:,iilg the bri:aii.r;:g uip

#f. Í-he *hin Lå",'er, Ti:e pi"aCes Nre-{a reintvÊri ft*n âhe bat"þc ;:"nC

å'r re*. aE. iiÕcfi ternneratugc "

F::ei:+.i:.aLiqn o Jçtllous i1¿s:; S_Iq¡::r:¡ - The a"f*-se;nelrLi.ened
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?T*?s-Teã fiìi")(fure ,;Í rlrl:{f,us g1-;rss

z¡i"f.i:t distil"i-e.cl r.,.iå.ter ln a r¿Lili-1,*

,,1.;p l"ie11 i-n the s$í1ê ir7.1.l\¡ *l1'tc ihe
i-!¡ -l flrJ¿ i !'Ð

.ltni-'i':-* l'i r.¡-

anr!. p.l-aste"r af

*f. L/ 7., \n /v.

i:1.l'i-ai .19 i:ra,fi

,'ì.1ìI.'Ê q Ì"79 q

; j tG ;> "LrL.l" À:V

¡{ r'iìt â î.r: ¡- l-

-i =,n.ìIttj-r\.;tl

\rie.'J

Í:i"li.*a

T'h* p::epernrl '1-1-frtreÐ r¿,r.;ìi,? ¿1l*r",;*,j. f* d;::- ,î.f ïc,:m fe-flp*ra.tu3:c

Í-:t:: ? t:* .3 l:cu::s, f r:1i,*r,tærJ 1¡5r åcIj."råh L:i?,, :"-:-- j_"î:* l.+ 1+*{}C fti::
3' l:.curs ' TiÌes'c Ê-c [3-r.oã {:ûal ;} 

j-.?f âfl Ì"ra::Ê sc,r::,,:r] j-r-l ¡r. d*¡,itcator
,"r:-rtíl --rsed"

.r"pplj-c.:"1!Ën *f. leri:ni ::

TT:È !.Ìr?í"*e ,Af *äcrl_:,,,1Ë::t- tr;.__0.;,.c.,¡q1.,.¡';: _ihÊ þ * Ttr,*

i:i;1äplÊ. f:û i:.* a.c.l l_:,,e C ,sltiçl ii.l:.r ch::*rne..fii:g::,:n sh*i:r-J"S i:il ,:ì:l ns4;1=_rrr:,C

in ¡" suiLa.b.T,.¿: sc-:3..¡*;::L Lo iraLr-r: uF å *"l" t-* 5"/. s*l.r.lr_:-ç¡3" Tl:.is

s'":.1'r*¡r,i: ei:,1*ir.l"d hc 1,.*'¡ hoj-3..Í.nge ìrref*,r.i;\ly !:eûrr,:eeä 50 anc 1.00*t,
to a l-l-*.," -$ne tr] ïr:ìijtsï"# :,..'Ç ririi-ekiy l::y i'r1.*i+å.;rg ð,ry a.z_r Õ,l¡elt j-f ;
l:"*r,¡*ver, i.t shçt;1;1 ;r*t evepc;rat* î*n qu.i.ci<3_ii" Fil::Ðhej:mfit:e,

ii',ç: sû'!r,'çrtt¡ sÌisi,rl-cl. ï:e ,?s :r.o:z*i:or,r:i aË poneib.!"i: irr *rå*r i;haî:.

l.Ìre ;ariipl"a i:e ç',-:¡*iiiìf -:: a.tq.*, :,"t tt-re. e anf e:r $f .che p*ir:T_ o.F

a,pplÍ-e.'ahion n¡:#- :i*i" i:2."i i:he peri.:_-ri"lerlr ,:)i fiz+ s.ürÐ.
'3.*i"vanfis ai.¡4.rtr-abLe *c ,liss.:lve beesirra:i are ehl-cr*f ,orrr-i,

+,f:,laev:. and *åri]¡rrl LeË::¿r*ilL*rL,Jn (ro|j " Beesr+ax is parfråa.l,ly

s*luT:le ín e *i.d i:er:zr:ile ctr e a::T:o¿: d.isr:1.f åd*, ñ.ïhl- sp¿ìï: t:ng|y
ç+1çlrL*' ín col-d al,':+ir*L " fii:;-li,:* j..f. i.;; c::efe:lal-rl-e f+ ai:p.Ly äir*
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srçÕf..ç fran a âçLr:f.-ir.CIn k.*.pt" 2t l:ßnln tCTîìPe?:t-LüTee CnA i-S Li-r-:+'ilC

fo ehlov,:*f*:ln, etirer en'l *å::'h*;;:. let::*ch.l,c::'!-cie" Chl"c::ðf çrr:i l',:s.-q

¡rljÊf.ârred, a.s a g*lr¡*nL f*l- þ,ees\,:!ît7is l:er.alrse s*l-',"1tíons *f,

*,äiÌcenf.::af;i"an grea.te:: flita.n 5i" coul,:1 mñr,å *aSi"!"y be nìåC# f"ra:r

r-'¡:Lf Ì-;" the *t:-lie:: sclve:rts, a:td 'i:eeause .i-f gaî"?e in,í)ra uit3"f *rn:ri.;z

¿l:Lsì:r;î-Ì:rii:*d sp*t-;* ci:l t.i'le ci:::c'iti¿-L cg::arn i:h.¿n s,:I-uti,lns j-n fii*'

c'lh.e:: ç *.l-r¡en L: s "

¡lîncqi:li rif_seîiìt;le-gpirliÊC - The a;no'-ilti: ,:f sr-rnp'l.e applied.

is based upsn th* purp*t*. nf *h.e sepa::afio::, whetire:: it is frtt

qun l-í.ts-i;Í-vê, iii.r"an;iLâtir,'"- ûr: pr*pa::¿tive ci'lt"t*lratog:raph;"'" Fu::{:ne:iíi1i}re e

:=t depencl.s rp.rn tite ti-iiciti:e,ss of the e':ating. The l-hí*ji'*r 'Li:.* ,;*atí;:g,

thc mr:¡::'e e'l"mp3-a. e¿¿n i:e appii.*ei" ii*:f qxe,Litacíç,i,¡ r,:nrit ar?j¡ .airlû"*nt

'.','j,1.1. d",* Y'røt" gj-rres a" g,:a.1tr resclu[:i#ir úf ii:e rncJ"lçi-cr-lal sir*r-s anrL

s1;t*wm Ltp f1"ie f,¡-inf. ci:cLs ri.:-sü:i.net3,,"" Tn the¡ t¿1s* cif qr-ril::fit:al-íve

sepa.r"'atiJns, ¿i r-l*fi-;r1;:: .¿':1"'-ii,le ;if ,a prepa":er.l. s.rl"t¡tio'r is ri:pì-Í:e11

i.¡iLir a rianij.l-;o: s;;rii'ge" lfc:: -oreparative *l'{rorilÐ.tÕ¿rilph;' E.s r,:i.'f,li

âs possi'nle is ai;pLå"ed u"l¡rieh sti-l1- ,viel-Cs â gccd separaLion.

Hechanism cf_eppl-icati,c4 * The sarnples r"rÊlÊ epi:Iied at ¡,

rJ,ef^!:""t:tt-ir: d-isiance, eit"irer L"S efl Gr ? ern f::cn fhe lcwer e'Cge

.lf the ci-ir:+iliat+plateu lry tol:r:hi,ng tl:ur tip cf tire lls-rnil-loi'i e5'-,:í::rge

to tire adso::'ne;:Ë eael: firne a d:--np rias for:med. orr the $y"rirìge,

f,f^ set¡er,al drops î.rere appl-i*d fio ähe f;âm* spo'b,'Bhe spcfr w-as
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qirie.d afäer eech appì-i-caticn b;; passång air over it, .Af ter
iire si:oËs r.vere applí.eC, a li-ue r'¡as d::ai'¡n across tire plate to
narh off the height to rvhícir Ène developer r.ras to mi-grate, Ear

preparaLive a-nd. quantitaiive thir.r:1-aye:: chromato graphy indir¡idual
spots si:aceC I mm apa::t 1¡/êrê ar.!.;lieri ¿i.+i:g '{:i:e botti:r* ,*f the

cl-ir*¡::atopla.te. Eet,Tei: separâti.a;:s irTere ct,iaiiie J ai:ply-J;ig s::*Ls

atr a cerLain <iistance a"pai:t than içi-leir :; ccntízruou"s line ûf.

spofis e lose togei:iie:: i,ras placed along f:he iroiÍ:om of ì:i-,Ê: pl-ate"

,E 2 +.t'{in¡ tlli$ - lrlye r, * l:¿otra t o gra.Þiij

The p::*pared p1-nfes ä-i:{i. nl.aeecl i-¡: th.çs ciirr:n::¿rï¿:graph.åe

cu':¿.,nl"rero coirsi#i";:lg *'f a -ia:: i"i: i,lh:-*'i: .:. ra*k- hr:i.l..C,ing r*"ne ol.ates
j-s sL:sLìei-i'j3";1.o Deli¡ei..,rper is p.l-aeerj en {:j:e ¿ar to a ler¡*J" r.¡hi*T: iç'i-ll

:each i:ialfr+a1. f.r"ry-n flhe l:oi:f ,:i* nf '*h.ç' pla-te íl.ct, the ,$F{3i:s " /tle';jlg f-i'le

5..:q:rsi'i,e r,,,¡al-l cf tir"e C,evel+pÍ.ng chanbe:: ci-*:euna.Ëog::apliíc på"per is
i..ine'j. to insure sa{:u::aËå,*n iøif:trr sal-vent vä.tlûur" T."1'Le pl"a*es are

su.spencìed for a fer.,¡ rninutes i.l:side L"ire ja:: u;:Lil th.e aimospha::e

rr¡if:liln lzæ"s ::ea.ehed satr:.retion again" The -r-aei.- is th*¡:l lov¡ered Ëo

the botioni iry tire prot::uding rods" The reason far altr-owing fhe

ehanber to reaci-1. saturatia¡: before ti-ie d.er¡el*pmen'c ]lrccess s-ua-rts

is to get a cci:rec; rr:ading of the s*lvenL f::onL" In an

rinsaËura*ed charrbe::, r:he sclve:rt ai ï"he scl,v*;:lL f::onf eva¡:oe*ates

c,:nLiiriiousi-,"-, i-i:creasir"ig the devel.c-pmenL Lime g::ea,ttr-y. sueh

separs.tions ere equÍ.rralent ic increasj-ng 'Lhe Cevelor:ment disia-nce,

t¿ilh severaL af lile u-oner c*rn-r:r:n*nLs er:owd-ed in Lhe solvent f¡:onË,
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f,g¡g{r$jli1.f Valr.:cs

'i:te '?,ç val-ue j"s t;:i;* ra.ti,* of tì.:e dj-"stanca irave::sed by

fhe s'.:-L¡sfa;?ce äs il":aI Lrave::se.el i:3r t:l:zc:. 'sol":+ïiÍ, both cf i'¡hi-eh

a-re íi:rêâ.si:rïec.rr fr**;n iiie p*ånt cf e-ppJ-i*atj-ûr-¡" The Rr '"ÍaLLr-æT

*bï;;zii":ec1 are re-!-eLe,j- fin i;hre lr"ç vallres of tr-:;i';ìr'es iìr:ll{J?: t}in 5,?ae

*ant-iLt.Lç;: f,*r ealie *f -repr*.-}.ic:¡-i-.ilit.t¡, '1i.":,1 test d-3r,* 13ss{ i'¡¿3 the:

ð.Te s¡rsí-enr of Sta.ill- {50} cc¡:lairiå-::g l:utter 3,ellol,r, ind*pl-,enc1,

an¡'l Í.î'-:,dan F"ed Gu (Avai-lab,i-c frr:::n .Ðen"r.ga. u G"n"1]*l:î. e i{ei.d.e1-hergt

Gerraa::y, Americari agÊ:':ts, C" .{" Bri":n"}<.rnann Ça", Ir¿c" , Greax lrieck,

Long i." l-a irrl , i'i';'.t Y.;::il ) .

i"ler:icrl-; L1f ,ljËçe.JË"iün

",!:: e:r{-ersirr* l-!si af spï¿ïys 'Ll:¡-i: ca* be usell i"z:. {:l-i3-ri^Layer

*lir*r¡e'c* g1:r;.phy is gi--.;*i: h;¡ ;'?r l.l-i: (13), Boh,hj-tt (Zn; a,nð.

I.,:.i:d.eratl". (ll5), *rL]->, n" feu ::eage:rt 'çpïå]?s p::*r;*:-ì ui;'*,f"* j" îr."t'c

*=iT )t¡û.t1,t-,¿ Ei¿,:h ¡.s to.¡Írre îdÍti.ã'ii3:, 2uV t*c1í*Li1*tr-:'f"lçu'lrcscein,

.?.i:oda"nånê E, sul-furic aeíC ¿r:d. ci:::,:i"rLi-**suL.fu::ie ae íci f-at gei:e:;al

,i:i,:äact i"am ,sf. conçoiren:i:s, äll'td, sil-çer n.î"1::¡t'e'.'¡¡"rr-rgail+"1. (63l;

-s;rrtfliil:,r.aLL¡t 1=or aej-Cs, Tlie nlefkiori su¿¿e-ti:edl by E"arrse¡' 6lrç1

Fatlerson (44) içx riefler"ting â.t'å,j¿$ ¡;v-if"h '*i:t,;i,,3Tes,:.,.1. greÊ1"1 diçi nct-

!,irze ¿i p,?sitir¡e rc:sutr.t clf the aci..d fraeIion *f i:eesu¡a:1, i'rliich \,Jåse

irÕrr¡Êrre::, obserrred r,vi¿l.r such ¡ sprey es si-l-ver iritrate-p)¡rogalL.*1,
l,iTe *sncluded chae iL wes l"ess sens t"it"ve a::ld hence clropped tË in

farror af" fiire silver riiLrate-ijyrÕgãilal spt:;r.y f e:r cleÐee tiirg acids.

Í1"':ti.ntÇhg sp_oËs

In i7::epara.tctt:y auC ciuantitat.ive hirin* layer cht:cina.tog::aphy

one musL rerrr,:"r.¡e iire compsn*nts f r*rn i;he ad-çcrl:ænf,, This r.,ras



'Jone by oreparing a

ô^-áó1¡+¡. n.i"*-'1 -' ^-ç1- L,:¡Þ l-Þ 1.-ìr ¡rLl.rlJ -LJv (JI ö-

rt+stricti-nn lreay:,31:¡e

f.¡re res'r1riet.j-r"tn ( se*

:.. : .: :: -:

type of gl,ass aspi-::ator (68u ir8). It
giass Lul¡e rl-r,:,v¡n çut st ì:*tir eirds r,;ith

end ,:f L"h.e i-ub*, a.rit1. gla:sç i+c,cJ, plaeecl.

cìiagrr:.n '!:el,rr+) 
,

'¡ l-

l'fiL:ii Lhis der;j-l:* .crnê e;an e;o,1r-}*ct 1¡*]6c: ¡.d.so::ber.lt riua-n1;Í-tatiu,. ly
a-ft:er ii L:i¡-ç hae:i ser,:.f,ched '1-cc:s* r¡:ilir e, rii_i{:rn3sr-:{_¡pg sl^:.i,ie u bï
epptr-iri11g ¿ 1"racuui",r cn Li:e rîigi1e ei¡¡d" A r:,,..--:n*r;ei*ü.¡:uei:j,uve i-:nciåeator,

such as j-,¡"1åne v'äi-j¡ll-T,tr sh,pr-:.Id be i:see1 c¡; loe¡r** ci:*r pcisatj-,;¡i r-.-f Llre

$pofr';o v;hi-ch v.i*re ihen *arL;-r:d Çjf-f.. O.ft*n ,;r¿* .je',¡el*pecl spr:{: r;ssl

left o¿r tire i:J"eLc+, r.ih-Í.tr:ir- w;-r.s L:her¿ sp::ayq,c i¡rf:rh.2878*dieh;-*-::u¡*

fl.uoreseein i*l-Lct"¡eC by cha::ri.ng r¿íth chromic*sr:rlfuric acid fci confirrn
flae f!::s:i: de'¿eccion¡ j-,Ê" tlie eine i¡;if:h tnù:-ne for exa.mple,

To elute Li"re eomponer:t.:; F-tnm th,* ar'iscr'l:enË in i:hc:

asprrat,crr, Ëhe gla,ss asplrail:*ii rriâ.G t"*axTned. by p1-a.*ing å î/¡#"rrn

t¡ater jachet ai:cuL ir (see rJ.Í,agrarn bel,"or,,r)" The çolveni-

chlerofotrin*acetone in a 50¡5c ratio r,vas pâssecl Ëh::cugh it
*tlor'¡iy to c1íssolve the courponents $i-l'd. The solverri: chloroforrn:
acetone i:as used l:ecause a chroinat,rgrcìri1 usi-ng Liris soluËj_an

as i-e.veloper rneved all" eomponeats L:o fihe traT, af. Li:e pL.ate.

I{ence ii: i,uss mosä u"se'f.*1 i-i-r el-¡-lLii:g ai-i c*nrp*ne.rrts quiekl.y,
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a¿LTÄLITjiT:T/E AnSOiiFTI*I-i Tilllt*L/:'.YER. eliRûÌ.,tfr?t#F,¿1,FUy 0F EEãSI,,,í.A,'(

"The fir st ,ît,?p c'f í:hr¿ ryste nEtic ':l1'rc'i,râto¿raphic anal-5rsfg

çsf. bees'"ua:< js íhe separati-*r'. cf tl'Le .:o;ap1-ex natural sribsÈânte

ini-o cl-a-sses oi ch,=ririie J ll;. s",: ,il"a-,r i"*inpounc'is " .Ads,-r::pÍ:i.*rt

i..ri ,'r-.'|.,î*'Ê,ï t"i.i'^-^ Ë^^'-^--r^ ' '.íril túÊ 'rtsÊ,1 t,.] *Íie.;t su*i-t ;l Êc:;-'."l*Fri--i r.¡ì'r -r..r-::- Lt,.j',,,!, ç r.-r'Jr:l<'-L.Uóf =Flijl 
ç.;._l!i lj¡i Ll*-,(At-: L(, f:! r_(-.:UL JLlUrl ¡.-

'tt:Õi¡t*¡12Îî, it i-s irei-¡ft;1. Lo ilave a¡:r i tlea oi ;:l:e i:-d*lií:rfi' cf Clre

cr;i:¡;:¡:el-rf:s i:r.esen{- i.r¡ 'ci:.e rni>liure" li'*1jru*:: sfl.i:,di*s índicatecl

f.l¡af {:i¿e i1*3l"or..'iiig c*l:¿sti[u*n'f s åiû p::i*e*rlt i¡: beesrr¡a-;< (t6]:

l¡,âr*carbo::ls e *3LeÏ-:s u ai..c+h'*1..s u Itcli,-::1,srt, **icL,ç o hyC:to;eyaci,,*r*:',

ir.nsaf'*r:jaLeci acidt;, er¡rl áä i:;:i,j,: r:,i.::-f. åe,,j_ s",:"i:s Ea.ritç*, p::z:ir;1L",.1"5r

i:-i3üirr)-tr-is" Thra sesl:tn für f,h* r:..ghL *¡'i¡bir:aîi-,çtr t¡'î" ader:'rbani:. and.

stl-i¡eü.i sysi;en fcr: cì*v*.1.r:iri,:ei;f :"s thei: gr"eal-L¡r:ír:ni:L.ifi-ei'I.

ihe ¡:c'incii:1-e r*.l"a. i; i.ng i:Ttr: lii::r;e =r*r-i¿þ lr,:F : .r rlset::i:e ni-,

,çcrl.ue;:i: sjr-ef s¡¡i ¿t.¿ i+ul.,stance i.c¡ l:'* i3Êpí-r.råi Letyz"e Cåag::a:iiaE.ter,:,LLy
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*ne can see from Fig" 11 thair as the pr:larity r:f ïi:e

si-.rbgta.¡tce i c ba zeT)Ðt¿.!.ed j.1cïeâ rles , f h<: il*::e pol;-:: tira scl.-,¡eiit

¡:ust he, ¡,nd tl:e less ¡-*t j...¿e the ti:r:licnari' nhase. In p':a,ctiee

=-f,* 
j-s eCvj--qa"hJ-e i* vt'T3' the r*bi,1-e piiase ]:efo::e ch*.rr;ii-rg the

si;lf :-r,naty nha,ç"e 
"

Cc",n_*+'¡:í s o;:u *f +cisc::ber.fi s

llxpe::å.ne ni:s Nerc ccr:c1r-:,cf ç"d ..;åf-h tlie eva:-1.a r.\l.e eds,o:,:L',e nL* r

*iL ic,:. QeL Ç', /\,l"ii.iirånum ezt.úe c a.nri pû:rslrs g3-ass, Esse.rri;ie1,1i".,

ailsc-,:i:fi*n *-h;:oilai;:g::aph;,. **üu;:s G¡1 i\.1-umir.riini ii:riCe f 1-a;;e::.

i-le¡:e e i-f sh*i.il il sÊ,Ðâr.','e ihe cûlrpl,e..; nii:rfii-i:le i-ntc cl-asscs r:f-

*ornpr:uncls. 5tLt-r;a. ûeL G cn the sil-¡er i:ancl ;:-ves '.::-tire:: a.:1scur'i:ii*j-or:

cr par:t!ii;:: e hr:crna"to grapl:iy, de parrdi,rig *ir the solvenL *y'sterr

irs ed "

For i*l;tâse ad-sort,enLs ilae r+a-Ler co¡:rtent j-_s critrcalu
becai-rse r¡aie-r hlccL:-s the acLive siLes of fh.e aCsaubent and i-ncreases

Lire rleg::ee of irartrticn ch::,iriatoal'-phy. For thås reasGrl sil'r:rß

^-l-#praLes rrel-e aciivat*cl. rr'J:rile -ni:l'¡ers,..¡ere sí.inpJ_¡r d::i.ed aï:

?:Goriì f emperå.ture. Plates d:: j"eci at ToÐfi tempe::a.lure sÌ:ior:.1_d

^-i-,^ l-^++-*-ór-vç ueü.LdÀ ueparåüior¡s af ï:he räore ¡ol-ar e crnçonenLs í.n the

iÎí"xËure fhan cf Lhe l-ess pola:: cnâs" This t::end- i,¡r,s obse::veilg

hnwel¡er, Ðc-iling incr:easecl r:[]::ti:âsi.-*nåin¿L¡, e_nd, ï.k.eretçT*z t_iris

åech::iiqr-re T",r.eG dis*onfinued. !{c-ø since i:oth, a.i:[:- j-v¿¡.fi*C Si]-rea

îr:1-,î aird,\1r-rmi.num 0r:!¿-lç G ¿l.eäes i1JÊr€ ilsêr.r'J., i,"rå.fL-r r:cf; i.cn

pÕlâr c,¡.]^çents , p:ri.iirari^1;'' a"*.s*rprt".*n r.hrc;maf æg::aph;,2 toair Ð1+s_ce.
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*n -trof.h t-ypee c,f pl-aÍ:-*s l:es:-ilti.tg rr-r-¡ el¡äc¡st .-c=elentical" separ:at.-'!.-ons "

Si-l-ica Ëel G -çrlaLes r.'re::* ,-iserl. rlcre freqi-renf l;'"
i:-fiL-or-:s gl-ass ch::o¡nalc'i:1.etes lrere useC as kiell, a::rl thei::

rcî.al:aticn.q i-i:qdicateC, ihai. Êlojie p.ari:i.ti-cn than ade arplioi:
chramatcgra-i¡hy r,la s ta.ki.ng u.tr.e,ce, Chr+r¡e-t*gra.ms Çf t:ees'.,;á,,.ï r

11 4.-lr,ì*'r'a r.1-a, q¡.å nnaes+¡nii r'^ih^ F1- ¡a1--^-r ^=,..tCm hi:i'r<3JtÇLL)r V/çer! d.ll.t- iaPG.).:rrc.L-EL..l- uÞ.1-!!¿ Lilt: ùJ<1Ulc: i'i-rr_Veill¡":iy;:

;1i.f fa::enC açisoLlie!-rts shcl,¡e;l tL:¡rt. fhe r,¡axes r./ei:e separâLed :-nto

i.lìûi:e spots *ä. nÕ:riius glass *l-rr*inaficpla.tes, See Fig" 3 "

Ti-re por*us glass adsc¡rb*n"f rna;r be sf ccrlside::a-ble us+ Ln

på,?:fii.ti.o;t: tli:i"n*la;re:: ch:i:c]ffia'rngr:a".lh;ru sii::ce fhe na::1,i-ele srre,

ïrcrt:e size (('E\ a,nc1 active si-e es (AS¡ can be control-l-ed ani\'//\vJl

vari.ed " Iü has a '¿rea.t pcten*i"al- val-ue f *r futi;::e ínvesf i-gatio¡-rs.

--.l¿ 1'!-9:::'1'-ù -Y:l-l¿:-- L t=:S-åi.llE'"3

Tiie ll-f válue ûf a coJ-1lp,ãnent cir e- chrcnat*gram ffra.5r þs

increaseci by ir-rc.reas:i.ng ihe p.o1-â.5j.t;'of tire scl-'¡c;lt o:': (l¡.--,,'e,1,rpe::,

Ser¡e::al cl.a"ssicai- eJ r-i,¡f:rapi* ser:!es a j:* l<.*elt¡i3 r.,¡hi*h ca-i.t set:l.e

Ð.s gu.t'Jes irr Liie choic:l ;f devel*¡rer" Thc'se l:]. T::appe {,6A},

St::ai-n (SZ;, Iini.ght a¡::.ci Graennings (:n;. ï.iei:er anc ::r:.:x {.46)¡ , e.ni:l

i::*r;i the lianr1hoc:lc cf ?h5rsis* ar:d Cl-rcn:i.st::ir (.ZZ¡, ãTî:j *:::^1-¡r a. few

rvliích $iay hê åpplierl to acisorpti.on th.i"r'l *.1 ayer chrcrilLsåi:*pi:y.

A g*a"J ru].e fc c'L'se;rve i"n i:he chcj".cr: cf a s'#li¡*nt s¡rsLr:rn is l:o

L¡.çe-n it as s j-uipI.e ås p,îs3 j b"l-e {3¿+) "

The::r": s"::e i"rr,'l: gener:Ð-L1-1t s,ç*u.,:tei \..7ey6 í.:ci rT* p::*1i-ini-:ta;:1;

å"*s'e s f c;: '*hich scl-'!,i"reni wi.!"i f ir.,:lci. Lli.e ,jesånaC Ëc.Ìrr-::s.f zanu iit
c.is c;i.sß t:1:e n+,>ç:,ríi,Jä :'ti;"äii¡e:: cf disf i:-¡o::t r:¡ats " Bi¡ f.*.t:. tire,



20

0

8Do

o

el
U

l)
f)
Uo?1ood

o
e7
o
0

0
0
0
O

o

o

0
U

A
U

n
br

00

l)

I

L0
em

abcdefghi
Figure 3 The devolopment of t[nee waxes, beesurax ( a, d, g ),

baybomy tøax ( b, er h ) and spermacetí ( c, f, i ) ts

compared on three different thin-layer adsorbents,

porous glass ( a-c ), Silica Gel G ( d-f ) ana Aluminum

Oxide G ( g-í ). Tb'e sa¡ne eluent was nsed¡

Potroler:.n etkren (b"p. 38o - 49o C )/ etlten in the

ratio 95/5 o
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À*c*r'tli¡-r,¿ ï.û i-:ägc1-ci {l:1 , sol-vei:.is coat¡.inirig pet::ole.in
ethe::, i=fher and e-cetj-c ae ic r.Jer:e successfi:l ín the separation

=f- liprci ¡li:<tures" The reascä fcr tl:re aciCitian nf snall- a.rncunts

of a-ciC anC base ís to fæcilj-ta.te the separa.i:icn of aci:'ls anci

bases l:especti.,'eL5, anð. Lo ::eduee theír Brtailing"tr :\ eonrparison

cf the cirrc¡r,atoÊ,rains in Fig. C I¡LLL shcw the effect of. the
additian of acetic acíd to th.e sclver:t sysLem. li,/hei-i the

;;::opc::Líolrs of i:eirol-euüt eth.er/etner/aceLie ac_ì,1 a::e cha::ageC,

t"he 2f vai-*e of the ccmi:ci:en*s of beeswa:< may be iircreased as
j-llu,streted in F:-g. 7. F::o'm. Fig" 6, it nay be ccìie 1.uded ri-rat the
great.,?l: t:c aeer"ic acicl {=raciicn in th,e developer ttre bethe:: is
r-1he ::escl-uiicn, iLcr";e,;er, frein lrig. 7 tne saäie is ::ot tj:r-r_e fcr
:-;.:crcasin5 ci:e eLl:.er i::act'! <¡n aÍ iire ,j,er.eLcperu but ::ather L-he

resoLr¡ti-on cf ¡ec,qr','a:r on e tÌ:iin*layer elircmatcgran ci..J nct
írncrove aL ethe-r concentrai:icns greater than r0%,

Increasinq the develj:Ëi¡ent C.istance

InvestigaËions \tere inai.e as to the ef fect of a.n ii-rc::eese
j-n the devel-cpnrent ti-i stence" 'Ihe resuLts hTere elxccgs:âgi-ng iu,hen

cirrcrnatcgr.î.ins r,rere d,e.,¡eloi:ed a ct_isLarice cf l_5 cm instearj" af_ lO em.

ï';anr, morê spcts appeai:ed a.s seen in Fig" g and Fig, g,

T.l:creasin^-- the thicilnes_q cf tire lalreg

i\s was neniioned in an ea::lå-er sectic*, ti:e
indeirencleni: of Lhe thickness. Trrj-s was verifíec.
che cnL¡r advanLage af. i:sii-ig thicjre:: La-yars is iir
i-1^:,^ '¡^-=^-- 

^i--r-î\Lft- ray.-el: e llr*rmaicgrapiry 
"

separation is
'¡ llê1-ê i-,aÉa

i-:'l'^nr'l^ni''i l¡n



'-,anr-.rr]rrn.i i-.i I i ¡.r ^l: i Jô^---.í-'l ^-. +-'-i-" i ^--^-? ntn'.n,nn 'i-a,-r^rÌ11¡.Lçi-Ja_LJJ-LtL:::l::Ly !JJ- cLuì)Uf tjLr-lti r-r¡I¡I-_l-cly_ç! çrrJ-,¿r!tcr-r-L,ti!:Lj:!!:-r-j

T1:-r i:* La.7 ::: ch,:c;¡at,i;riii:lj' ?ras ïir'ì1./ aCr¡i:tâJcs it\Tîi^

Daper chic.:r¿tcgraìrhy sucil ¿rs f astcr j,eve l-cpnent, h:.gi-lcr:

; +-: --¡ È-- .r.rl-.! r...ri1 1*¡ cl.r--.-^-.- Fi,3ìtíì . FìiìíJ ô"i:e âi_gïJ¿Ij,òIL.LVtt-J'5 llrJt-r{";:.^J:j :-,:iltrì-'r*i*. J\:ir(::;üL¿Jrrr > u¡¡u L;rç,r,-:

';,ersacj-iity: iir CeÈec{-icn as fa:: âs s:)raj¡s are concern'ed"

lior¿ever, it l:as one wea-l.ínees ia thai it Ïacils rep::Õ:'.uîil;-lity"

!f ten identicaJ- iileies ','¡hlch are ci:rainatograpiled- s j-nui tatieoi-ls lj¡

r¡i.Lir {-ire s,s.ne :ieveloi;ern gize 11!f f e::eilt Ef val-ues. Älthough

Ëhe R"f vellle nìíi'" not';:e iile saûìeu i.L has be:n shcr,'n by selreial

-l.iãl:iiers that T:he reL-âti.',¡e orCe-f sf i:he sil¡iis dcf.s:rcL cf ian¡re 
"

Ti:e resul-t cE suci: tll:.'1.-la;;'::: chrrriato¿::aphic set--ar¿ìt-; Jns oi

beeswa,*l are si:or.;n in liis-" :!"0, Bee ause cf. iir-l s í¡:ct 3 '.1ôri'i"el:ç

FA\í | I ¿L1 -l I l;: '¿i: j-,ç Í,-elC. ..-p'.'31 s--tí.î.eqle -' "^; -^ -.--; '-^{nõ4 t r--
,*JJ -.:9 --/ a)L Lr:iì-., :---.j,|^Ll :rc, v .rLróó*J!\-i-j çii)-¡-1¿ó trLLJ'.\r;jL')lL-L!.rv

avaj-l-abie substances f or c,Gn,üal:i soiÌ cn ci:roi¡etcg:aiis " Tire

sLancla"rr-ls sel-ecieC depeird riiroil-t',;iia'r s$l-"/er.1l sys::,a aü'j r'¡l:i¿.i

arisorbenL oäÊ ì..r-ses. llc:: ti:e r¡a::l; c:-ì beesi¡a.;1, the i:,e sysLerä

zf. jta.rl (53), :-lanel;r b.:ttc: "¡e1l-ot.', incl.spJ:en¡1, ai:d Suier¡

--ec'l 3, \'la.q sai-j-sfacic.i:)-, Ii;" 1-l- 3i'"zes.'-1 c.irîpaj:'ison of

bees'"';a:." anci tL-ri-s i)¡e läi:;ti.r-:.'e cn iiie ch::ona.Lâgran"



Figure 4 Chromatograms of beeswax on Silica Gel G plates
using diff'erent s&óvont systems of which carbon
tetrachloride is the basic solvent"

Developer Ratio Time

-a- carbon tetrachl orið.e/ üoluene = 5/2 !0 min.
-d- carbon tetrachloride/dichloromett¡.ane = L/,1 J0 min.
-b- carbon tetrachloride/benzene = 5/2 3l-7 minn
- c - c arbo n te trachl or id.e /b enzone / chlorof orm

= 5/Z/L 26.7 mino
-e- carbon teürachloride/pynidine = 2O/l J0 min"
-f - carbon tetractrloríð,e/acetone = 3O/I l¡0 min"
-g- car-oon tetrach.]oride/aeetone = I5/L [O min"
-h- earbon tetrachlorLd"e/meth¡r]-¿s.tate = 3O/L 67 min.



Figure Chromatogram of beeswax on Silica Gel G plates
using variious ratios of carl¡on tetrachoride and
benzene,

Developer Ratio
-a- carbon tetrachloride/benzene = WL
-b- carbon tetrachloride/be:nzerae = 6/l
-cÉ carbon tetrachloride/bertzerLe = 5/2
-d- carbon tetrachloride/benzene = I/l
-e- carbon tetrachlori-ð,e/ber,zone = l/7

Time

\0 mln.
I¡0 min,
4þ ml-nc

>, ml-no

60 min,
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-d-

6 Chromatograms of beesrrax on Silica GeI G

plates in which i.ncreasing amounts of acetic
acid ( HAc) have been added to the developor
pe troleum eùbre r/ ether = 95/5 o

fr,æ*åx Time

= 9S/5 1T min,
= 95/5/È t! rnin,
= g5/5h t6 "5 rain,
= 95/5ht L6'5 mino

Developor
petroleum ether/ etherr'r,', -.

pe troleum ebhe r/ ether/n-e,c
pe troleum ethe r/ ef,iner/Htc
pe troleum e the r/ ether/lltc
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Figure Chromatograns of beeswax
plates in which the ratior,,. of

etkrer has been ch.anged .in the
pe troleum ether/ etYw/ acetic

Developer;

c

on Bilica Gel G
petroleum etiner/

d.eveloper,
acid."

Ratio: Time;

-a- petroLeum ether/elher/acetic acid = 95/4/L (l¡I min.)
-b- petroleum ether/ et'her/ acebic
-c- pe

acid = 7L/B/L 135 min")
acid. = BVtS/1(50 min. )
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QLi::i,{TiT::rTI';ry.lili;iû?i'TI'l}i"J IiiIiJ*LAYrjrl. Cli?.'f,liij'"TC'1."*rliriiY

Cnce '¡lne best s,¡h¡el:i s)'si:en aäcl adscrbent r.,¡ere i'eter"r:,-ncd,

+-'l-l¿. q.¡r,.râ'i-:¡ i n- --^ ^ .--i^ ^'-^.rf-i t.¡i--i '.zn " ì¡r¡ f -rJ 1 ¡',ti irc; i-lrc rrocriil]-O.-_r_*_*____-i..'.1 Þ::.Id.'Jç: LllG:¡u!ucLe¿\'!) J)'ru:!u,rrr!ó ç::Ç LJÂvLt-'-!uf,u

autlined. eârl-ier (page l2)" Tlie ::es':1ts of ti;¡o series of

cnronatcgraìrs t,.i1l i;e -rive ,:i. Iil tl:c f ii:st serie s , f i.,¡* acti'¡atei

Siiica. Gel- G plates, 7A x ?-Ð crn, r'/er'3 úsed on r,;iiich a coir,i::-nec'l

,zr-i c,.lrr .¡f 1? ¡-. ,rF i-,êêcl¡,?r: lpi shc:r t.;hi-.te bees.,:¡-:l) I''¿lS cii::onLtc-../ù.!ü!rL vL --! l::(j ¿L \- !J!!ÇL

¿Ta.sbe:|1, 
..-he ilhiciti:es s of :.ìe a.i:i: lieii ccai:ili3 ::as; C ",3 ir,rn ' The

plates '.,./ei:â Cei¡elo¡:er e d j".stanc<: cf i-'ì cÍì :rri tlì. rretrc-1-eum etlier

{f .p. :¡ - dt'ioC), e'cile::2 a.cetLe acic.i zn tl-re raiLç 1le8:1," ¡!'fter

1:.:e ciiroi;lai:lgr.i-íns i./ei:e ,C*ve1¡peil, tLie sp*ts Here '¡zs¿aLLzeii ';'¡íth

:oiiii:e , li:L: âreas *Í *he Le:l s;:o";s ic;eî:;rer 'çili: tile ':sini al

appl-i-c¡rci*n naitt,:cc1- ,ii! u â::-.i Lne conipoiien'cs eluiecL l'¡iti,r a 5'l g 5C

rr::ru::e *f chl,crof *:iu a::c1 ¡-ceitne . Tl-re s'$tïenil ','.'as evap*::ated

- -'],--z'7 f,\uí'..n:r¡l í-iie -fesi:lue i¡ei¡her-1 .

,{ si;nila:: saries r,/ith lC ptr-ates vi-rs c*;trclu*t:'f c:.'r i';i-lic'r a

ioLal of 37 "9 t,:,; ,;i l;eesl':a:: (f:-sLre-r :','lj-'ce beeswa:<) 1,r'4s ci^ti:ÕÌnats*

3::i:.p-;rei" À i;r.:icel s:la-;¡-ticn i¡i'Lir iLs cci::respsndi.;13 F"ç, vâ1-,:-ç.s

zs i.;:clcciedi i-:.: T¿:.i;-l-: l- l"'liicir ct¡ntaí:es t'r,e {:}i}e.i:i,iìoi:i.el- res'":l-;s

cf liie se ti,t* sei-a e s.

T':,a ii;Naj sul:ela.;tces ei-ufed l,iei-gl:ed co].isj-sie;.'ri-1..¡;:.,1*::e üL:en

i-.irr: se¡:l € appl-:i".:,C. Í:iiensive d::iri-;1'. CiC ::ct-- ïÊ':l.",Jú3 ii:* -'ic::,-¿h.i:"

r:.f- i'iie *c1l-c*-ied llnp.1-e " Ti,-,êT'è.1-<)TÌ:, \.';?- e l"ul*C sâveïal i r3 gm

se:;;tp .7.'t':t ¡f ,Si-lic¡¿ a:e L ai t;t f i-nå. .J'.-:il, l:â',,;' r'i¡\:{:-'';": j-i*:,i-:i::i.tl-r'ls 'i,Iãif Ê
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f

i)

1:t ^.

'.-i,j-n



ií.

ålqq.,?! j.ËIgÊ.[-Uå_g_î_Êç_â{gËç_*a-d_j=.gq f-ts *,Jne grar;i cf
'i:aÇ sua:,: '(f isl:e'; t s i.,:l:j-te iree.sl.:a>i , c-i:î1t 'r-rcçg',,r¿;ç sca]-;,s, in
sc;;are.le r;r:i;:j-nenís) u Cj.sccll¡ed" in 3fl ;ri cf. h,*t ireptâìie '..res

pi-ace'ã cn fire aJ,r-lline ccl-ur;i" The csl'*r:rn requi-r+d va;:r:r:-lr.; t:
l>âss :*i':,: sa:,'irle irio tl'le ahse::be i:i " $c," -.¡enig cf i,rc-i:easi.ng

,-;o'T,a ,,: c"hai-"J ilLîi :./ei:e iiir¡l: r:serl io ¡.l"eve 1+o tli"e beest¡a:i, Tne

.pï.ec+,:1'¿::* f cl-l-c:.;ed was sirni,l-a:: io Li:e one by iiiieclenhof û11

canrie-lil,l*a r+ar: ('.7 ) " Tira G Jl.,.c:rL s;isf eris i-a Ll:r: sûqlience

--rse:l , a.tci the i,¡ff1-l1aa-, i¡,ii,;ei: ara gi-veil hc1*w-

åg.l'¿eåË_-l;iîr:{: i¡*!j_W¿ì

l-) .;etT:i c:i:i¡ eii:¿r:: 5C0 nl
?-) pel::*1-e::tït eLner r,zifir 5i,t *i:i-re'i: /:0C u.L

3) i;etro1-,elri:l etiie:: vzth L\'L et-Le;¡: ,:0C i¡l
4) pe'[rcle::rn e*irer -u,.rj-i:ir 5,el :r*prnpa.i-r*l ÍC0 'n1,

5) ¿eL::cl-er-rm e'rl're.:: rrj-i:i: -5--"7. ace-iir: aci.C- 200 n1.

ii ciil-r:::*fo::rri/acetic aeicl (50/5C) 200 ml

F::actions of 100 nl each l,rere ccllected and moni_to-red on

acsoraË!ol: iiriir-Layer cL^,-rû:ratogi:eins (see Fig" f2) " several cf
t"he fractioils from col:;nn c1:rcrnatograph¡' r./ere furtirer sepa::ateci
1--.- -- --^-L:..-ê .|-n.i:f -..1 :t-¡ê1^ aÍ::-,rr.lf n,..:--,-1-_,,t J'- J- ç:'rctI,j- L J- \/ \:: 

.L-rL¿r-. 
rdJ .:! U. ir- L)lllct l-- tj!r cì li: l;\¡,

ÇollecLing l-OC rnl- iractj-oirs rr¡as vcty rüucir p::efei::rer3 i-.J

c*11-i=cii:rrg T..:,e cÕ¡it--'l-eie el--r:Ete ft:ri:n *ne i;arLi.cr:la:: s,:¡l vent

because be Ili::: sepâ]:.?licns î,J€re r:f fec'ced " t\. tiríl:*Layer
*ii::crlacogr"a,pi-ii,c se::¿lrai::i-r¡¡¡ ç'tr- ihe fraction¡-; aht.a:,"rteð ,;,,er-j'-:f ieir,

L,:e sr-:¡:e.r:i-crirï1' o'E L.he sepa::ati-on çi"th l"û0 irl í:racti,tns" CçÌryinare

Fi.g" 13 '¡i-Lh Fi"g, L?-.

Frf'.vi-sr;.s \t::s-¡t':-ç',v1u uç+.rJ^ si.7"i-:.a ¡lel" {1"1", 4r} a;:çl a.1s:.rttina
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cçlúilüs (40) fc seÐar:t"ie i:|:e 1:r:Crccal:i:cns -f;:olr the sap*iríf1.e,J

b*e-"toz.ã:{, il-',.¡as B-,;:iia:iri;:g i"3) i;lic sr-:g3esieC, chr<¡mat*g::anlling

b*es'u,'.î.:.: a::l':i srler:ir:ace'Li ci::,.::ctly luithnüi u-yz.at sai:ci:i-fi-ce,Låa*_

'3i'l ân ai:lni-na cçlunn tc ,:j:ä:atn tire iry,:1:r*ca::j:çn Fracticri
qr,iairti-t¿:tir,'e1.)'" l'le r--l.seC r1:0C inl- *î. peLra)1€un eiiier rljl â ccl-liut
si-mila:: 'c'--r iha r;ii'î \'Je used L* c'otai,-n the hltdy:;ç¡^y'b,;:rs- Tl:i,^s

retiio,l, r.¡as also ad,or:teil hy l,íi--r.ite ,3L âl-, (66). Íl*wever¡ i."rile¡1

iheí.'r cii;:ec'Ej-cäs '",¡e::e i:all_oi.¡e¡, estej:s r..,,el:e oì:taí.ned in the
fi::si; ¿i0û;nl- i;efirclel.iin eti:a:i: el,r:atE collectecl as::evealed ?)-\i

n iiiir:- laitsi' ch-::ci¡atograrir (lí g " 13 ) ,

T.t" has af fer" beeri sr--irgesteC (6i f-irat f:ractions shcu-l,i be

i-.1 ^ l-. .- ^--. - .!- a, ^.-z - ,:cu¿rru!¡icr.L{.r¿r-or:l:e11 ün ã *"i']rnrt ro get aireLler separa"tíon" iir*-

::es',,'lt.ç fr'ilr, reci-r,-:cr,r¿tog::a;rhir.¿ tfie Lreesi¡a:.< f::acù j.,ans on alt

¡.Iäini;:a c,liu;ün sror"¡e,j i.j-tti e å,¡ri:tveirtêni: , üÌre::e,[ore, I,r: ¡þ.¡1¿1*

e bei:te:: se¡a::ati-o::: tiiíii*1ai'er ci:::cr,latog::aph;,, ioas enplo;rerJ,

l.;1;ici:- p::ovec1 TîÌÐiÊ e .F f.eci.'tt;q 
"
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Fi--rre 13

:¡, Ti{r-,t-'r-I.4r"Y,iF, clF.cl,f-\T,cc?,At'i iF 'iT-t¿ FR:{cTro},is tF Btigsl,ìA¡(

coI*I'8':Tìi:l¡ FÎíìit coI-T-niili ctit ûi'i,AutGR.Api{y cN Ar-,iJ}.ir\lA

The fvaction.s co"l.l"ectecr f::,::n DreÐs-rati.'"...e. col'innehror:iat¡3::a"pþ cn .r.l'urnifla i¡?êïÊ lror-rilo-.,:ä_-l oi.r a thin-_l_aver
cirr:orria't'¡g|q':.., 

. 1.he cleve l-ope:: va-s pel-r:ole,:rm erner / ether / aeei: i eaei-ð,= (q5!5/i.j, the c1eve1-nprnent iii-srance l-o crn and. f1.e
,-.leve 1-oprne rr.t i'! ne 25 , 5 rni.:ri,..Les ,

edbd

lhranaro¡:Tan b I bees'.ia:i.
Pü e.l,ual-e (4Cû r,rl-)
i t Ê1.:.?i+ {1100 .rl, )
cx eluaie {{',ÛA mL'}
¿r- å e"l,',¡a"T:e t4}t rnL.l

:l treÌ:l:T.l a'-:r ethe.:
cf._ çe|rr:.l.e',:n ethe :¡1r; fi5er (.Lis / 5 ,\af i:ei::nl-ei.ii:i eilhe::r/n-i:ronanol- (
of T+ir *.1,^c.qi:i e ii:,;;: ,/ p_r.er. l-e. a"r:-,j

+l / I I

115/5\
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[t.l!'

Lil3l:lTf IIî:\Tl.fli LìF :irìri lii::iiSi,i'Ali, 5p*TS S{P:ilF.ATii} P':,1 1-\lSi-r:PTItlil

TH ïl:l-l 4tYi:,- '-^Hiìill..ATíiÇ",4 P:IY

å tllo::cr-illr str-'..1,,1¡ ûf letr.ii:al- sÍilsls-i:ces, s',:h ¡-s hee=cifaxr

-qii,:r:lC ba cente:re.i a,To;,:.rlc.i â.:Ì:1 ir:lentt-f Lca.ii oi-r of ¡l1 cornncl,rerr;s

t'¡:e sanl p,s f rielz 1ec1.r:f j-:r i-le nat'.r::a -1" statc " Fl:-,'si-ce 1 seFarai: i-cns "

r.'irich ð.o n+t nlesrii:o;z tlre irl,en"Lii:-r¡ a-ncl cna-r:¿r.ei:er cf ti:re eontlitenLs

yr:esenl:, rt:e f h'¡s ¡:fc fe::t'eiì . ¿rciso::irii-on thi n*1-a¡re: chroma-t¡oy4nl1r'

is ona s1,.ici1 pirl's i-ea.'L seÐa"::a-ti-cn rïechni-qlre, iìeesi,¡a>ç rn¡as seira.::a,ted.

';';1, tiris rrt?l-i:*ð L:ntt: ien r¡e-.!,,i- def i.ne:1 sr]orl s . '.¡i th soreiÌ:i-nq

r:enai-.rril'lg ât i,-he noinl cf aD¡-'l-icaii on" lh:ch lrine '^¡a-s spe:rl. j-i-r

i'deni:if;zi-i-ig the c'nemzcal cl,:.::racte:: cf

s-=oí:s " A"f-te-r ii^ri"s a-n al-ien¡t r.,rras iriálrje

iire cc;nstitrreni:s ef l.:.::ese

f c j-.rle:¡if j.f'¡ ih.* =-nåj:,t du,al

::,reäbe::s+ o:! 'Lhe cl ¡.sses of *o¡nnounds sepa"l:ârïed, b1' gas- j,irir-li.ri

chroinai oi::apir;,'"

T'o de'ceri:li-ile tlre cla"ss cf conpo''r::lC each snoL belanqe.i iî,

va-:: j-orls ile¡:hcds v¡et:e ernDl-o.,'eC sucll as: e oncli-rsi.crrs f,Ta,,¡n fro,'.r

f:he ,j,i.sËance a cornponent 'c¡:ansr:ersed. on i:he platee cornÐai:ison

r¡-'¡-i1r i,..noi.¿lt ccnlrorl-nds" clre;ni-ca. L reac:-;Lons r"¡iLLt beesTr,Tâx and. 'che

suì:ser1r-reli .-1 :-sai¡rea.ra,nce a,ni a-Ðte¡ìret'l cc cf spots, ,i-,ar\:lli,cil

'-.Y::.-n^.La,3rç- Cl-if tirâi:og::4";i,:..,t, h;,'i'! ::C:{I,¡l"errij-ne 1:,irðrtOCk"LC:;iie t:e."Cii,O:¿

r:^" ^ã+^ø- ^::'J. tnf:s:e4 sÐectral åa.ta fron *ash s¡cl, T:-:es;,: .,-. ,.-l -. i.:- ¡ r <:!i 
-'1::-. 

l-."r::. , .. ;,

nethcds t,'i-ll-',3e riíscilsseC zr, tiie :Tåcr:i-vcn, icgei-i:re:: l¡irh

ì:iie res-:]aei i"ve cc!.?,cl",-:rs:,*::.s ::aaehec] "

icric 1.r-r qr cc.s* i iar;n*rf -{gm Lþc . 'ì¡ *,¡ã. 1-r:es cf i:ire v*.::i-rus srots

af ii-pi dTlh-{^.. r* 1a.-¡'6--t ei'. s o: l f i, c.: chi: l:nr"i o-,:î: llrrr rl.î.cses



t)? 2rlica- '.ìel G rr"sing rhe scl-vent iii-:',Li-'ire pe1-::o1-curi ethe::-

Iti:er a::C, ecctic ¿it{-:}-t1; i n i'.;. ::aii".: 9):.1.CZl" {."r/v /v} \,J¿tis

i ?ìa.e l:" ;':riî:'oid (3? , 3¿r) . 5::c:; tll::c chrc:neiogra.:ns and ctl::.::s,

ãne obser'.¡es tl:¡t stron3ly jlclar cc:r-lcunCs s'tch as aci-cts an:l-

elcohols reiiì¡-i ti cl-ose rc th: ste"::tin3 1j-l-re, l,:he reas the lea sl*

eol-ar ccnnouncls such es the paraffíns ficve cl-ose to the soh,'enL

f::<¡nt" ifhe other cLasses cf cenpol:ilcls are scne\,.ri-Ì.et:e Ln b.eÍ:rreei-Ì

iirese e:<.treines" Tire;' ij-stribute ll:reilsel-.¡es upr+e.rd a.s f oll-cr¡s:

t-:-i-.i1;'cer:iics , aLðehyies u -;e1-c:,es " cste::s, r.r:rsaluratec ilelta.tf i ns

n-nd sat''rrateci pa.raf f ins (1i7, 52).

fieeaeng tiris l-renC åc. nj-ncl* û.::d- |inowiilg api:rc:r:iinaLeL'5r

',:ha.t c*-*,i: oneei s t c e:lp=c l: ':--r bcesl'¡a.:'" , .i.n e::¡m j.r,ai i-c-c cf Fi-g. ?r-r

i"¡i1l- Ì:ei-I i:s "c1:,i,t: loss i-D Ly 1¡i-.7Ã,'¡5¡n.1:bcns., cs:i-el:s , iryd::o,-(-¡ e, sf cr$ e

aciCs. a1-cohcis, l:-;r,fr*:trra-cids and rriici srr ü.1:e p::eseni,. in the

:lcsceniir¡E .).Tð"er girzen, The r:: ¿pi;::c:ci.natr: i:csi-Lj-crr j-s Eirte:-l

aii l_, 1- ..- , .L.! "

_çsgg?u:ri!g

;t, i¡a-ri^etl¡ cf comi:ou¡.i.,ås \ras avail-able f t-rr ccrni:ani-s*n:

L. " liyjjlocaï.þclrs * n*.i."cLec1-ete-n: 1 Ì1- ïllnaCe ce-ne " n *e icoÍìanî .

**i'accsane o ::.*tetfåcosaiie, :l-cetflcesa.ne, ::;-*iel::iacc::lta.n_e , a"nC

'.-,-i,e:lei-it'i ¡.C1,.., t ¡-,:13 ieltailahLe f-:tr,, Ì1.¡1¡11-;:Íî)'::.¡:-l:cj-nSOn IncSl:DCrs:eC,

i.iorth iiaven, io:ri:. ) "
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ãi e.'¡-n 1{t.. 
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T-,r-_iT\ï_-T À-v.E Þ fa--;pí\1.:,\.Fr-1r)¡1,.i .\r tl'lf 1î.ï^\¿.:_ti.Ir\ *-L_-!:r:L U-!_\_;J i.-, j rv..;. -!:: Li._ Jj¡:;J.:-1,!

hyð.racar-bcns

êqi-ê1.q

f. ': i. ri.3

al"*.r:T'cl" *

'i.7:J''Í:-'r:.,-'rr .r.C! jS a:.1.:1 s¡ r-'-!qiI

In ti:e f il--i1'3 the a-rp::o)<i-rnâte t--rosil-icns *f .i:l:e cl.asses cf
ccir'lÐcr-1i:rCs seÊel:at=cl ul:ld*:: i:;iis clr;:crlatfql:.tÐhic cc:icii_fion nre
Siven' l.ne ]:eestt'ex o;',¡as iaveiocei cn a Sillc¡. i:cl rJ cûrÇinatcíìjraill
r'¡i-th :tie el¡.late l'¡eìirD irêì'¡4'1 nrri-' r=firor/n':'¡grf ¿,ceiic a.cid = ç5-/5/1-"'Ír.:e ¿ei,ãldñ;; ã;;;;',ã;-;,;;-r; ;;";åi'-ir rooi, t¡,L mLyt.
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Lt4

:i". *çå*¿" g_qi_Êíl ^ -,rt!iï),si-air,:, palzítrie u si¡,ì:r:tele u a::acir:1.<i:1;e.

bi:ite cai:: t.,(", 'i -:-¿nccer:.;:e {.::t.¡..;: i:':':'.-,,.':;:.:-:t i-..¡ r'ir r-i..,r i:l*l:-sr i:,t::i,r,r¡ ;lcrii.n::r ,

.:- t'1 . i:ci.r-,r,;llr:-rr.::lei:i,ri,j_'"¡a: lj Ili::r:,::',,", ltl:li:.:;rtij- lletz,r.:.:ï.:s *f ,ìîi.,!t;r:,

l:r.-':z+rtit , :ie::;,'1-on:j.) { i-f a) 
"

I . -r]-*ä**S¿l-.¿g - ;:î:1::,i:i_i.i 1. i_t",.::::,,.t:t: " l: i"ri,.i.i:;- 1- .-":.,.y.i.sf ei:e 
"

":í:3,.i:;" i: .: i ¡ri:.1-;t:i i-,:il,:,-,, î4. .l-;',t:-t-;1 s'iç:îty2+:"t,, {,'i'n+r,:: g;.,.r1;-'l.e :: ;.13j,'{t:}.

'-'::::-ai*ú::¡. 1.;::" Ii" :t." i,!i:,,-r',::.1,.i,:f lfl:e':r.ûT,..at:j "i.rrrt:i,L.:,ie, i,,,,,",si.]-it,

l.ti1 i-t 1L. I

"' , ii¡rr.i¿å-ggi ,i '' i .:'.'r,tî,:i l iil:,ie tr"t:],r '::iî,.2T:::',a,': ;:!.'3¡1.;;1,'tr- Cili¡,.r-:::t,i:t-j,

- ^i'...1i::_.- :.i-.. ? .:, -;-\

:t " ¡LX;::-:::i-i:.--' (.''':;::,'¿ r:1:':i':..r,?,:1 f::¡ii, ti:e ïi- zl',*.':: ,]c:, e;:,i:i"i..:
t-:'a::::7,.,:,j . :,rr I i" j: \.î,,:r::r'", ì:ir.,,t.: 'l r::yir"'¡ 

"

t' * 
'3ä:=--l-|i;f-r1 - i*hr.::;: 'l-::t *:;7. , '::T:r.:r:.':.::i- { i','re -:- i.a';:,-: ,: 1::r,r'

j't;:ïiles*,,":" {-j *-'l-c",li.:i::: ;,:.'¡'.::i l},t:.'J"1,." T.i:,7,;,;::;1-.1 ., l)i-r¡c:i-n.:ei:.. l:i:-:,t Lj¡g?:
'-,.r r-:r:..'."..1 -.- -, . .]e-, .'. -.:-\,.

,.:|:c::;:C.:.:ì^''7".3i-:Y",ij.i::\:i27...J.r"t:li'..'nr¡:ïC.:-]:¿Ì-rÌ,l*d,nj..:-i:i.:-l"*¡'ne+r':'1f-.7,,.:.'.t-,

'r.j'::::-.1::Ì t:,2g¡;r.,¡2-.',., t. i'ç* f',-¡. .ì"5).

i-':-r:r:r"l;u¡-ll.r; l":")tn'; Ii¡l-'le -i ð.e t-¡.ti :¡ l- !..c '.r.:..i-r-:.*g .:i.t. i.t:,,t--., flrt-r*

nr].î::1:,..'.¡.--.lnl:ii':li-il:"-i:..re.:.-..:i1::'.::'í].r.3.:1:3'|ii..'Ï{)f:7]j.i:r1:i::ir:r:'r:'i:r-:

Iti:lr? :1 ¿.'.:i n ;f f gï-,1í,'rj.ilf::j 
."

c : _^.f,.õ

i::lilr].iå¡¡å:: -. ::l j.:i:ci: : ri.cyt rtiil; : -- 1"¡ -

,.::|ì.*,i:|'.:?.:1.-g¡':;i,:j'.ii.i:..li,.':.r;i;i';F'-:::".::':.:':.::.'l-,:.,.::'.:i.":::'.li,r,]...ll:

';"'l i-1::.: r 7::::1.:.il-:" Lo-f il:r r ::i,::.17:.i."i i .¿:... .,:2,1. -r.,7;;.,r1t rt';,1 ^--i :. .-.i- 1:r,;:.çÍ.ì,.t:z:i
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.-) ..',^1. :,::,-: :'ri -Ðeùelòoer : Petrolei.r.m

Develoþnent tÍme 72
I)evelopment distance :

t.r;1'l-i:::i i-. 1_.::, :,t;::: L s ï i,,c

', ir:::'x L?,: 'f a';i¡ et:::rðs :,.f.

ether /e tnex,lacetic acid.= 9f/ ð/L
min"
14 cni'

*1, i.reih;i1. rt:sia"i :, ;::î)t:t,-'f .v

bi.l3i,i¿;:
":) !:,?.î:F,-,1?"i.
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ï-cinå-tog:r*n sho".i i-d prc.;'e f ;:uit.'l¿1. "

eesi,7"3.]a) t.It: s sa ':*¡lå f,t *å by- th.c nethe.l

" 'lrc g::e-m cf b,eesi¡a:c r¡as 1.1-aee.rl i:l

i,ning c11e n.?i:l ;'Õtess t-i,1fiì ir1.d:*::,'iCe u

¡*r,i Ici-t:-' Ða]:ts ret-h'.¡1. a j-c*-ilc-[ " ll.iris

-,'.?: l o',-l:s. T'h.e ',,:::lle:n*i-.f i-e.,].:1-:: rtaxer:.a7-

': ,':1 r=i-ïl.. :--i+::, =':'1 3l-.:"lrcií:^ig ,=1 i-1,.

a"tt.e :Y.T.T;::."'-s i.-.ri:l:e r:¡asi:ìêC L:;iCa r.:i"'f h

l, f *1,1,.:.'teð" "i:-;, 2r"r¡¡rsi.7,.c* i.o gi-ve e

L]^ ^,,- :,1. t:: -raêar-ì1

-- .i- ^L" ]: Ii:^."ì-ltj-..r1Ì îi:ll-:::1: lrl-:..1'1 11" -.a,, -,i,':l l1!,\ , -j^-11:*ir-.:r-i---.

::i c:.',:::tt s¡-1- ls " f :L-i.sve ., ',:T :. :"i..1-le::j::! al--ri :"ry:.t:r::. f i tiie s¡-r"-'l*i:.

.iire .reiLi.ii- ls'lß::s", \,,7e::ri fcr::,nd ciirect-l;' frclr t"ire c¡..'1_^ci-r_-ilr, sr.l-l:

(,L7i 1:)! TêF-l-u:tr.ni: \ti^1¿1,:i l--enzene neih¡.i:::.c1. LZ1" {.?A} r:rJ-S a::.r'i

:'¡f f ici.*i:t ¡¡-rl fiiric aci.d t:rs iil-reraie ihe ¡:.*i.:.is ai:d g-i-vi: a L"/,

su.'1-fil:::lc ¿cåJ scl",:i::.,cr;" llhi-s ni"r;tr',?e ".viis ref iu,*lec'l !,ar 5 i:ours,
t-f1:cr i':Lc ¡er-lod o,'t 7:ef1.,:.:1t 1,¿, r,/a_Lcr rrâs e-dCerj and" the benzr¿ne

1a.y e r screi'aie -l {tcp ,La-i"':::) . ---erncval Jf ti':e qnl:.r:,ni i,î...t= circ

:sia::s, :':hicl tne.re then ::e*isso-i-ved i:r chlcrofc::n"
'ii:e :-tiìrcìlollíf :'-a¡1e f ::rcti-c;i, tire tLiei;r.,'l e siers prl:i:arci_

f ::ci: l:eegi¡a:l - ti:c !e1-n,i--ci'l- rsters an,:'- tne irie tirlzl- csi-e-rs

{ sÌ;enc:a,:*d) ',.re '!-o ?LL CC.ir-:¿1"":':: t.:i ii: lirc beesi.¡=F--., sl..:;rl-e cl:. ':i.¡O
'i-t.i .-,.i -1 ¡=,n- ni1-¡n:-tnt-4nr1..1¡ /'t'' 4 -.. 1f t: rÍ-rnrri iþç Ci.,-:îfilatCii-::a;fg ii:--.-J -- !rJr u-_.# \ j. *U * i..- I 6 ;. ¿ Jrrt L,r jç: L.. j+,J:r:3 LL.-_ _-__._
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::t i:nin- 3.2y e 9 citr tJ.î,ita.tcgra"i:hic sei:araticn
ui:sa1;ouifj-atLe f::ac'tiòi-i of beesiua_x, b)
anC c) Lire ::repãT..?it neth;rl- esi:e::s. ,Ti-re

r!âs :rei::cl-euril :'lhei,/et't:tf acettc acid_ =the cle'¡eicFrile.nf irne 50 ini,:r" a:iri the cie
-zsi:a-nce l-3 c..li"

ili: itie r:i:ii-e:: -¡:¿.7.f. cf Fig" L6 jr_s e- seraraLiolr ,:f
d.) L:Le, rnetlrl'1 e-cLer s Uañdar:i (Ct,., * iro. metLirrl
esters), e) i:eesr.+¿r.:i anc'l f) Lhe ;äfnitvï esters.
The der¡elorer .-,ïas ret::ol-eurt et o;:: f et,¡er- / acetrcacicl = 9L/3/i-, tne :levcl-o;nent time j2, mrrL, and, fhe
r,er¡e-1-cn::r.:it iì sca:.rce 1-!. ci_, "

+f a) ti:re
i:ee st¿a.>:.

d.e."¡e i-cpe::
i/, /1 q. /1ù*¡r¡ -'-Jt ,Lq

t.¡e i. c]:lneitt



.:U

i.s seân iii¿t l.lr.: :ieì:ir),Le.¿Lcir is not *cn1:1ete, Ålthor-rri: trre

:-:cth}.1 esie-rs ¡.:t: t:::cscr:i't: ¡l:o'-rt (.Ci'. i:ete'rr.rlneC by diailsitlr

cornca:::-sc::) " t¡e a j-cch,ol- fracticns a.re alsc prâsent, Tt're

".'ai:'i ous si:ots sÌrcr,.;n have nct al-l- i:een i-den'cif ied. iioraerrer,

several spcts ciisappea.rci i:r tlie :i'rsapcnif j-airle fraction, and

-¡-i'^^ ì-n"ê lr.ar'! ¿:qj. r:rr i-lrnnorJ- i ocL.:.IÉù\: t.ld-y r¿d-VL :!qu uo eu¿ tJ¡ t-r;Jt;r L.I-Eù r

Action of acetic anirvdride r17iËh beesi*ax - To detr:rnine

i:he free al-coirol ilresci-rt i:: -i:ees-',/a:í j \,.;e atteripced lc react

')33gl'lc:. :.'j-rl acel j-c 2,:'--L1r'l1i-s^ j.¡ (1Ts- :till:r, r'ef 1---l:'-::::; lir:

liief-ie:: Lhe re¡-ci:ion w¿¿s qL1¿;liitaij-v'e cl:

:rct- r.¡as nct Ir.nci.rr, :^ci;.1';:f¡ f-t:;:. a l--¡:il:*Li:y'e:: *ì-t-rlrratcgrarr

'fi:a.t t¡as.nat-le cl,ri:a:::,:rg Lilr:::eactec'l l:erlsi....a:< l,;:th Ih* c::i;iila1-

'1r,roc'."*' 4'riã i.-,eli- -l ,r-'-i -i 1,,, 
.]-- .J.i qJì.].:..¿L1:.ri" .': ,.r:::e :;.1:.:rx-: l:'t!'JÚ_u_::_-_"!i_J

f e il-l- ir,':eti:e,: ihe .i.eils iiy if tire ester -cÞcl increas,:d cr nc'i:

i .,Ò^ !{'i.- | f ,,

\ J 
- - 

L' 
/ ø

:eg!å!i-ol=-i-Ìå:1.* g r:c r--gn:-qt:.i: :ËËÊÊ;y.

år-L:ieã::'Ll!.qgå?__å,nggg.,rfel!_?É_¿le i?!. * ri i l-i¡e:: iri t:rate

:n¡:e:rrai:eC,Jiatos ha',¡e been successf,:1l-y used tc se-*arate

rrirsatu::ate,:l Îrrrr si.t,:îa-teci i.::::-is {5?e, 12":}. ïnsaturalei' l-i,f iis
f o::r:r ñ-cc,,n;:-ie:ces i¡iïi.: si lve:: :r.i i:::ate zt t-ae csi::,:se o:5 a cii::orle [:-

lïL;---,:_î ::l;::ile;:3 ¡_.ild l':.:l': COtttl C:tec .1ri.o;¡iiC n3ïe St ¡,-..;ly tl:A-:':

tlle eaiJïet;-j,:'l c3,r-11;cu:ritis ¿i li:e s.:tre cLa.ss, Si;::.ca -lt::llie-,: -'*clL:-e:rs

,-,. ì/Õ --.1--r--i:- ¡-r --'.1::Sei:::lâ;i C_: i¡ ::: ;::l:e:li 'i ir '^,a--.c..r,r'¡ i r,llC.:SCOif.: ei- .,! e* -..

and iåt:;e:: (3:¡ it: tl.re :;1,i:.-2¡¡3.a1-'orls iÇ j¡:l¡.n) ¿:ilrri. lJo';'¡rii:13 et al,
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r:r ch::omaicgre:l'-:ic sepl.rali,cn :f 'rer:sça;< (
:lr.i:l. J-cei-rr!1L'eí1 :ccsl.rali ('J) i:r. a ?-A:L sil--','er
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qn

i 15) in the ac j-r,1.s {rncnc*,:nsaLu::a,';ed ste c.::j-c ¿-ci-:.!i:.ri:::i::-i c

aczi ia t-l:e ::¡-ti o o'i i: l") , r,¿í) ti-r:'.r:l:i. tirar liie a'l¡:ea.Tr.'iice

,rF r1.-.ê sr-:¡Ì-c silOul C _e.ir¡e So::le ini::l-CatiC¡: Cf l.rlie::c li:'e ui:saCu::ate'j

ccnpci:enLs e-ie 1^c:ri::-1, j-.c. :?-rr i¡hj-ch class, Fig. 18 ïcìr,t:eseilis

:)- ch::on¡-tc3::a-:;iri-c separaii:i: cf -beesi"¡a:.; cn an LL'/. sj.i.;.:r i:it::aLe

::^ni;.:--:¡i:a;e... ¡iate. le 'l)'l ¡ll-colic1 , ti:e palr:,it;,r1- ':sta:: ;:,L::.'t,:::¡)>

ar-ii a ui-.ct'u::e o f siear:ic a,r:l pal-;niti-c a.cii were chr:ci:laloíral:rî.I

t;:;ciric:: l::iih ire csr¡a-:c " ,i-'i:i : i;-¡lnaicgl:arn r:esuLt,.-,:C 'Lrt a scpa"raiion

cf- sLea-i::i.c ai:r:i pairr:-i j-c t,cj':J. 1'c iest i¡hi c!: =.r',:'ts ccl:re¡ ç:;lÍc7
ïe at.-l.is i-:: bee sr.va;e ¡ se:/eileL c:,::l:ta.Lc;:r.ns o*. L7. n::C ZCT

-' ;p:::¿:ral,:r--i si.ive :: ;.:i C::ai;e r:l¡-ren Ìrere iler..le, anC these i.¡íìi:e

sprayeí:,::73-l':; a C"'lûC-5 i:t,:Lar li¡i:l:ll--rl- scir-ii:i.::: 'ia eLÌ.:;ri. ¿-r-l.cchci

(5i,) " ierr 5i;. l-) 
"

l+.*fit_i,.i^-*ä=ç;::iåË_i,__dã*_:à '- l; ir:p:r.::aiirr-i o1 iiir ¡. r::i-(',s

t-'ras b:en :r:i::*zed "'-isir3 F,:Ì:L:û f f i-n iri::egi:ater-1 pl-eIcs iZli " The

nci"cl-s ¡:::c :ia,iie visi..i-.:1..e i:;' r.=-ra'yi-n'a ',:?,.e i:L¡ i;es f i-:rsi: i.¡i i:l: .r

nil"ve:: Tii-i:Tt".':: scl".iticn fail*';.:e-a, i:;r eçre7i.;¿ irj"t.: ¡ ¿yr*3t:tt-1-rs7-

na7,'-t-ivc:¡. i,ihite spcf s cn ¿r ..:r'--- bac::;::l''ur¿'l n.pîe,i,r ..riicr;e-.rer ¡¿cicl

=l;ris û.:la: l-;i:nicii. ii,:rr::c 23 s':',t:.:iÍ a pi::ti"f-ì i;i: ?-::-¿*J.-elr€:5

r::':''Tiîi,.i:.i-':i::¿lr cf ii:,cr,:::-c i.cÍ-Lt', ri.l-t:i-il-¡-r ¡ici":, ¿:.:1,1, il:e ¿c j-j. f :.:::r:'r::..:¡

l.-...i:i ,:l-., ':": :-t".::-t:::";:--.rL',' l,-.--:í _L 
j t,:' '-.1-:.,-, 1_.--..a:: îtì:l,tí':trjïa:l-.."

?,:::{:i'i:r-c::- ihrrr*14.;..ç1, cl:-rjj:,}l*"raÍ;ij,ï.!.lil\¡ 1)'i ih: ;t.cz-:t ¡.,2::, lcl--i-:-.-:.:1.^

':i;C-ttt:i.-'.i2.': " i.i i'.i¡.S l:lt ?ûSs j-1.'1.,1 i;.íJ j-C.n.::f :.f :.";-' t:':',€.: ar:i"ds, .çi.:rce 1:'i',e

E:,:araii.ci ll,cnr':s r¡*1iF i i-l¡-e ia:'1-i..n¿. Ìlha it":"1-i-*3 nri-s¡.:i ber,.:-r:,t,: a

':''.=nç3..ç,.:rru,t: 3c::ils :i ;.*:^ds :..s i:r.csÊnj: -
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Tiii"¡ ,¡as c nÍi:rrned 'oy che;nieal tesis anJ i-ï.f;rs.:led slrectral
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f,..n,t, i.t: i,7.o, No difference between the beeswax scales a'nd'

cotnbs of the apís melLí-tera was observed by thin-layer
cl:.rornatography.
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