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AB_sr4l'sl

A STUpy 0_F EEIOSTEIIOIDS INr SULpHu-*RrC ÄCrD_-- , _ ::_ _ ____=: _-- -_ -

steroíds produce an intense urtravioret and visibte absorp_

tion spectrum when dissorved in suJ_phuric acid. This property has

proved to be a nost useful tool in their deteciion and. assay irr

nrinute quantities. Hence it is desirable to have a good. und.er_

standing of the reacti-ons ilrat occw and of i;he species that give

rise to the spectra. A fa-'r,i1y of steroi-d.s, emphasizing the c, Ì<eto

group, was studied by it's' ultraviolet absorption in concentrated

cor¡mercial sulph,ric acid., rooØ acid¡ and fuming srùph'ric acid.
The absorption spectra vrere simple curves with a single maximum.

The optical density of ilre maxi¡ä¡n increased r,¡ith time, boilr at
room temperature and at loooc. The magni-r,ude of ilre absorption
peak, and the rate at which the equ-ilibrium value rrras at-bained,

r'¡ere found to be affected by ilre group a.b the c17 nosition, and/or
the presence of unsatwation in Ì;he steroid nucleus. The resurts
are attributed to protonation of the c, keto orygen iÃ 9s/" and, rool,

acid., and the removal of the c, keto group i,' fr:m-i:rg acid..

cryoscopic rTreasurements, ancl tests for the detection of
so2r a product of oxidation, r+ere arso carriecr out. The cryo-
seopic data gave no concr-usive evidence as to the number of par-
ti-cles present in IoO% H2SO4: d.ue to the solution of a sÌ;eroid.
A very large nunber r¡ere found.. This i.ras atùributecl to the abìlity
of the large steroid rnolecule to disrupt the s-bructure of the
solvent s'mounding it, rather than to ilre solventrs ability to
fragraentize the steroid. The tests for so2 indica-r,ed its absence



.{BSTRACT cont td.

i:r the steroid solutions of aIL ilrree acids,

rt is conclud.ed. that the absorpiion spectra arise from

protonation of the c, keto group, and that no fragmentation of
the steroid nolecul-e occurs il suJ-phuric acid.
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trThe gener'ìc tern tsleroidt -ìs enploJ¡ed to incìica,qe al'l t.-ro-"e

subs'¿ances iirat ar"e siruciu::alty l-era.ted- ;.o i-tc ster"ols ancl, biie aciCs¡

to i;he e;lLr:nt oi í:ossessin¡' bhe cì.1¿.rac'r,er.rstic rtcrhydro L, 2, cyclopen-

tano phenanbil::ene l:in.r; s;'sis¡¡1rt (r). The s'i:eroic;. i1us1s'-r.s .pra;'s a raa.jor

roìe j-n a la:l¿-;e number of processes. ilany of tir,: essen-L,ial na-Lei'ìais

o-î boih planbs anc. anj-::rals have iÌris::in¡i e.s.i;he junciai,ren'La'r str:uci,u-re.

These conl:o-cinds, rìaiÐ¡ oÍ i.¡hich Ìra.¡er beeu isol¿¿Lecl ancì, s¡r¡1i-llcsized, ciif-

íer in the:-r' fr:nctions as a lreslllt of tÌ:e :iifjercni g:ou.';s ap; enclecl -bo

v¿-:.riou-s posi-tions on ilrE: nucleus, lÌot a.ll bÌre s1,eroicls are bÍolog;i-

cali¡¡ a.clive" Ofben'b-:e oirll-;, C-'rfferen..e betl+een an ac'Li-ve and inac'r,ive

forn lies in',,he sLer"'i c coníi¿uiaticn of a. si_n¿le h¡.dr"ogen atoin.

DespiLe i;he vasì; a;nouni of researci-r ihat ir¿rs been Cone in all
phases of sì;eroj-cì che;risì,i-J¡ --- r1e3r.a-d,aL,I_on, s¡mthesis, stereocliemistry,

biolo;,.is¿l- ac'i;ivi'ty ---- no theor¡' has ber:n advanced- as to 'r,jte basic

function oí ihe' obvior_r_s-ty essenLiat pe::hydroc¡rclopentanophenanthrene

ri:n3. No tÌreor)' elucicÌal,es ihe ::e¡-aÌ;i-on betv,¡een coni'iguration and acti--

vity. Àt 'L,he r:reseni t-ì-r.le, many empirical- data are being correct-

ecì., ancì ii is l-ropei t,hai; i;he near fuillre r¡il-r.o" o solu-.r,ion of Lhis

problen.

l¡ihen treaÌ;ed ',¡iuh s'Lron.'; acicls, steroicls of'uen ¿:!ive a clispi-ay

oí vai''i ed col ou::s. Tilj s ha.s prcved 'i;o be an e:lcel-l-eni ine'bhocl f cr. thei r
C-<'rtec'bion in r:-icroscopis ou.a.ntities. Par¡icul_arl.,¡ j:rierrsir¡elJ¡ s,r,udied

is iÌle reaciion r,.í-,.ir sLrtl:hrr-ric acid_. Cha::ac-be::ist-ì c absor.p.'uion specira
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can 'be proo:ucecl Lr¡der d-ifierent conditions aì, bcii¡ uli¡¿¡r.r-ìe'let anci

visible r'rar,'eiengihs" jilis rea.cti-on for.n:s ihe basis of t.ìre presen.t,

invesÌ;i¡ation'r¡ii-j cìr isri-n essence, iite e:',an:-nation of a sel:Les oÍ'l<eto

steroi'is ìi1 3¿'lr3þ¿rìc.acids oí'¡¿ir'ì ed- s-i;r'en3.bhs ¡¡¡ith a vie'..¡ lo clerirring

a bet'ur:r ünrj.eist¿¿ncin:: of '¿he::eactlon occurriir:r: oí -bire rore of ,¿he

steroicl nucieus, and of the ef,.'ecb of aciri sb::en¡.;'r,h on the reacij_on.

Beca.u-se anh;rd¡e11s suilrur.rric ¿ìci d h¿¿S snch a conve ni ent freezj_n¡,., point
ìN r.'¡¿5 cì ecicieci, pt"ior io exalrinrn¡¡ bhc lteio ste¡-oicÌs spec,,,::'oscopic aLLy,

to observe lheii cl.;;,-oscoilic efÍeits in the e.cici. Fr.orn .i;he f¡eezíng

poiirt d.epi"essj-on, the nu¡nbei oí rra::tic-ì es lrresen.i; in sol u,iion can be

calcui¿¿ieo. Ä knc,,,i-ìe."i;ie of iìris fact, heJ_ps i¡nreasu.::abl;¡ in posi;ul:rLing

a ::eac'i:ion nrchartis¡¡: . Seci,'i on A is cievoleci io tiri-s phase oÍ Ì;he r.rorl<"

In section B, a se::ies of keto s'r,eto'ìcÌs was exalitined 1n s'-rlphuric

acÍd. of tÌlree s-bren3.l,Ìrs --- Àna-r ¡lr lrhich j_s a.r¡i;r'oximatel.y g6ij H2SO4. by

by wi:i¡ht, Looi6 Hzto4, and L52i, fur-rrng surphuric acirÌ. rn a ¡;iven ac-ìd,

the::e r,¡râs iì. st,r'ikì-n¡ s:¡lil-a::rt;r in 'bhe spec-Li:i; of al_l t,he stero-ìcls.

Tnou¡ih the spec'i;:'a in .,\nalär anci loo,, r¡cre ihe sanle, tnere r.ras a najor

sirif'r, of pi:al: in fr-irrún.1. sut_Lchu:ric acicl .

rt is s¡r-g',esti:c- Ìrer.e, ih¿r'L in ;:malar ancl roo;,j aci cl the aJ:sorirtion

,speclra ar-ì-se fron i;le;,:.r:oton;.tec. c, kei;one JrioLì.p" The sÌrií.t, in i:eak

in furin""; acid is dne io a nuct eolhi-t-ic at¡ack on ihe % by llsoOr- íon

resu-INin3 -l n an 'i reversj-bie iisi:lacer-rent react-',-on, rnhich'i¡volves the

-]-oss of r."aier. In al-i tir..:ee aciil-s, the cpL,ica.J- cì.ensil¡- inc.re¡-secl ,,riur

'b:¡le. ThÍs i s aiLr"i'oii-'i:ed Lo a 'i;-ìrie-ciei¡t:nrìeni 
i.ro.bonat-ì on leacf ion.

'ro sr,rcporL t,l-re l;L'e,-j se of i:¡:oi,on¿'¿.i-oi-r: anor;iler s.Lr.on3 probonaiin.q

reeL,,en'ù t 70'Á perchloric acid. ì.,&s Llsed-. ilere ai,so, tìtose sie¡:oj-i,s
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tes'cec, gave spec'br"a r.rhicÌì -n¡'ere iqjenLrcal in sirai:e and_ De:,,k position
i+-ì iÌr the ¡trral-ar sitecira.

since tire þs0, is j"noi',n to o:ricÌize r,rå'J¡ or,¡¡anj-c co:ní:cu:rc1s,

it l,¡as sug¡;esied. tha'r, this possibil-rty be e;ça¡rlnecl.. one of the pi.o_

ducLs of o:riciai,ion r,¡irr be sor. Gr¿Lnt (2) ctescribes a ver.l,¡ sejjsiiive
test for tnj-s com¡rouncì ----bhe tijnit oÍ cÌeieciion being tg6dø. }lo

soo r^¡as fcuncl iir the acid, soj-nì;io¡r oí t,he stero.ìcs; therefore i1, is not
1-i.lcely th¡-,t oiljd¿r,t,ion i-s occ.arring.

In ¡,ìenerl,I it has been sìtown thai
(a) steroids cio no'b lend the::lselves to.lccurate cn.oscoÌ-iic s.bucìy in
H2S0ä and a reason for Ì;l'ris Ìras been advanced..

(U) tit" ul-brar¡iole'r, sirecira ¡;ive a quantitar,ive ìileasu.r.e of çre e:lieni o:i

Ieaci:Lon, ancÌ fo:." diffei"ent acìiìs, ijre na,tui:e of -Ljre reacì;-ion cccuryin:,..



concentration

'Ihe Clapeyron
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of the solute j,f, 'Lhis does noi dissociate.

ClausÍu-s equati on s,caies that

¿il"-{n *r;
ii T; -r

(f ) r^¡here ,Ll'iu.., = heat of var-rourization of pure solvent.
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i
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R = the gas constant

ectuation holds tru-e because P" anci

vapour pressure curve, 0D.

Eto
heat of fusion of solvent.

P^u are on the

Similar1y = ß14:{Í**7n; (z) r,¡here frh*s is 1,ire heat

fro:'r (1) and

rnrhere åliç

nr ïr i,.l of zubhmation of the pu-.',:

l-n p = {r:11..- .i},,; ¡î.-î} =

(3) rerates ihe va,pour pressure of pu-::e soticl solvent, and pure liqr-ricl

solven-r, ai -i:e:riperatu-r'e T . iÌowever frorn the cliagraL¡r ii can be seen

tÌrat at i,e¡rr-reratu,." î , the vajlour pl'essure of ihe sol-ution equals

'fhat of the so'liä and hence eo,uation (3) must also relate t,he vatorrr

llressr-lre oÍ 1,he sohtì;ion to thai; of pure solvent ai ihe ternpe;raturuï

If Raoultrs Ia',r is ap¡:ii c¿rbl e then

Ë = Nt = t - N2 r¡here Nl , II2 - inole fæactìons of
-o

solvenl anci soiute respecì;iveJ-y

N2)=
tr. i.r Í

- *r) appro,.imately eclu-als

(c\

=

solid solveni.
,i.

l1þ$¡-Al:, /a\\.,) ,;

J}'r ?i'
E'. l¡r ì

l*(
h(1 N - l{, and

^2to

i,^¡here N2 is snial i,



finally expressing in molaliiies
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n = molali1y

1000 = refers to

l.'L- = ¡rrol eCular
J

åî=-f HAt r,l
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ÁH+

of sol-ute

1000 gns.

weight oí
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solveni

i,he solvent
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R 
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The Quant,i;y -....:::--- is called the cryoscopic consta¡t of bhe

¿lrll 
lTîsolvent and is designai;ed by I(¡. It, is characteris'uic of the

solveni; only. i{, is equal- to the observed freezing point de-

pression re_sulting fron ì;he solution of I mole of an ideal

solute in the solvent.

Noi, all solutes are ideal. A measure of the de,oartwe

from ideality is given by the ratio of ihe effect produced by a

concentration r.r.r of non*ideal solute to i,he effecb produ-ced by

an equal concentrabion of ideal solute. This rai;io is desig-

nated by the letter i and is called i:he vanti l-loff factor.

i= observecl = iio
ffi Gxperi.ruental

lrrhere I'þ = inolecul-ar r'reight of the solute calculated from the formula

Ì,i^ = experimentally. observed

¡nolecul-ar v.reight of soluie

The definition of the vanrt l-loff factor reouires -bhat i

Nhe measure of aIL devia'bions from non-ideali-ty, no matler what

be

the
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ori¡;in" Yet, for a long ti:ne folloii'irg "A.rrhenius, i vras generally

accepled as equal to ihe nurnber of kineiically separate pariicles in

solütion t"¡hetÌrer er'istin¡¡ as rnoleci-rles or iorrs " The error of this

i:rl,erpretation r¡as indicated by Ler^ris and Ra.nd,aff (3 ). Tocìa;r, it is

generall-y accepted that i is the ::esult oÍ 'bhe total deviation Írom

ioLeali'uy, arj-sin¡; frorn both the number of differenf. pariicl es, and

the íorces i;hey exert. The difficuJ-ty of resolving i i¡rto these

componenisr., has required a separate rnethod of calculating the actual

nu¡nber of parbicles p::eseirl, in soluiLion. Tnis nrmber is called the/

factor, Thor-igh 'l,Ìiere is a f'..mdanenial iireorelical difference beiween
\¡i and. J'/ , the numerical difference becomes of conseo,uence only in

very accuJ¿:.-be calci-ijat,ions. l''l-here high accul'ai:i1- is noi der:randed-, i.e.

i¡r a case t¡irer"e it is desired- l,o clistj-n¡¡u-isn r.,,nether a hi¡;h, nolecnlar

rveigh'b solul,e b::eal<s up into 2 or 3 pariicles, the vanrt l-loff factoi'

i s a suff icientJ-y ¿loocl ¡rui-d,e.

Gil-lespie eì; al- (4) ila.rr,: develo,oecl an equation for calculatir¿;

nunber of pari;icles in sclui:Lon 1¡ sslphu-ric acicÌ./ - L''"

/a& ;
dr lfl."

' i -t.tr'- ;.\j p^i1,*. -{-' .!,uu'r*-+ ,j, S; - åë,F** }'3r,..d- , -J.-ê

{* *¡,

r,¡here ml- E solveni ry. s soiute A 
^3

52 = number of nolecul es of solveni r'¡hich react with t
'rJ

to -i ve i;oial of # 2 pariicl es.

53 = nrunber of rnolecules of solvenì, i"¡irich reaci wil,h 1

to ,give total of Ð3 pa.rticl-es.

m values refer to molal- quanti-ties.

= solu-te B

mol ecril-e of A

mol ec'ule of B

-l
,r
--!



-7 -

mean freezing point depression

mean molality of the soluie À

cryoscopic constant of sulphuric acid

is the equ-ai,ion Íor the snall but finite change in

the freezing point depression cau-sed by a small but

finite change A *., in the r:rolality of solute A.

i,ihere high accirracy is not required

*Iornula
ì['€xperr_menLaI

THN SOLVil{T - SULPI-IURIC ÀCID

As early as L9O7 , I-lantzsh published research investigations

related to the cryoscopic properties of surphuric acid. The freezing

point of suJ-phurid acid, i", i-n his opinion, ihe best criterion of

its puri'by. iviore recenily, Gittespie, Ingo1d ancl Hughes (4) re-

vierued much of the earlier r,.rork, redeterminecl_ and published new

values for the freezina poÍnt of H2SO4 (f0.3óoC. and the cryo-

scopic constant 5.98o /rnoLe) clevelol:ed a good theoretical dis-

cussion, and e>iperj-:nentai support, for many reactions i¡ sulphuric

acid.

The freezing poilt cu-rve of sulpÌruric acid is quali-

tatively i ndicatecÌ belovr.

--Ë*-

.þ , \.). =

l\r:- =

.¿r Ër -
¿a ¡nì.¿

\-: 4) r .ð
/.t L

4.
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r4!*, ú,F, lddc, fqÊtJÇû

The freezi¡g point curve of su-i-i--11¡-ric acirì shouJd be cu_scussed in

th¡'ee r-.ar'r,s, since ìn effect, tÌrere exisi three d_j-siinct rec;ions J_n

it (a) trre þo branctr (¡) tl" ccn'r,ïar part (c) the so"brancrr.)
TIj¡ r'iÁTriiì BtìÄ1i01ì

Beyonc, a concentra-,,ion.05 roolar 'l,he l¡ater br-ancir of the

cur^ve is l-inear, i¡dica[ing tLre existence of a irrol:oi'fionai relat,íon

bet'"'¡een 'r,erqÐera'bu,re clecrease ancl increas:r-ng concenl,r'aiion" The

rea.ction occ er.'in-g -i s

þ{u.ü + ¡+.i5 ü,{ *-Ì" l{-t" 'tr. 14 tÛ**

The valu_e of ihe cryoscoiric. ccirstanL l^¡ould incìic¡.te that,

tÌre slojre sho''ild be Ii,9ó. rn facì,, Gil-l-espie (4.) neasr,_recr- iÌ; io
be 1I"21. Tite discrepajlcy 'is at'br-ìbu-bed- to tÌre inccrriplc-be abilit.;,- of

al.l v¡ater ìrolccul-es 'Lo accen'l a. -o:..cion from H.scr r or ils inco:irrlete

i:ransformaticn inio 'b;le con;1u,¡rate ar:iC. A.s ihe conce¡rtr.ation of r,¡a-ber

decrea.ses íu,i'tÌrer, i'b is e:lr:,eciecL tj:at 'uÌre s_Lope rise io i'r,s ¡tia:ii,;rLr-n

i:ossible val-ue. Ins'i,ea.cÌ it fall.s io zero. Ihis is clu-e to.bi.¡o r.eactions

r+hich '¿.le sol_-¡en-b r-rndei:¡roes ',..,'jren i.b is in a nearl;, ptt::e sla.be (a) ar-lto

protol;'5-ì s (b) self deh;rcl-ration"

I¡-:r.., ô ìi:.i:'r l-r.-tmIf riJ V:rM 1L¿ !! I ¡ \-L L -L

?:'.r
V
3t-
É
iij

" ,'i

t--

The cen1,r'al i:a:.| of lhe freezing point, clr.¡ys is.,,¡ell i:ou.n<j_ed
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and- al cne polrt its sl ope is zero. r¡ i-s gene::al l;,. accepted that

the rorurCed pa.:.i; of t,he curve i s d-u_e io ihe foJ_lorring ir,.¡o r.eact:r-ons

(f ) aulolrroiolysis

â fì.s.SCa =*' fi.v1ËL',,1' ', HSf; ri**n-= t.-f xtriÍøyr,*o,lfrcoi1

(Z) self dehydrat-ion

a-Hafi'c+ æå l{a$,'.cr + Él¿t

þla.$qt3-r +-tla#+ * Lþ sÉå+ilË¿of

Tl:¿* a"" r"{¿SG4 €\ lTs<,'-å- {"t'{s*+:

S'*mnar.y "Æ È4"5ü¿ # Fì,;i{-r ülSJr- K,c{ : ,7¡ *'i%,-,r.rs*f,r.r,ã

FIon'Uhese reactions'it is obv-'¡-or-rs t,¡lly both IlO and SO, ca.use a rourrd--

ing off. i'Ialer gives r"ise to this ::ea.ction

l-lå0 *- blæs,¡. + {"åø* f* [+$dkf

The ions i:rodu.ceC rellress both clissociati-on reactions, d-ecreasin¡5

tÌre number of pa::licl-es preseni, and r¿risìng -uÌre freezing point, This

rise, Ì-ìor,,rever, is offset, by ilre fact ì;hat forej-gn spec-i es are belng

ins-b::orju-ced, ca'.ising e lor'',erin¿ bf the Í::eezi:rg poini. ì,,lhat is obser.vec,l_:

is a ba.tance betr+een iire tluo opltosinS ef-iects.

S:Lrnilar"l¡. -for S0, soJ_r-rie ---
5ô3 '+ H¿$l+ ff H¿5;a#-,

l{aSærzt ft*S¿E Ë# l**,Se .. r* -t- yi.5*e 7*
These ions also sllppress both cl_issociat-i on processes, The

rou¡clinß off on the S0, side of the cr¿.sscoiric::eall j_s here again a

balance bett','een =ujte cÌecrease in par'¿icl-es c].ue to;ep:.essi-on of ,¿he ciis-

sociai;ive reaciions, ancì- ihe increase in particl es cÌue to the r,.r,esence
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of i;he solu're S03"

GilJ-espie et a'l (t¡) trave calcu-l-aieC the vaiu-e o:î the fr.eezing

¡]oini of theoretically pure, und-issoc:-a..i;ecj. sli_';_pìru-ric acicl --- io.62oc.
Tireir l¡esi e:T¡e::inent,al value is iO.3óoC. Fron il:le clifference betl,¡een

the'cr.io, the aci-rr-al cotrcentraiion oí ions 1_-rese¡t in l-OO)j suJ_phrir-ì c ac-ì d-,

has been cal-cul-a'l,ed. Il is .O$ molai-, 'l'his cor::es,roncs io a co:rcentra.-r,ion

.02L5 lnolal oí univa't ent j_ons.

rt, is t,o l:e ernphasized tri:-b t,hi-s is-ire:-nini¡run icnic concen-

i;ration tÌrat ,.,,.ir-1 be ¡rreserrL in surl_p,iu::ic acid.

T;i t S0. Bìtli'J0li

ir'hen SO, cli sscr ves in H2SO4 a reaction occurs:

f-la5tæ 't, SÜs ËF--t tÅ;. 
S;a. üz

Even íor ve]'Jr ccncentraied soluiions '¿l:is r"eaction is al;riosi

co¡nnlel,e. (¿, ) iience it is exPeciecl thaL i;his i.¡outc.i. be ¿ll¡he riiole so,

i¡ rela'iiveiy dilute solu-tions. DisuJ-phuric acid Ís a sonel^¡Ìrat r.¡eak

acì.ri- in s'r-ripÌruric acjcÌ. r-t,s ionization constant is uírr,',o,-:,.-;:-\ 
= -o2A

ai 
rr \ ú!-{r3{., c j

".ãi"¡'*'¡,Jr.-J{gÎrl , and ilte reactj-on -ì-s

þt¿.i'r f-¡ f i{e=i-l-i. + }-{r:.i.,1i - fiS;CÞ-
'rhe parriar ioni.zation res'r_ts i¡ a s'jope of z.d.o de¡;.gm._ norlfkg.

rn clilute so,-luii-ons-bhe srope shourd rise to,¡he rinitin5 varue of
I11"96 cìe,'.' 5rn.- ncl-t l<--. Hoi¿everLlris e:çected r.ise is oÍÍset by ilre i-ncrea.sec1

sel-f-dissociative ljT.ocesse,s of ihe sol¡¡enj:. The obse::vecl srope nea.r

the ¡raxi-:lun i-s a bal-ance beirveen tirese t,"to reacrions. No riruer ilreore-
i;ical clraracte:: can be at1;::ibu--r,ecl io iis nuilerical r.ajue.

fn cìiscussin¡' i;he natltre of 'Lhe reaciion oí a coinl:ouncÌ ld-th

su-lpiruric acid one l;rus'L consj-cler the neiu::e of tìie suiphuric acicì. If
ihe i"eaci;ion is d.epencient on'¿ire ionic speci-es present, ihen the resuris
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r.¡ill be affecied subsian'b'ial_Iy r.rhen tir.e reacta.nL, si"r-l-phnric acid, ig

va::i eci frori. furning to analar or g8-,á acici"

A C3_T_OSCO'ÐIC STUTY OJ S-0-!!ì STE;¿CI¿LJ]'I iiu].Pl-ilËl-C 4C.ID

Jntrocl.uctr-on
---:--

-' í;ur'rlilT'¡'i-Éì¡:!ï
J. I{. Lj:rford (5)r,rti." reacij-on beti+een H,SO,, ancÌ a steroid

ry.:
coni¿rining 1.r;'cìro:yl or ketonic gro,,i.ps, andf or d.ouble bonds is ej-ther irrc-

'r,onetion, or deÌryclration, v¡j-th consequent ca::boniure ion forlinl,ion.

Ç r+.:

(a) f i"-
Ðtr'\'Y'*\-'"

+ H*sü,f *,r*^{X
lÉ€

Ir:.'ti
't'

b) .{." t/,tl
È1.3-\^

/\t-o"

åLåJ -,1.r

H*t + H*Stuu + H*t+ + htsq+-

+ kluso* # +

+

+

+-

l*.5C'+*

i"t'ü+ -rY'\."\

+4[{rscþ -+'+Çf + þbÕ+.+ät"iSû;

(") + !-t"rc+

A s'bu{r of the freezi-ng poi-ni; d-ep::essions caused bJ. steroids

clissolved in approxi-nately 3-OOíl tZtO4 shoulcl reveal the nu¡nber of

particles present in i,r're sclution" l'ìre c::J¡oscoi-ric '..rot"L'; r¡as guidecÌ by

the eariier l'eseal'ch of Gillespie, eL al (¿)" À ,cart of tireir e:peri-

rotal-LþJ
å!Õ
fY

tr atr + I-l¡c'¿-
./ã )}(:-
--Én (Y

\4r
14ç,Ð4
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ments lras repeai;ed in order to ascertain the accuracy of ij:re present

iechnique ancì. apÞaraius. . Tire value oí "Lhe cr;roscopic cons-banÌ; usecl

j-n the presen'c carcu-lat,ions r'i'es thai crei;ernineci by Gil-respie ----
J "jBo/moLe"

The ecluations useC- for ihe c¿ilcu-l-ation oÍ' ihe number of part-

ic'l es is ihe sinple fornu-la

T,,f ,lt¡çu B{i S

T,î --- rornlLta

.f,'L-:¡- ,â I

= no. of particles = t-,
lr{ g-r;1_-r.

K+ cryoscopic constant for sut pþu.r.i c acid

q vieighi in gi'arns of sol_u'be
r4

ft lreigh1-. in ¡;rans of solvent

Al freezing .ooint cìep.ression

forrnula mol ecul ar r,reigirt

e:perimal moJ-ecular lueight.

The rau-ch nore el a'r¡o::a'Le fcn:rula usecr by Girr espie r,¡as not

employed here since if r¡as onl;r clesi-recl ì;o ]cnoi+ the experirnenì;al- r:role-

cular rveight ai:pro,.iirnaiel;r -- i,¡itjrin LO or 1-5iá" The 'l ar-e val-ue of
'Lhe fornul-a rieighi wou-'td easily reveal r+irei.er i, oro" 2, 3, h or 5"

Äppaz'atus alrd Cìrerúcal_.s.

T\^ro sellal:ate seis of apparaius rvere usecl. --- Fig. I -_ for
the preiraration of tìre approximatety rooiS H2so4, Fig" 2 -- for the

deter;nination oÍ the depression oí the freezJ:rg poin"L of ilre solvent

occasioned by i;ire Ðresence of the so_i_uie.

Hfo::r,r''-rla

1,f'reli,oer]l:îcn'úe_L
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9gíL bV l.reight acid, henceíorì;h z'efer::ed''as Ànal aR sulphr-rri c: and

t'- -.1\furLing lL5l',) su-lphuric aci-d r^¡ere aco.ui::ed írom Br"itish Drug Houses.

The 'r,iirani for',,he furaing acici was 37il HZS04 pre;oared by adding l-50 ccs.

Analar i;o ó8 ccs . c].oubte distil-led. i.¡ater ancÌ ctrlu-ui ng ti-re resu.-ì-tant

to 'r,'¡iee its vo-l-r¡ire. Eihanol ',"¡as purchased íroril Corärirercia.l ¡l,lcohols

Lilriited and d.isj;i-l'lecl once in an alì- ¡rlass appari;ì:us" Sulphur;rl chloride

l^¡as obtaineci fron Britisir Drug ilouses and used directl-y. Àl:rnoniun sul--

phate used ',,ras 'fhai fron Balcer Chenúcals, ancl r,.¡as d:iecl to ccnstant

vreight. Cholesterol c¿:me -froia Brrtisir Drug l{ouses, cholestanol from

Delta Che¡dca1 ldorks, N.Y.¡ cholic aciC fron the iLatheson Conpany In-

corporated, Joliet I11. All tire steroicìs T^rere recrystali-ized 'r,wice
r,r,efg

from e'Lhanol, or a su-i-tab1e al-coliol--water rni;rbure" Ihey7,d.r-] ed- to con-

s'banf i'rei gÌrt bJ' heai; jng for 15 holrs r¡¡cle1i:he ::educecl pressure of a

vacuurn punpc

¡ie"sel+!,ips-s-{-ær¿Lesiselsry-Lo*oiá-e.ç,iÊ

to0i3 H2SO¡. rrä.s iaken as iirat acid vrhich ga',re -r,he maxintun freezinç14-'(r

poùt on the Beck¡oan therno:leier"

Âpproximatel-y 1!0 nl, of funing H2so4 were pu-t ini;o the erlenmeyer

of Fig. L. 37?l Hzso4 was acided froin a b'orette " Õ"5 ml. i¡ere ad.ded at

a i;j-ne ancl ihe fi'eezing poi:ri; cieterrriineci" Toivar"cL l,he encl, or r,e:c-mum,

! clrops l"Iere ad-d.ed at a 't ime. i'ilren ihe ma:-i¡tul hacÌ been reacheclrû.3 raI .

o-f 3'lla ',rras add-ecl i¡r e;lcess. Tiris v¡as to insure Ì;Ìrai; t,he aci cl l"¡as nor^¡

of a cornposition r^¡iticir r'¡oulcl give a $reezjng depression pro;oort'ional- to

the concentration of the solute. F:'eezing of ilre aci-d., i¡ ilrose i¡-
stances r.¡i:ere it was not spontaneous, r'¡as i:rii;iaied by ì;o-Lrching the

sid-es of the ei'Ienneye:: i^¡itji dr"y ice. An air batÌ-r rvas not used. because

'bhe large cluantit;r of acid required- too inuch bime to cool- j¡ an aj_r bath.
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The acid 'r,hu-s prepared, riras rl:len iransferred -bo a siock bo'biJ-e, r^rith

a double ground glass iop, and kept in a silica clesiccator.

Pro-ceç!gie*s-

of
P¡'e,:ara.!ions arrd Íre e z j:rq llo j.n-b cie L en,r-nat: ons ¡rsolu--Uions

of e'íhanol, sur nhurl'l- chl-or"id-e. ancl a::i--loniiun sulpha't,e.

Thìs r¡orli is a .:epeai; of -Lhat, cl-one b¡r GiJ-Iespie. (+) It,

t¡as used- to cìeierrirjne 1;he lilrit, oÍ accuracy cí -i:he ,oreseni appara.Lus

ancl ¡rre1,hod. Gilles.l:ie sÌrot+ed that t,he con,-ro'-lnd-s procì.uceci il:e folloi¡-
ing nunìrer of particies

etrranot {r"Hæt"l *${*-5t}4. 4 C;:H¿llStr+l{,rcf*l{Se,- -- J pariicres

arnmcni-L:m s ul-phat e

{ru1+t}uSq "r-r{¿tr4 .{Nl'|.¡r + ä [+s{4r -- 4 pariic]es

suJ-phuryl chl o::ide

sÖ¿el¿ + t4*."ËCI+ *? r,þ ff"4&e'r¡enl -- I pari;i-cre

si¡ce all- these sorutes dissol-ve reaclily in H2so4r soru-

tion coul-cL be efi'--cted and tÌre conseoueilb d.ej:ress-i on measured irlnediate-

ly. The r^rei¡¡ht oí tÌre solvent, and that oi the soluies czH1;oIJ and

SO2 C!2 lr¡as calc'u-l-ated from i;Ìre densìti' and ihe volunes used.,

The solvent r'¡as put into apÞrrraius of fig. 2" rts freez:Lng

poin-b r'¡as ciei:errc-inecì thus : tlre ice bath coo'l ed the a.ir batÌ:, tÌri s

caused l;he temperaiure oí the acicl to Íall--\,iæn il rias belj-evecì that

the acid t.¡as super-cooled, it r,-as t-ifted sþ.3Ìrti-¡r from ihe air. 6ath, and

the sicÌes toucheiì r'rith rìry ice1;o i:ri'r.iaie crysÌ;alliza'r,ion. r.b 
',.ras

j-rnLiddiately put back into ùlte air bath. The ì,ern-oeratu:.e r..rhen freezÍ¡g
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takes olace rises -- 't,hai; val-ue which aíter this rise, renalJrs con-

stanì: fot 2 rúnu'ces is ì;al<en as the fr"eez:i¡g poi¡t" Tne Beclman is
tapped before eacìr reading 'r,o remcve tÌre possi bility of i;he nercury

sticking to ihe glass. The freezing poini is d-eter¡irined tÌrree tirnes --
'rlte seeoncl and Ll'rird tines the araount of su;cercool'ìng is mad-e a mini-

murn by bouchÌng tire dry ice i;o the tube i.::rriecì.'i at ely after the tempera-

ture has farren belo',,r i;he Í'reezi-ng i¡oint obserr¡ed the first tiriæ.

Trror-rghoui the '¡,.ùole d-eien¡inaiicn, 'r,he sorveni; is r¡igorouslJr - hand-

stirred.

Afl;er 1,he freezing coini of tire solven'b ri¡as deterniineCr the

apÞaratus Ïras opened at Lhe groimc glass joint and'i;jre solute quiclily

added" The a.oparatus r^¡as i-ruredia.bely ciosecl again. Iìi;hanol a.nd. sut-

phuryt ciiloricle '$ere cì.rop¡:'ed in frorn a pipet'be, a,ni¡noniurn su-ì¡hate frorrr

a tarect boi1,}e, vi.Eorous sì;irring insu:.ed the cornplçis so]u-.r,ion and

unifonn concenira'bion. The freeaing poi:rl, i.ras '¿hen clei,ernined ìn ihe

sarûe rlanner as thai forbhe sol-vent" Here also three deterrrina'bions

of each freezi¡g point were made" l.ree addj-'i;ions oí solute were

usualiy nade in one exl"lerir.rent.

À b'l ank I.Ês cond.ucied to clet,erni-ne the rLepi'ession ari sing

front rnoisiu-r'e enùerÍng the apl:araiurs during the aclclition of soiLrte.

Bxactl;r the sa:ne pz'ocedure r,¡as rr.seci- as i:r the cleterru-na'bion for solute.

This correction -- .O4oC -- arises ev(:rry tire tjre apparaius is openecl.

This .ral-ue is quite constant íor sevcral- tr-ìaj s on Ciff ereni; da;rs, The

freezing poini oí'¿ire aciC in tire arc¡-,ara-blrs cjr¿r.ngecl .O6o7how, Iir takes

a,oproximately one hour ío :.ìJìn an exl:eri::ient.
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The dat,a for these eiipr;¡j;11snts a::e iabut aÌ;eci in Tabte I
'bhe freezil.lg poi:rì, d-elressions aïe co;:'rectecl for ihe no-l s,¡ule s¡l-a-niirc.

l,Ìre appe-rair-:-s -L'¡llen ii j"s or:enecÌ. l-lnuy are not corr.ec¡ei for. t,he temcer.ature

ch'op i:r 'bÌre solvenb itsè-l-f du:rin: tire t¡nie of .i,he expe:..i;nent.

Ëvaiu¿:,tion of Resnl'ts

Since 1^re âre oni;r aiienp'i;ing to cÌis'i;ingr-iisÌt betr.¡een l.¡Ìro-l e

numbers oÍ ra::'bici-es, raj:irer than lleasurin3 an exact quantitJ¡ til<e

'r,he cr)¡osco¡ic consiant, c::"fhe dissoc:La-L:ion cons,ba_ni of ihe so_Lute in
iire sol-vent, the accrtj:acJ¡ anci ret:loAucibiii_i;¡r ¿c:þ-ì slrscl he:c:, -i;hoi-r¡iÌi

inferio:: io iir¿-Lt, obì;ained b¡r GilJ-esi-ie¡ nevez.iiietess cÌisi;jnguisjres we_t-.]

beil'¡een Lr 21 3, anc L¡ pa.ri-Lcì-i:s. Hence.îor ouz,rlul:lose lt, is satis_
Íec Lol-,'.

Since ihe so1rrbii-j-t¡r of Lhe sieroj_cÌs -in sn_r-I_,Ìiur.ic acid. is
low¡ j-i',¡¡as deeinecL besi, l,o effect soiui;ion dr_rring a iine rc:::iod of
api:::o-o;i-r:i¿-tei;r i1.¡ç Ìroärs. TÌre sÌ;ercicl l^ias r"reigirecÌ i¡io small gror-rrrd

glass stopperecj boi-bles ancl- a hnor.;n c1u-anti.i:¡, of s,:Ivent add"ed, the

boitres ivere Ì<ept drri:rg ihe 'i:r.¡o iroi,rr oerioa i^f"i1ica dessicato::.

TÌre sol-ution r'¡as'uÌren ii'ansferred 'i;o the freez-j ng a;;para.bu-s o.f Fig. 2,
TÌre freezing poi:rt i\¡as cl-eter:nined in tÌre sa.ne rrenner as Íor.Ui:e sol-vent

descril¡ed in the i:revior_rs secti_cn.

For ihe ini'r,iai ou::'e solven't.,,a'j ue, a. blanÌr ',.¡as carriecl iiiro,.r-gh

exactl-y ihe sanie procedu_::e as the soiui-ì ons, and iis fz,eez-i ng i:oi-ni
r.r¡e rrcaÄqùv!¿.

C¡e is6l..,t"¿ s;r-pet"_bleni, r¡ras cond,uctecl- using benzene as Ì;he

solveni. r¡ iras a íreez-ìir3;-c:nt nea'ilr¿..t of t-r2so4 --- 5.5ro and a

cqrosco|ic constan-i o.î Lç.!ìOogn.l1sl .-a ,.a]1 lt"f"= 1,al:l-e fI h-ne ?.

-P:: qgr a!l_o. n _afÈ_iife e z rn e_-!ç!gqf@rion .for Steroi Cs
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The cyr.osccpic clata. Íor the sÌ;eroicls ¡ s tabulaie d j:r
Tabre rr' rn tire case of ihe benzene sor-vent iire presence of one

pa'i,icle is i-ndicetec. rn sr-il-ri-ru¡ic aciclr i:he ci.ata s*3¡iest, the
presence of a ver;ø lar¡re 

'.'mber of particl-es --- beii.reen jJ anc\, tçJ.

In a'¿-ber¡':ting an exp-l_anati-on oi, tìrr:se Ðheno¡nena, .bìrese

possibiliiies r¡ere ccnsicie:i:ed.

r rÌre ciepr:ession i-s cr.ue not to t,he steroici but -r,o occrucied et,hanor,
Tiris possibi_i.it;' r*as rejec.becl beca.u.se

(") i;he s.t,eroj_cÌ i.¡as Criecl to constant rueight.

(¡) a carcnrati-on i-evears ilrai rÍ rndeed ihe d-ep::r:ssion
-'trere ca.r.sed b;i occl-u:cied sclvcni, l,hen IOO;J of the solube

cr-'ìssorvecl ivou-ì c. have to J:e sorrren-b in o:cìe:: .r,o 
lrr"ociuce

tire oJ¡servec-,1, cler;r,es si_on.

(c) tÌre isoi¿iiocÌ case of chorcsteror- !r benzene, r.,ìricÌr i.;:r.,es

'r,he p::ed.ic-bed sinç,1.e parbicj-e, su-i..:.;ests t,he irutrit,y of
.Lì .'r.ne so I ute.

rr rre clep.:i:ssj-on ís cr.lie lo an i::ii:r-rrity :_n .brre sor ute oLher tÌran sol_
--__-!venl" -L'ilas may be L:1a.u.sib¡e sj-nce s-Leroids are v(lry cij_fÍic.il_{, ro
gei:_n Oure íorlit. lior.rever, the sì;e::o-i r-l,s sold by iire i,ive¡ compe,nìeg

are oÍ the hi3Ì-rcsi, i--u,:ì-l;y a'Li;ainable in their labo::a.¿oiies, a'¿ if
an i¡r¡u¡.ii¡r renains, it must, be cÌiffic,-:l-t ,bo seT:a¡"¡ite, lhis su_¡lgests

thai ver;' possibþ iì, is a nol ec-ir-.- e r..rhose strrrc,¿uie ¿."ncj n¿rture is
s-i¡rir-a' to i;ha'i; cí tÌre steroid. Hence it, -r¡our_d have a iri.gÌr moleclrlar
tr'eight, -- Í:t onl.'r an irnpr'rrJ-i;rv of ror.r rnorecul_ar ireigÌri;, and o'rJ¡
a subs1'antia'l anourti of i'b, woul-d account for t,jre observecl resnlts.
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ÏfI The d-epressi-on is clue to conia¡¡ination from i;he ou,-üsicle. This
possibiiitJt r¡as rejectecì- due to 'l;he resul-ts observecl on ethano1,

sulphr:ry-l chl-oricìe, a.ncl atrtoniu* si-rr' r¡hate. Since ti-ie exper.i¡nental

tirol ecrr'l-a:r r'reighis cbtainecl for these corapouncls agree i.,¡j-1,hi¡ lO;: of
ihe forrnul-a var,-re -- it, ¡;rourd incri cai;e ihai ì;here is tit.r,re con-

tan:_ina-bion fron the outsicte.

IV Sulphonation occr!:s

rf sulphon¿:.ti on r^¡ere io occuï, ii r.,¡onld rrave to occu'
¿.t several carl:on atoms j¡r order to prod,uce the large nunber of .

p'ariícles. Dr'lrin8 su-rphonatj-on of one carbon a-uo:¡i -- ì;hree parti_
cles are o:.ocluced

+' ùd¿5C'a 
-Ð 7- t{e&

FXaC + H*SÕ+ ---*Þ -F t{s$á

ffi
1øn*

b{sö*-

w
I'or a no] ecul-e ril<e chotesteror- r,¡hicÌr has roFI aroup and- I doir-bl e

bond su-i-phonati-on a'u 15 carbons gives 31 pari,ici-es

i;he 0Ël :,loujls gives ri_se to 2 pari,icle.:s

'bìre ciouble boncì S-ives ,' l_ par.bicle

Tiris r'¡oul-cl acco'nt for 3r+ part,icres. I{or.¡e.¡er ii seems Ìrlgirry
unlii<ely ll:lat su_cjr a reaction occtLr,s.

Fragmeniaii_on occlrs

r.f sr-r,rprruric aciri l¡er-e 'bo rupiu::e tÌre si;ero-i ci morecule¡

one of the i:r'oduci:s of 'r,he o--:iciat-ion r^¡oul-cr be silrr_prrur dio,.ide. rn

-þ¿
+ t{s0' + F{S0ç
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secticn B, i t is sìrorrn ihat no so, is preseni j_rr ihe su.-r j:jru::i c acid
soLu'r':rons of steroicìs- Further, if fragrrrentation ruere to occur, ib is highl_y
u:rJ-iÌtely that the :resuJ-ti:rg s!¡ec.Lre cf t,he s,cei:oid in acicì, s¡outd
be si.nple, witir a singre peart. Teì, such is-i;he nature of ilre slrectra.

VI A Pcssib_t-e anation that ¡rras arrived ai -ìs ilris:
Si-nce i;here is no e.¡iclence that an¡, t eacti ons besicles

pz'oionation and clou-bl e boncl acicu-ii.on occu-r, one i¡usi concl ude, tirat
iire abnor-:-,ra] cr;'e5co¡ic behaviour of steroicìs in su_l_lrhuric aci-d, ilust
be cue io a change i n t,ire nai;u,:e of tìre sorvent. sur_pnu-,ic acicr i s
knoi'¡n to Ìrave pronor]nced' struci;u-,"e in t,he ric,uicì state. Tire r¡apour

ìoressu-re clì.r:ve rcr:i".:sents an equi¡ ibr:Lum between iÌris liqr_Licl and

vePour, a'r, various ieml:er:atu-r"es. rf i;ire s-bructu:.e of tne liqr-ricl hrere

dis::u-i'¿eci, pariia.lr;r o:: co:ii:re'Lei;., the v¿jrcur Êr.essure curve r¡ou-r_c be

raisedto an e:d;en'b ::eflec-Li¡r¡-; tÌre a;iicluri of aj_sr_r_r1_.tion i_n stl,uc,l,ure.
@

Consi de:: Fi:::. III"

V-al;or,ir

l'r'es sure

T s¡"l Fq. R AruRË
tr

ri T)ilu

\,r)

,,7 vaÊolir jr)l:essu_re curve of solicl- s,_Jphur_ì c acici

vapci:l: pressul:e curve of rnoli.air tiquid, sr_rilrhr_rrió

possil:l e vai--s11t' 
'r'essure cul:ve of r ic|rici sur-r,:rrur.i-c

s'bi'uctu-re iras been pariiail;r disr.upieci.

velrour pr:essure clr.l:ve of a soru-tion of steroici in

aci d

acicÌ ir.hose

EF
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The concentraiions oí steroid u-secì, shoul cir i,irr.ough noi:-r¡.1

cryoscopic behavi ou::r have occas:-onecì. no freezing poin', cìer--,ress ion

of iire solvent. Vet a su-bs-Lantial cirop r¡as obser',¡ed. 'ihis drop i-s

ati;rÍbuied to 'i,ire abitity oÍ steroiils io clis::upt the iliernal struc-

tu.re of i,ire solveni. Tne sieroids ¿rre very large molecules. i.,rhen,

they become cirarged., 'r,hrou;,;h protonaÌ;ion, -i;hey are very sot ubl e in
suiplru:cic acicÌ. Their size, 1:lus tÌreir solubil-iÌ;y, nay be e;¡_Ì¡ected

to disn-rpt the structure of LÌre surround.init solvent. The cr.rroscoi:ic

effeci; can l¡e seen fron the cìia¡:;:ia"n,

The va.pour pressure cu.i'ire CD is Ì:iri:.i; oí a 'bheoretical prìre

su-l-phurj-c acicl r¡i'r,jr the sane :u¡.o-r¡rri of s''r,ruci.Lt-r-e as i;hat i¡ tile pre-

sence oÍ' sieroic.. 'rÌre .i.'reezing point of 't ìris solvent r,¿ould o" *
The observed deoi'ession by sieroiri sot u_ie v.,ouiti be ¿5 tl, ancl_ noi

the normal e:.-pec-Ueci & Tt. The va-ue oÍ A, d,lui-t1 be a coinplex fr.rnc-

tion of 'bÌie concenirati-on of steroicì ¡rr"eéent. T1 rr,itl decrease r¡ith
increasing concen'braiion. l-iowever T] r,rill al-so change. Ài first,
it rnay be e;lpecteci to rise, bub it ilusi level- off. The mairnituce of the

resrrlting depression :ilr be cliíf icult ic pr-ecìi ct. rn view of ,r;he

s¡ia}l concentra'Lion of s-beroicì, i;Lre rla¡lnilude of tÌri s dep,"ession is
i"a. bher sr-ri:,r.isi-ng.
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COÌ,ICLUSTON

ïre preseni ¡..¡ork incl.icates tha-b cr¡roscoÌtic stu_d:Les oí

steroids in rL.r.i.pl:tu-i-ì c acic cannoi nroiuce conclusi-r'e evicience of ¡1re

nalure of ',L:e reaction occui.r.ing. The reason for tÌris has been ai;-

tributed 1,o tire aì:ii-ti;;r of -r,jre lar.ge s-ueroi cl- nolecul-e ,¿o Cisr.upi; i;he

s-Lruciu:e oí i,he sor.¡eirt. The clisrup'Lion of i,he in'Le::nal s,rru_c.Lu:"e

oi 'r,he sull:huric ac-ì ci- coulci be a rrcÌis-assoc j-al j-onil causecl_ bi. j;he fie'l d

of tire steroì-d-, "¡hi ch acis as a large lrel-ectroir clou-drr. This sug.ies.bs

fhe e:--i-sberce of ¿.n e:iciting fiel-cÌ oí sbd{v --- rr-hai; is.Lhe ninimum

size of rn6-lcsu.J,e wili-ch can prorir,rce biris effect? Gold ancl T;,e (ó)

meni;i-on iiral, an-i;hra.cene in suj phur.ic aci-cl cannot be s;uiÌ-j eci cr..yos-

copically" In i sol a'beci e'-lpe r:'-taenis couclr-rcted he::e, it, ,r¡as f ouncl- lhat
botjr anilìi"åcene, anci ietrah;.Cronapìrtjratene gave unusuilll;r 1ar.ge cìep-

:i:ess:'-ons. Ho.¡ever iìris line of research r.¡as not follo',¡ecL íu.i,Lher.
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AB,SOiÌ,PTIOIiI 0F ULTRÀVIOLET AI'JD VISIBLI LIGijT

tsY OIìGÂI..J_IC COI,POUIú,S

HÏSTOP;T

I{o attempts to relate the colour of an organic com-

pourd io its chemical constitution v¡ere made until Perki¡ i¡r

1856, s¡m'bhesized the d.ye kno',vn as Perkinrs mauve. Graebe and

Liegerrnn associated the colour of organic compounds r,rith i;he

presence of doubl-e bonds. Witt, in 18/ó, introduced the concept

that Íormed 'i;ire basis of atl subsequent colour theories. LIe pos-

tulated the requirenents of i;wo conditions as prerequisites to the

existence of colour: (a) the molecule must possess a potentiality

for colour a:r¿ (b) there musi be pi'esent a salt-forming group to

develop the col-our potentiality. These tv¡o condii;ions are in fact

the precursors of our modern chromophoric and auxochrornie groups.

Itlo furi;her theoretical advances r.¡ere made wrtil L926 when Sclrroe-

dilger published his historic paper, md quantr.rn mechanics was born.

A theory was sought, that would- relate colour to the energy levels.

Br:ry, ín L93h, suggested that the basis of the colour of an organi-c

compound. may lie in 'r,he quantum mechanical resonance phenomenon.

The Ímportance of ihe excited s'bate of a molecul-e during the light

absorption process r',¡as real-ized by A. L. Sklar, r^rho proceeded,

upon this basis, to calculate the absorption bands of a number of

unsatwated hydrocarbons. Li:rus Pauling, by outlining a method of

a'i;tack on the quantum mechanj-ca} problern of the colour oí dyes,

contributed greatly to our knorrrledge of the problem relating colour

and consiitution.
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TI{¡IOBY

'rAbsorption spectroscopy involves the dispersion of

the furcident or transnittecÌ light, and the measurement of wave-

lengths. The simplest means of effectilg tiris, is to place the

absorbi-ng substance in the optìcai path of a spectroscope il-

lunrined by a constant sou¡ee of light, and to observe the

resulting absorption spectrum, in r.rhich regions of absorption

appear as dark lines or bands.rr (l)
,î

i'ûrdir a molecul-e absorbs, its energy is momentarily

increased by an amount ecr,ual in energy to that of the in1:inging

photon. i'fafhe¡natically, this nay be e,-rpressed as

tr
{lE = hÐ'=. [¡g v¡here þ; = frecluency

À
Atl - increase i-n energy

h = Planckts constant

L = velocjty of light
I
À = lrâ\¡e-l ength

The increase in enel:gy is distributed tÌrrough rotational,

vibrational, and electronic enersr lerrels. Relatively little

enersr is required to excite the first t',yo. llorrrever onl;r photons
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of energy in ul-traviolet regi-on r^riiÌ, usually, excite the elec-

tronic levels, Thu-s, the region from looo -- gooo Ao represents

electronic spectrao

The i¡rtensity oí absorption is expressed by the Beer-

La.rrbert Law

1-og fo. 
= kcl

ï

where Io = i:rtensity of incideni light

ï = intensity of enútted 1igh'u

log Io- = optical clensity D

ï
1 = pai;h leirgth of absorption cel_I

c = concentration of solution in grams per liter.
k = specific exbilction coefficient

Ì"l"nen r = l.oocm., and c = 1 molar, then K = fr ; molecuJ-ar exti-nc-

tion. The coefficient € is a measure of the number of absorbing

fragments, rather than of the differences j¡ energy between the

normal- and excited states. rt is a function of (a) the size of
the mol-ecule and (b) i;he i:robability of transition. For tran-

si-tion to occur, two processes must take prace si-rnultaneousr¡r:

(i) ttre photon ¡rust strike the morecule (ii) ttre morecu.l-e must

exist in a configuration thai; l.¡ill permit excitation.
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The l¿rttc-:r brings in thd factor of .t,ire probabilitJ- oÍ t::ansit,ion __ p.

The ma::irnurn val ue th¿i P r-ta¡r þsrrs is l. I{igÌr iniensíty abso::.,_.bi on

ban'Js, a:'e believed- to have transitions of i:igÌr pr.obabiiitJ. -- such

t:'ansi-i;i-ons aire cail ecl tar I oi,¡ed transi-irons r . Lov¡ intensity bancÌs,

less than 103, a.ise from lransi.r,ions of i-or.^¡ p'obe.bi_li.ty. lVhen

P = .01 or less, the tr¿rnsj-bi_ons ã,re cal_lecl- Íorbiùlen. p rn;r ¿fss

be called r¿he iransiticn morcent.

For Èi-mple rnolecul-es, the curlre relati..l ,\ , air.cl e
consists of narror+ -ï.oìrïrs of peaks, each of i,,rhj-cjr col:resironcîs to a

'r,ransii;ion from a i:a.t"tictt'lar co:rbln¡-ticn of vii:rationaì a'cj ro.r,ational-

l-evels i:r ihe 8r'oi:,-rrd1. siai;e io a i:arbicular co¡bin¡:ticn in the e-_^.cj-¡ed st,ate.

Si¡rce the viJ:::a.tiona," 'ler.el correspondi¡¡; to ihe eqL;-ilibluin distan_ce

beti.¡eeir nucl-ei is ,i:los-i; ¡:opr-rr-ate,1, .Lhe i::an.si,cj-on iron ¡1ris level
gives the ¡lost intense ,'-.eak. On e¿.ch s-icÌe ihere r,¡r11 be sinaller. peaks

arisl-nit frcn other 1 ess p¡:cbable ievel s.

Fpr complex rrolecL:--res: iÌre e:lstence sf ,i r,rç¡r¡ l-arr.e number

of vib.rational leveis c¿r"llses -bh.e j-ncliviclu-al pealts to accu:nu-l-aie gnder

an enve-l-ope ancÌ iìrese envelopes are..observecl as absorliion bands. This

effeci is \rery pj:onollnced. ii-r so-Lutioilr r^rirei'e'r,l:e -ii.ne struciu.re character

of a band, is sel dom seeno

Several- pat,Ìrs I ie open io the exc_Lted nolecule (.) ttr* e>lira

ener::)r rLay be dissi¡a'r,eci ihrou¡rh vibratj-cn or rotation, anol ihe molecu_Ie

naJ¡ return to the :..round sta-be (¡) ii befcre'LÌre norec'-rl=e.can ¿issipate

i'bs ener¡:y as in (") it 'Lmdergoes a cl-o,,.m,".rard et ecilonic transiti_on, the

e)icess enel'gJ¡ I'rill be eii'rit.r,ed as -t ilht -- the -ii:,Ìrt l,¡i-t I usuallJ, have
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a freqlrencx 'l ov,ner -bhan Nhat cf 't,he excj-i;ing j-ight -* tiris ;ohencnenon

i s Ìcnor''Il as f-j i-r.crescence" (") i:he r:iolecrùe rna¡. clisinte¡r::aie, eiiirer
-r,hrou¡;h phoi;ocjssociation j-nto íree la.cii-cals, o:: ih::ou-::,Ìr photo-

i onizati-on inLo ions.

libsorption in 'r,he 11-j '¿¡¿:.yielet or visible r.e;.,i-on jnvar.iabl_;r

irivolves -,ra-Lerrc;, elec'tt"ons. Since lìrese ale closeþ relai;ed io the

cire:¡úcal proneriies oÍ a co:rçor-urci, 'bire ul-'r,z.aviolet st'ecira proviie

basic jnfor;:r¿rtion. It, j-s jiroi-'er thai in oealiir¡. l.,,tt,h the si:ecti.al

;oroperiies of or¡lanic ccnþo'.mcls in i;his r"e¡,j on, the i;:i1-.es of possible

r¡alencJ¡ e'rl-ec'uror-ls Ìre classii-j-ed.: (noLation frorl mcl-ecu-l-ar oi:bitai
'i;heory)

1" € elecirons

2, -iT- e'l ec'i,.r:ons

3. Ð el-.:c'Lrons
t

l+. rocìdr e-l eci:-'cns

--- .Íonii n¡; s ìn,-.,1 e bonds

--- fortling roul-tilie bonds
t

--- unsharecl eiection pairs

--- l-1re¡eent in ír.ee ::aciical-s

5. cirar,';e el-ecl:r"cns --- Ìlresent j-n j-ons .

Saj;uraì;ed h).droca.rbr,:ns contai-n onl .1r f el ec'i,rons. Such ccr-rpouncls as

methane and etÌtai-le e;chibii; absc::.1,:ti on specira in the fa:: ultravj.ol- et

pnly. Their intense bancis ai:ise fron'¿r¿o t;rpes of ira.irsj-tion:

I II 
-)V 

ti'ansiti-on. This -ìnvo-ìves a p¿iriia'l transíer of bhe

electron for"riL-in.q a carbon-hyd.ro¡1en, or a carbon-carbon bond, io one

of ihe consiituent al;cns, urcì hence ¡rroräen'i;a::'ii)r increasìn.:, trre ionic

characir:r " Thus

-c_c -_-)_Ë ö_ pr -C-H 
-þ 

=Ç i-lr
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¡

II N --+D transition. This is often cal-led a P,ydberg tran-

sition and represents the progresslve reraoval of a 6 electron

away from both constj-tuents, cul¡i:inatj¡rg in 'l,he complete ejection

of the electron from i:he molecuJ.e v¡ith formation of a positive

ion.

-e-C- 4 -å"ß:-ør -e'*h{ --}

I,{hen in saturated compounds there are preseni elements other

tharr carbon and. Ì¡rclrogen, J-.e. nitrogen or olq/gen, there are

available p as well as 6 electrons. The p electrons,

because they d.o not form bond.s, are held less firmly than €

electrons and consequently suffer Rydberg transitions a'b longer

l,ravelengths.

Unsatwated, or'ä" electron-contajning compounds, und.ergo

the same type of transition as ¿í-electrons. Hor,rever, ovr5ng to

the less tboncì.i-trgr character of the'ñ electrons and the con-

centration of the electron d.ensity laterally to the axì-s,

rather than i:r the axis of the bond, the displacement of

electrons occurs more reacì.ily than that of the 6 electrons.

The characteristic absorption of mr.ùtiple bonds therefore lies

at longer rrravelengths than that of single bonds" Thus the

carbon-carbon double bond in etþlene and the carbon-oqrgen

double bond in fornaldehyde give rise to

(a) N 
-à 

R transition at 12OO - 18OO Ao

(¡) N 
-.ÞV 

transition at 1800 Ao. Both (a) ana (b) have

large € values.

(") weak bancì,s in the near ultraviolet ¡¡hose meaning is not too

-c 'H
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clear. Hor,rever, it is bel-ieved that they may be due to forbidd.en

transitions N -* T for the carbon-earbon multiple bond; the band

at 2800 Ao for aldehiycÌes and ketones has been ascribed to a for-
bidden transition in v¡hich 1 p el-ectron is transferred from the

o>g¡gen to an antibonding orbital.

CHN,O}4OPHORES Ai{D ÄUXOCIjROIVIES

The electronic specùra due to i¡diviclual groups are modified

by ilteraction v¡ith other groups present j¡ the mo]ecule. This inter-
acl"ion may be of three ki¡d-s --- vibrati-on, elecironic, or steric.
The electronic interaction is the only one v¡hich results in r¡arked

dispJ-acernents. These are very strong in those cases wirere the ad-

jacent groups contai¡r higÌ¿y porarizabr-eflor p electrons. The

classicar term for an arrangement of murtiple bonds in adjacent

positions i.e. separated by a single bond., and. the consequent elec-

tronic interaction is trconjugationrt. rn fact, it would more apt that

it be termed ---'T[--T conjugation. Besicles this, there is-ll-p con-

jugation lrrhi-ch is very strong, and Tí*d* conjugation v¡hich is weak.

Each t¡rpe of conjugation resu-lts in a crosing up of the gror:nd and

excited levels -- ix fact, a decrease in transition enerry and. a

resulting band displacement to longer wavelengths. I,iost organic

compounds shor,v-ing selective absorption in the accessible ultra-
violet and visible region contai¡r either -fËTf or*lÌ*-p conjugation,

tr{itt I s original noinenclature has been niodified so that tod.ay,

chromophore, and. airxochrome, refer to Jl- electron and p electron

groups respectively.

rn TT*T1 conjugation, iwo chromophoric groups often prod.uce
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i¡rtense bands aror:nd. 23OO Lo.

of thiskixd, -f,=C-C=O

This is ciue to N **o=V transitions
+1.¡i---+ r,-u=Ç-0a.ndthe

resuJ-i;i-irg absorpti-on bands are called K bands, (K for Konjugation).

There are also present r¡ea}< bands ai longer wavelengths. These

are probably due to the weak bands of the single chromophores,

and are called R bands (n - for Radikal). The longer the con-

jugated systeu, ì"he longer lrill be the wavelength at which the K

and R bands appear. Buraiuoy (8) stai;es that fhe acldition of an

acid molecule to the group will destroy the R b€Jìd i¡ all cases.

Hov¡ever the I( bands will upon addition of an acid molecule, be

displaced toward,s longer wavelengths. The dietectric cons'r,ant of

the solven'L also affeci;s the K anC E bands -- -r,he K bancì r,'rill be

displaced tol.¡ards longer v¡avel engths, whereas the R band will be

unaffec'¿éd, or moved stight'ly towards shorier ilraveleng'bhs. Si¡ce

the R is not affected to an¡r exLent, it woiùd seem, tha't ii; is

the rotation levels of ihe excited sta'Le r.¡hich are affeci;ed. The

K band displacement ivould then mean'bhat a particular rotation

l-evel is favoured.

-iil - p conjugation has been relatively recently recognized..

The magnitude of the auxocirronic effects clepencÌ upon the avail-

ability of 'bhe p elec'brons, and upon the position of the key atom

j¡ 'r,he periodic sysiem. Hor,¡ever it has been shor¡m Ì;hat there exists

no relation betl'.'een the l-at-Uer and basicit;r, ionizatíon potential or

other simpls parameters. G. I'I. Lev¡is and H. Calvin (9) ¿escribe an

auxochrome, as a groirp r,rrhich provides, through resonance, entirely

ner.¡ electronic paths, and hence, may not only shift old bancis,

but crea"be nel.r ones.

The absorpi;ion bands of p-ilconjuga'r,i-on are analogous 'bo

the K bands ascribed t,o N"*ù V transition
-G.__c_t[p,2{:_å _€._e

'+
:llRe
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Evid.ence that the p elecirorê "r" involved., exisis ín t,he fact that

the ar,:xochromic effect is almost completely absent in quaternary

derivatives of the group V elements, rrhere the p electron is used i-n

bond forrnation. The effect of an auxochrome is considerabJ-;r dependent

upon the chromophoric sysiem to which it is attached. Carbonyl groups

behave very diff erently from e'i;[ylenic and benzenoid systems. In

carboryIic acids, esters, ancl arnides, no K bands due to 0 : C - 0R

or O I 0 - MZ appear above 2OOO Ao, and at the same time the weak R

bands of C : 0 near 2600 Ao disappear. Tirese effects closely parallet

the modification in'bhe chemical propertÍ-es of the carbonyl þroup, and

the disappearance of ketonic characier.

ïn general, the absorptj-on due to isolated chromophores, i.e.

separated by at least two CH2 groups, j-s adclitive. Thi-s absorption,

resulting frorn TFf conjugation, has in a felu isol-a'r,ed j¡stances sÌrown,

however, 'r,hat there may be appreeiable spec'r,ral jnteracti.on betweer: F

or p electrons even across 2 or 3 sj:rgle bonds. Ii j-s noi knor.¡n to

what exbent this effàct can be at'bributed to induction or lgrpercon-

juga,ion"

The introduction of a permanent charge irtto a chromophoric

systern, effecis a profound change in the absorp-r,ion spectra. The

charge rnay change a nonabsorbing species i¡l-bo an ahsorbing one - i.e.

colourtes" (Crþlr)*,gH and coloured {C* Hu)* e 
"

The absorption of the latter is said to be clue to ihe transition, in

v¡hich the distribution of 'r,he resonating charge betrveen the several

available positions becomes mornen'barily altered rinder the influence of

the light field. Such specira are termed cÌrarge resonance spectra, and

are dj-ssi¡ril-ar to lhe charge transfer spectra arising from ltl + V

transitions. The effect of auxochromes in such systems are large si¡ce
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they provide seats Íor the resonatirig charge.

'ì The solvent may have a marked eÍfect on 'r,he absorption. Brode

(rO) aivides solvents into ivro categories -- (") nonpolar - rr"hich

j¡clud.es inactive conpourcls such as ihe saturated paraffins anO- (b)

polar sol-vents lvhicir very often tai<e part in an actual chelical

combination r-j-th the absorbilg molecule. In the latler cases, the

rnolecule formed may have a charge, and nov¡ being a polar molecuJ-e,

may give rise to a neÏ,r sharp spectnrm, such as is found in a non-

polar solvent. l'JoodwarO- (ff), notes that a more polar sol-vent than

alcohol vrill shift the strong absorption bands aL 236 mt; of ,,¿'lJ
/l

unsaturated ketones to lor,¡er v¡avelengths.

The position of the absorpiion peak in a nonpolar solvent is

also dependent upon substitution at atorns v¡hich are part of the

resonating system. I'Iood.v¡ard. (fZ) ta¡ufated the ernpi-ri-ca1 values

that substituents on alicyc'lic dienes have upon Nhe position of the

absorption peak. These values r.rere consequently used by Fieser

(f3) to calculate the peak position in alcohot of certain suitable

steroids. The effects of ster@ochernistry on ultraviolet absorption

spectrahave been very apily reviewed by E. A. Braude (f¿). In

general, si;eric effects cause small shifts i:r the peak position

due to steric interference of resonarice. Seldom are sharp differ'-

ences in posibion or the shape of the band observed.

This has been a brief sulnÞry attempting to elucidate lrhy

organic compouncls absorb, i,he ty,oes of absorption spectra, and the

main factors that afÍec'r, absorption.
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The two basic laws whi-ch govern quantitative absorption

spectromeLry arez

I La¡nbertrs Laur which states that the fraction of light rorhich is

absorbed by a substance is indei:end.en1, oí ihe intensity of ihe in-

cident light

Ï =:^ J* ,'l- 
&å

r^rher.{ a¡:¿l are the incident and emi'Lted light respectivel-y,

l- is'the i;hickness of ì;he cell,'in centjmeters and k, a constant

called the extinc'i;ion coefficient. K is 'i;he reciprocat of the

thickness, measured in centirneters, through luhich the light rnust

travel to reduce the i:rtensi'r,y of the light to 1/f0 its initiat

value

Iï Beerrs Lav¡ -- this staies that the fraction of light which is

absorbed is directly proportionar to the nurnber of absorbing mole-

cules through which the light passes,

ï = T. ,* 
-*i'

rvhereT=[, I are the same as above, c is the ¡rolar concentration

and €- is the molecul-ar exLi:rction coefficient. Ë" i-s the value of

1og# when the concentration of the sol-ution is I molar, and the
I

ceII length is I cm.

The Ì;eri:a, optical density D, is used to designate

1og-^$ :Ð': ele'
!\''-l-

It is 'i,he logarithm of the ratio of the i:rtensities of the in-

cid.ent to e¡n-lì;ted light. fn deterrnining an absorption spectrum one

measures the optical- densities of the solution at various wavelengths.
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For a given I, D is proportional to the concentration oí the

sol-ution. A li:rear relation between c and D exis-r,s íor mosj: com-

pounds a't l-ow concentrations -- absence of linearity is usuarly

attributed to a change in i;he moleculai. species Ði"esent.

For a knov¡n concentration of solute c, and a given lengilr I,

tlre optical densiiies tneasured over a range of '.^¡avelengths descrj-be

a curve characteris-r,ic of the solute. This curve, its shape and

maxi¡un Í:rtensity, is a cons'Lant of the solute, and is lmoun as

its absorption curüe.

The ins'bru,nent used is a Flitger Quartz l.'l,onochroma.tor, of the

constant deviation type. Fig. r gives a schernatic diagran of the

optics of the system; Fig. rr thai; of the eleciric eircrút of ilre
photoelectric cellls. The electric circuit was developed by E.

cariu-right of the Manit,oba cancer Foundatj-on. The slit r,ridths

rrrere J x 10-3 i:rches. This allolis i;he resolulion oí mercur¡r li-nes

differing by ó Ro at 32oo ao (3trz5o cm-I). The wave numbers are

set by a calibrated dru:n, each wave nu¡nber befurg focussecJ- by

lenses L1 and L2.

The instrumentrs calibration r.ras checked by measuring a

standard solution of poÌ;assiu¡a chrornate. The peak positions, and.

the respective exLinction coefficients were conpared r,rrith those

published by T. R. Hogness (15). The s¡na11 differenceof_ 3/"

,maf 
attriþuled to òur,.u-se.of a o,uarLz plate compensator.

The procedure for measuri_ng üre opl,ical_ clensity is this:
i'Iith the nicol prisms set 'r,o ma:dmum trans¡¡_ission, ihe light through
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a cell of pure solvent, is balanced r,rith the polaroid.

A cell conNaining the solute is ihen substituted. Balance is

restored by furning nicol prism Na. The angle through r^¡hich

the prism j-s turned gives a measure of the decrease in j:r-

tensity caused by the absorbance of the solution. The relation

betr.¡een lhe angle and the light intensiti"" -L.. an¿ Ï for

use in the equation n- = iog &. is found as fo1loi¡,¡s:
J*

þ balancing the solvent r.:'ith the po-lar.oid., T* has been

made equat t" t; 

= t_,:,; 
* *.

l.¡here -*;- is the ang;]-e of rotation

then r Ï- l-- i 'S = io1 +. ; tc.l -* 4 l.,t sec#
i I .t c.of# C

The proced-u-re is repeated at regular. small intervals of

v,¡ave nunrbers oveT' i,he r¡¡ho1e range i;o be investigated. This is

from 48ooo cn-I i;o 2oooo "*-r. At reast tr^renty poi¡ts are used

to describe an absorption curve.
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The ketosteroids used for spectroscopy r"rere donated by the Ciba

Fotmd.ation arid 'bhe Ìuledical- Research Council, England, Steroid il-eference

Collection. They r"rere used as received r.rithout further purification"

Their absorption spectra i¡r ethanol agreed l'rii;h literature values

lvhich attested their purity.

The sulpiruric acids, Analar, furning, and l-00É are the same as

those used. i¡r Section A. Tine 70% perchloric reagent r.ras purcl-iased

from British Drug l{ouses

The reagent used in test5lg for S02 hras prepared and used

according to the mel,hod of Grant (2).

5.5 nI. Analar su-lphuric acid uere addecl to l-I? nI. of dis-

tilled r'rrater. To this were ad.ded 2 ml. of a 4i/" solution of fu-chsine

(from British Drug Houses) in ethanol. 4 rnl.. of this reagent are

used r.^rith 1m1. of test solution in a determi-nalion.

Siock solutions of lçe-r,osteroids of lmomr concentrations,

rangilg from 100 ,x,t gms o -- 200 

"_*ems. 
per millileter r.rere made up by

dissolvi-ng a l'reighed quantity of steroj-d ix J-00 lnl. ethanol. The

solutions r'iere }<ept in groi:nd glass stoppered volu¡retric flaslis.

To prepare the steroid for so'lution in acidra quantîty of ethanol

solution r'ras rneasured intc a tesi; tube with an 0.2 rnI" pipette and

dried- j¡ a boiling i.ater baih íor one hour. To ascertain that no

steroid is lost in this process, tr.¡o tests lrere performed:

(a) The alcohol solution l^Ías dried in a¡r oven ai 5OoC over a

period of ti,,ro days. The optical densities of 1,he spectra of the s'i;eroid.,

dissolved in ¿na1ar mder identical conditions, but dried i¡ the tv¡o
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different \"rays, t¡ere ideni;ical.

(¡) The steroid was d.ried in the boiling i.,rater bath and then

redissolved in ihe originaJ- r¡olume of ethanol. The optical densities

of tÌre i¡ritial and redissolvecl solu-tions l.¡ere the salile.

The reaction betr,¡een suJ-phuric acid and the ketosteroj-ds v¡as

observed at two ternperatures (a) room ternperature 2Lto - 25oC.

ana (b) the temperature of boil-ing reter at atmospheric pressure -

apprci--dmately IO0oç. For the room temperature reactions, the steroids

v¡ere dissolved i¡r the acid, kept forl,he required length of time; 10

minutes, 1, 2, 3, 4, 7 days j:r a silica desiccator, put into ihe

absorption cell, and the spectrurn measured.

For the 100oC. r.eaciion, ihe steroid.s vrere dissolved in the

acid, the solution i¡ru*nersed j-n a boiling r¡ater bath for the required

length of ti-ne, 31 51 10, 15 ¡nlnutes, cooled i¡t an ice bal,h, the absorp-

tion cells then filled, and the spectrurn measured. The procedure was

identical for all three acid.s - Anala.r, IQO/", ancl funring sulphuric acid..

In the study of the reaction between 70% perchloric acid and

steroid it r^ras only d.esired ùo knov¡ the peak position of absorption

curve and not tl're eciuilibrium value of the optical density. Hence the

spectrum r^,¡as ru¡ one half hour afier solution at room ter,rperature.

To lmoin¡ rn¡hether the test developed by, Grant (Z) for SO2 vrouJ-d

be applicable in a med.ium as highly acid.ic as concentrated sulphrric

acid, tes'Us r,\r-ere carri ed out to estirnate the lfuit of detection of S0r.

Sulphuric dioxj.de, prepared bJ'adding dilute H2S04t,o I{a2S03, r,.,¡as bubbl-ed

into r^rater, Analar, 100/" H2S0d: aJrcÌ fuming H2SO4. The ul-traviolet

spectrum of the soluii-ons was taken. From the molecular extinction

coeffÍcients for S0, in these meclia, published by V" Cof¿ (1ó) the
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ABSOR,PTION Ì'Í\XT'.[A .\IHJI'I' Ì{OTO,ST]JROIDS AP,II DISSOL\ÆD IN SULPHUIIIO ACID ,SOLVi]I..]TS A,
grJÍ_0_Lrut-_--- srurÌotp c0Ncrlt'irFJ!rrq\r_Lq3j,,{,__!EE Jg,-r__q.¿çr!-ÐLJljlT:-_

Acid

5t AI'IDR0ST}\I\IB - 3, L7 clione

A 328 "2t+5 .560
B 33O ,l.22 .ó5S
c 350 ./¡01 .706

AäDiìOS1'.{ÀIE - 3, 17 clione

A 328 ,230 .520
B 328 "275 .579
c 345 + 350 .370 .6lt

4,UgilltoSl'¿'¡ ll - 3, 1? dione

A 335 .573 .got+
B 335 .6t2 1.008
c 335 "B0Bc 355 ,76L

oPTrcÁ.L D,ji'isrTrEs 24oc - 26oC.

TÍ-ne in iJays
12

n.,^lÌt^ñmìrtì^111:r1-:J l.UJ I¡r-LUli]J

... aa tr,\ )))
r1 )))
c 335

350

.556 .610

.679 .695

.926 .926

.527 .54t+

.591+ .608

.826 .B7g

Q))a /þtuI.O3z L,o77

.(lo

.836 .gr5
I.030

":952
.800

AI']D OPTTC,AJ, IJ¡]IVSITIES OF TTIB

9B7d (i\II;rL.ilì,); B, LOOfii

PRiËN.|].ÀIIIDIOI\]E

. oJ_o

.1ê4
,'j20

U. ì,ibi(.
crn-I >r lO-

À
B
B

OPTICÀL lllll\TSITL',S gBoC - ggoT.

c 355

PlìOGEST]JRI]}.I¡J

A 3Lr5 -¡335
B 3l+5 -"r 335
C 3Lt5 -;355

DBHTDROCHOTÏC ACID

A 3L2
B 3I5
c 352

1ôc)) t-o

335
335 þ 3h5

^aI. /J+
L.252 L.26L

.862 .955

[:t-7 Ò
o)(Q

.6aü

.872

320
320

.924
1'091

.\^ I .\^/øo14 oó¿O

Time i:r Ìriin.
J _J___.p__--,!5

))u
)))
355

.00

.050

.190

.020

.3L2

.OYI

.230

.275

.370

335
335
aa Í)))
358

.966
1.1ó1

.962

.5te6 ,552 .629
,63r ,76o "sr6.77O ,884 .926

^.'d 
I a!a\.1'ió c 4ÒÒ.r3o "5oB

.330

Àn arrov¡ - indÍcates a

"5r18

.980

.o55

.4I1

"968

,573
.642
.BOB

.506 .532 "57s.662 .ZO$ .73t+

.757 .793 .792

335
335
335
355

.00

.UU

.39r

.5O2 .56t

.590 .610
/ñt /.t"õ.o (4 . oÕJ

.010

.o97
L.267

.956 .972 .g32
1.081 L.O42 1.01r

.Bs6 . go8 ,g6h

.8e
1.031

.952

progressive shift of the absorptì-on

.o27
.-Lbb

L.3l+2

.120

.Lr5o

1.008

1.040 L.059 L,O77
1.145 1.104 L.O2+

.981 1.080 1.101

a/)È.

325
3Lþ5

355

.620
,630
.?ot

.265

,24L .378 .lrl+9

"525 .
.ó48 .675

.190 .965 1.003 .gg8

,OLt9
2d1

L.333

e2tr

335
358

nzximu¡l cluring i;he

3L2
325 +3L5

a. Kn

.298

.130

.330

.5Bg .596
n¡/.(¿o

,598 .700

.00

.00
,39r

period und.er study.

.638 .6t+8

"776 .77O
.800 .s02

"268 "372 "1196.B4o .887 .957
1.4l.0 l./+r /r L.L75



TÀBLir rrr_(b)

..:.:........'':...

,{BS0P,PTI0irl CH;ïiìÀCTXRISTICS IN ËTti,i}üOL &
PJJRCI{LOFìIC ACTD A'î ROOI{ Tlli"PiiR]\I]UE,i!

ffiS
, i. t
)-Tt.qt:t1./ cc in:-: x 102

$JAndrostanedione 2O9

Fregnaned.ione

Progesterone

Testosterone

Progesterone

Ethanol

il

il

Perchloric acid

t¡il

r8g

g 
"69

10

II"b

bL6

t+6

3LL5

.6U

"sóz

.56r

ã'¿ Androstaned.ione ]to.g

TABI.I] IV
ABSOF"PTION CÏI,\RI,iCTERISTI CS AT TUILIBIìIUÏ"Í

IN 98q ACID AT IOOOC.

Optical
Substance Peal< Position Ðensítv

., . - ___ n>¡xrcz rcgt/n¡_
z'\ ,:í.'r'Androstane J, 1'l dione A

-Androstane 3, 17 dione B

¡'-A.ndrostene J¡ f7 dione C

Testosterone

Progesterone

Pregnanedione

Deh¡rdrochoEc Acid G

328

325 + 328

t))

335

335

325

)14

6,75

6.r2

10.05

LO.75

o"Jo

l+.75

5.28

TABLE V
ÂBSORPTIOI{ CHi\ir,A C TEI:;LST I CS

II'I FUI,T]iIG J\CIÌ] i\'I
JiT ¡Ï¿UILIBRTUiVI
1OOOC.

Opticalr"o"rq""" r"$j"ïiä?" 
_ TãËÉ.,,:T

6l;Arrd"o"tane J¡ 17 cÌione A

Androsta^ne 3, 17 ciione B

¡J¿nO-rostene 3: t7 dione C

Testosierone

Progesterone

Pregnanedione

355

355

36o

36o

36o

355

10.00'

8.51

l-1.02

12.08

9 "l+O

10.40

DelÐ¡drocholic Acid G 35O L5 "JL



37-

concentrations of our solu-tions v¡ere calculated. They luere subse-

quently diluted: till they ccntaj¡red. approxÍmately 1.J,. j;filïIS./rr.f" Then

to I m1-. of the solution, sitting in an ice bath, t¡as added /¡. nl. of

the reagent, preparecl as above. After 5 minutes, tire visible spectrum

l',¡as measured. In the presence of S02 the reagent turns deep red.

Sometjmes, this red colour Tnay be hid.den from the hurnan eye by the

yellol.l-ish bror^¡n colour of ihe reagent. Hortever the sensítive photo-

eiectric spectrophotorneter can d.etect a conceniraii-on of 0.5 ,¡, 8m./ce.

Al-1 dataare tabulated in Table III.
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DISCUSSION

The absorption specLra of the l<etosteroids shed considerable

light not only on the reaction occurri-ng in solution but a'j so on the

nature of the nucleus. By a systenatic variation of struciure in the

steroid, one can relaì;e changes in the absorption spectrum j-n a given

solvent to the cliffernnce in structure. By a systematic change of the

sulphuric acid solvent one can rel-ate the change in spectrum to the

ionic species present.

The ketosteroids studied and their structures are shor",n in

FigurelItr. They r$ere so chosen that they had in co¡1uron ilre follorring

features: (a) the steroid. nucl-eus and (¡) trre c3 ke'bo group. since

the nucreus itself does not absorb in this region of the u.v. the

similarj-ty be'blueen the ke'r,osteroids musi; be ati"ributed to the coümon

c3 keto group. Any differences betr.,reen 'bhe spectra in a given sul-

phuric acid l^¡ill probably be due to structure clifferences i.e. the

occurrence of a double bond, and the group attacÌ:ed ai the C17 position.

THIJ ÀLCOHOL SPECTIÙi

FigurelV inclicat,es the typical spectra

alcohol. Testosterone is characteris'r,ic of the

pregnanedione, of ihe saturated ones,

The absorption peak at LL6 z l& 
"r-1

resri-lting from the resonance.

of the ketosteroids in

conjugated ketones,

isprobablyaKband

U

The r"¡eak R band. ruhich Braude (7) sugsests exists for conjugated
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ketones aL 34o x 102 
"r-r hr" noi; been observed, possibly because of

the low. concentration used.

Pregnanedione, bej:rg satnrated, is not e:çected to prociuce a

K band and none is observed.. The R band, despite the greater concen-

tration, ancl the fact that ther-e is a cp keto group arso present,

still has not appeared. If a'b higher concentrations it were to appear,

it r¡oul-d be due to an N 

-> 
V transition such as.

ç*'

The experjmental value for the optical density of 1oe:r1;ny'rn1.

testosterone in ethanol is 6.3tr. The value published in the 1iteratr:re

Ís 5.94 (5). The difference may be attributed to i,he emor in weighing

the 20 mgm. sample for;thb stock s'olrlt,ionr anci use ór' e qu"".rtz compensator.

]TCETIC ACID SPJ]CTRA

It was thought desirable to measure the absorption spectrcu of
the ketosteroids i¡r acetic acid. Horrever, because of the consj-derable

absorption of this solvent beyond /¡oo x 102 cm-l, it was impossible to
do so. No peaks exi-sted for any steroicls loelor,¡ 400 x lo2 cn-I. This

indicates thaì;, probably, the steroids in alcohol and in acet.i c acid

exist in the same form.

TTIE ANALì.R SPEC1RÂ

./\,/+l Iû/v\fl-

Exbensive u'ork has been conduc'bed on the reacti_ons of

and sulphurj-c acid, (IZ), (re), (2o1, (zr¡. It is generatly

that the interaction is one of simple protonatÍon.

ketones

accepted
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\
C=c + H¿stq

-^*./tl
of ),-ñr{ t"{s64

Hs#;
\-+
¿aort 

+

Si.milarlyo exhaustive stu$r on the interaction of olefins r,rith

sulphuric acid has been revier,^red by Gillespie (17), ancl inclicates that

the funda:nental reaction is one of alþlbisulphate fornation

\ ./ H"

,.t = {- H.rsÐ4 --+ } -- cf
'HS04

Hor'rever there i s no reference in the literature on the reacti-ons

of policyclic non-aromatic conjugated ketones in sulphu::i-c acid., nor

the products that are likely to be formed. The possibilities ar-e these:

(.) simple protonation of the ketone

-ræ,+ H,$**

(") ad.diti-on to the UUrrOt" bond and protonation

-/\-/
-l- -l t Hrsû4

t/¿v\ *o,üíæ"Ç'í=":l[
tt i!so4 Ê"t' risû* tt' tts%

+ HSra

(¿) protonation ancl

^n(X * tt¿ì*¡v"e

-.-CF* H'-sr+

then addition to the double bond

?ü:ç#? L-***,
,ç[+HC'¡l
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/\(e) simultaneous addition to both

Since the lii;erature. i¡rdicates so sirongly that protonation

occurs, it is urrliJ<ely that reaction (b) alone proceecls. Furtìrer,

since olefins are knor"m to react quickly rn¡ith sulphuric acÍd, reacti on

(") n*y be assumed not to proceed alone. This leaves mechanism (c),

(O), and (e). 0n basis of evidence i¡r this i'¡orl, (") is believed to be

the reaction scheme for unsaturated ketones. The satura'bed ke'bones are

sÍmply protonated.

Tabl-e IV i:rdicates the peak positions and the opi,ical densities

(t5 min. lOOoC) calculafed for a concentration of 100'*,¡nlm1. Fig. V
-/ tl

and VI, Fig. VII and Vllþrepresent t¡rpical speci;ra of saturated and
;

conjugated ketones

Considering peak'position and j¡ltensity on1y, it is seen that;

1. A major shift of peak from the alcohol has occurred. This r^¡as

e,-çected. in vier^r of bhe fact tha'b the absorbi-ng species in nor.r charged,

and tire I{ band of the alcohol specinun vanishes in the nerv charge

resonarrce s;oeetrum. Braud.e (?) states that the introduc'bi-on of a

charge from oubside r¡¡ill make a radical dj,fference in the observed

specÌ;rm. Dev¡ar (19) renlarks that solvents of high dielectric con-

stant r.¡ill cause peaks to shift to lol,¡er loravelengths.

2. The saturated icetones absorb in the sulphuric acid.. This is d.ue to

the proionated ketonic group. For conrpounds A ar:d B, the optical

density is qrdte high, **t'r"r"uJr?åtinpound-s I' and G, ii: 1s lolv. Si¡rce the
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rnol-ecuJ.e is so }arge, all the ketonic groups sirould be abie to be

protonated. This ',',puld mean that G, with three ketonic groups should

have the highest optical density. The discrepancies observed. r¡ust be

due to electronic effects, since protonaÌ;ion reactions are not steri-

calIy hindered.

It is seen that the saturated lcetones absorb at a lower

frequency than the conjugabed ones. Since the only difference betr'reen

the two is the eihylenic bond, either as such or opened, i.e. %SO¿

havi::g added on, the difference in peak raust be attribui,ed to this.

Viewing the structures, these possibili'bies exist

-./-.¿ ./\ / ./x.¿ /"\,/
tuy 
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electrons to itself, ancl hind.er resonanóe. (iii) v¡oulcl be expected

to give a substantially @-f,fer.ent absorption curve from either (i),

(ii¡, or that of the saturated. ketones, because the absorbing centers

are different. Since no such dífference is observed, possibilities (i)
- /.. \and l-ai-/ renal-n.

To distinguish between the tl.ro, \.¡e exanjne the spectra of the

conjugated ketones. There is no indication that these had an initial

peak aL 325 x LOZ cn-l r.¡hich gradual-ly shifts Io 335 x 102 
"r-1. There-

fore one mus'b conclude that the reaetion occwring at the double bond

is very rapid, and that at the ketone group, rate controlling. Thus

(i) ¡nust be the mechanisn.

3 " The conjugated ketones, C, D, E, have higher optical densities

ì,han i;he corresponding saturated ones.ide postu'ìate that the increase j-n

optical density is'a measure of an increased nurnber of absorbing mole-

cules. Sj¡rce absorption at this frequency is attributed to the proto-

nated. keto group, ii r.iould seern that the presence of the HSO4 at, C,

has enhanced the basicity of the c3 keto. Tliis effect is not random

--- the ratio of the optical densii;ies of the compoirnds C/¡ unaLlf
are of the sane order of magnii;ude, respectively 1.48 and I.34 ---
and may be a'biribuied to the el ec'i;ron-wi'r,hdrairl:rg porv-er of the HSOO_

group.

Idithin the conjugated series, C, D, and Il, differences j_n

optical density occur. These molecu-l-es are identical j-n all respects

except the substituent group at Crr. Dispari'cj-es betr.rreen the compounds

are at'bributed to thj-s. Conpounds C and D, l.ri-th small- polar grou-ps at
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9t7 h.vu higher densities than E i^¡hich has the bigger C0CI{3 substi-

tuent. This difference in derasity due to the group attached aL C*

is constant for both saturated, and conjugated ketones --ra'i,io of

density o/, 
= L.42 anò.'/" = 1.50.

This optical density variation for both conjugated and satr:r-

ated ketones may be explained by tr,'to possibílities;

(f) Protonation occurs at atl ketonic groups and. the steroid nucleus

acts as an insulator for the charges. Tire ratios represent, in this

case, the relaÌ;ive exLent oí the protonation at the C17 and Crg ket,o

groups. However it would be expected that dehydrocholic acid v.rii,h J

keto groups luould have a nruch higher densitlr than it has. The srrall

difÍerenee beti.¡een C and D night be attributed to the greaier ease

with whicÌr the 0H is protonatedand is removed as water.

(Z) The steroid nucleus is not an insu-lator, and. reactions at given

positions exert elecironic influence upon reactions at others. If a

resonance axis exists through the steroid nucleus, then 1t is easity

seen tha'L (a) ttSO, group attached al C5 and outside the resonant

systern could. cause a pealc shift to the U.V. side (b) compounds A, B,

C, and D, which I'rave the second protonated group in the axis nright

resonate ancl distribute the charge over the rrrhole system. Compounds

E an<l F, r^ihich have the second protonated group, C2g, outside this

axis, cannot dis'r,r'ibu-r,e this charge, and r¡ou1d not be protonated as

exbensively. Compound G, r.rith three keto groups, raight be expected
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to have a very high density if all groups were proÌ,onated. Hor^rever,

it is very unlikely that even a resonance axis in as large a molecule

as the steroid, could stabil-ize three positive charges. The observed

optical density reflects 'bhe exfent of Ì;Ìris protonation, ancl the effect

of greater proxireity between the ketonic groups as compaï.ed. to com-

pounds l,rith C^ and C- - or C^^ k. ) and C' or CrO ketones.

Further evideirce for the existence of such an axis is founcl

j¡ the rates of the reaction. Fig. vIIr, md rx inclicate the rates

trith wÌrich equilibrium values of optical densities are established,

since the peak posii;i-ons at both room ter¡oerature and loooc, are the

same, one may conclude that the sarle reaciion is occurring. rt is
seen, Fig. vïrr, thai 'r,he conjugated ketones estabrish equiribrium

rapidly, the saturated ketones, .ri and B, Fig. rx (a), a rittle l_ess

rapidly, and cor:apowrds F an,J G, Fig. IX (b), quite slovrly. From

this one must d.educe that when there is present on the steroid nucl-eus

tl'ro positions on v¡hich a charge may be deposited, an¿ also an electron

withdrawing substituent aL c5t the rate i-s very rapid. I,flren the c,
substi'buent is absent, but there are stil-l present ihe tr.¡o keto groups

al c3 and c17, the rate is still quite rapid. ldhen neiilrer ilre crr

nor -bhe C17 are present, the rate is very slow. It is interestilg to
note the compound F attains eqrrilibrium at approxi-mateI¡r lþe same rate

as A.

These arggments i¡ldi-eate that there rrust exj-st electronic

effects across the steroid nucleus. Dr. J. H. Linford (5) tras pro-

posed the existence oÍ an axls t,hrough l.¡lúch resonance effects can

act.
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TIIB SPFCTRA II{ FUÌ'trI{G SULPI{IJÏ,IC ¡.CID

In sec'i;ion .4. of ihis v¡ork it luas indicaied that -i;he ionic

species present in fuming sulphuric acid are

+
2 H)S)Ory -ç=-+ HrSOr -F HSoOry.þÞ¡)4 1(

Gillespie (4) fras pointed out thai H)S)Oa in su-lphuric acid is a
*Þl

weak acid, its ionization constant

Ka = [F, F-U = .o2o Gm. mot-2kg-l

[Hrsror]

Si:rce the concentration of steroid. usecl is approximately IO-5 molarr

'l;he ionic concentration surrounding it is relatively large. The

reactions believed" to occur l',rith the ketosteroid.s are

_+
so+.1

-/\.¿
,"\O\

+þÌrû4 *.4K_ Ì-rþ- r"m f Htr;

+ rraäe? -%"päÌ,rl#-5-&*+ Hbo;

-*ry+*åsi *KX**dffiX ï#X +F{*ø

The initiai reaction must be proLona',"ion. This is indicated

in Fig. X r'rhere the peak position, and shape of the curve, measured

10 ¡ninutes after solution had been effected at room i;enperature, lras

ideni:ical wÍth that of ,A.nalar. The pr"esence of the initial- Analar
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spectrum r,'Ías observed for conjugated ketones only.

As may be erçected, the nucleophilic displacement reaction

occnrring at C3 is irreversible. This r,¡as shown by the sl-orrr addition

of r,rater to the fumirrg acid solution. The only effect observed was

one of dilution -- the optical density decreased in rnagnitude v¡ith

increased quantities of rvater, but neither the peak position nor the

shape of the curve reverted to the Analar.

Table #, inclicates tire peak positions of ihe ketosteroid.s, and

their optical densities (f¡ nrin. lOOoC) calculated for LOO4'únú- funLing

H2S04. Fig. X and ){I, Fig. XII and XIII, represent the absorption

spectra for conjugated and saturated ke'r,ones respeci:ively. I'1, is

seen that:

(f) There has been a general shift tor.¡ard.s the U.V. The ner.r peak

position ís attributed to the carbonir¡m ion wit,h ihe ffiZOT group

ati;ached to it. Fieser (f3) nas stated that the U.V. absorption

posi'r,ions of steroids are affected by substituent groups near or at

the absorbing center, The observed shift r.,¡as not only expected but

its direction could be predicted in view of the Analar resulÌ;s. Here

it l,es formd that the presence of an opened double bond, l^¡ith t,he

HSO4 Broup 2 carbons avray from the absorbing carbonir¡n ion caused. a

shift of peak tol.¡ard-s Ì;he U.V. I{ence, in fuming acid r,yhere 'r,he sub-

stituent is directly attached to the carbonium ion there shou-td be an

even larger shift.

(Z) A slight difference in peak position exj-sts between conjugated

and saturated double bonds. This is a'ctributed to the opened doi-rble

bond.
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3) Steric effects are exhibited by the reaction. Compound B, whose

r-ìng configuraiion i-s such as to hi:rder the approach of the enteri.ng

group has a lower density than A. Sim:ilarly compowrds E and F show

tlrat the presence of ihe substituent group at C, hinders the reaction.

(+) The presence of the initial -A.nalar spectnrn for the conjugated

ketones may be interpreted thus. It was sho',^,'t-r that 'bhe conjugated

ketones attain equi.librium in Analar much more quickly bhan the

saturated ones. The same may be expeci;ed in frining H2S04 . Hence

for conjugated l<etones the i'ate controlling process is the nucleo-

philic attack by HS2O7: r.¡]rile for the saturated it is the protona-

'r,ion reaction.
/ -\(5) ïn general the reaction in funing H2S04 is more complex than in

Analar. Since tl're first part of the reacti-on is the sa¡ne as in /tnalar

l"he electroni-c factors discussed for this 'lrÍ'll be applicable here.

SuperÍmposed upon these ¡'¡ill be the nerv electronic and steri-c effects

related to the nucleophilic aitack. At this time it r^¡ould be quite
i,difficul-'r, to isolaì;e these.
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THE SPEC'IRA I]{ lOO% ACTq

Tn LOA% acid v¡e have presented

from the sel-f dissociation of sulphuric

the four ionÍc species resulting

acl-cl.

HSO,
4

t7s2o7

+

+

(r)

(z)

zlzso. - + rbrd
2H^SO, #- H-O'Í-

lLl',

The mi¡j-num ionic concentration that can be present in sulphuric acid

is .01+3 molal. The steroid concentrations are r¡ell belor.¡ this, thus

they are the liniting factors of the reactj-on.

Since all the ions present in funring.acid and j:r Analar are

present in 100ø acid, both paren'b reactions rlay be expecied to pro-

ceed.

At room temperature, Fig. XIV, XV, and XVI i¡rdicate that it

is chiefry the Analar reaction which is occurring. Hol.¡ever at rOooc

the fu¡ring acid reaction must become consequential. This is best

seen j-n Fig. XVff, and j:r the decreasing riagnitude of the 320 cm-l

peak of nig" Ð((b). That this is so for compomd C of Fig. XV, can

be seen by the fact thai; Lhe 335 cm-l peak value decreases r^¡ith ti¡re.

The appearance of a small peak at 360 cm-l could be hid.den by the curve.

An attempt to analyze the curves of Fig. )f,I, and Fig. XVII into

the tltro constituent curves of the Analar reaction and 'r,Ìre furaing

reaction lvas unsuccessful. A possible reason for this may be that it
is not necessarily the rpuret constituent curves thai exist.
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lLd

1tr\I "vì

ø-¿

+ * l{"5"Ür' -]jÁ,o1 t *s**-

lll'>/Þ
$ H30r

H*ü

+ I HaSÅû?' 
il+èst4,

--+, l-Y --> l-f * Haû

'{f"o>-*Ð q-t'Rq
Compounds (i) an¿ (ii) v¡oulcl not necessarily have the same

fri@probabi1ityfactor'oreventhesameabsorptionpeak.

Similarly the reason for the increased d.ensity may be resolved into

two componen-r,s:

(*) the presence of the four ions and their effect upon protonation.

(¡) the exbent of the fr:rdng acid react'ìon ancl its effect upon the

density on the absorption curve.

Fig. IX(b) indicates that ín LOO'/. su11:huric acid, the rate of proto'

nation has been i¡creased su-bstantially over the Analar rate. 
,This.T

rnay be due to the greai;er proton donating capacity of the BS04 ion.

The conjugated ketones evidence snal'ì differences in rate, shol,ring
++

that (a) tney are protonated equall¡' easily by either H3SO4 or HrO

ana (b) i;heir reaction is more rapid '¿han that of the non-conju-gated

systern.

SUPPOF.TING EVIDETJCE

I. To support the prenise thai protonation occurs, another strong

protonating reagent, 7O,% perchloric acid, v¡as used.. Fig. XruII indi-

cates the spec'bra of a conjugated and non-conjugated ketone, after

being dissolved in the acid for 10 nrinutes at room temperature. The
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curve for the saturated ketone is s jmilar in shap" *.n peal; position

to that in Analar. The curve for the conjugated ketone is similar i¡r

shape but it is inte::esting to note tha'r, her.e the peak position has

shifted 10'ç"¡ave nr¡nbers to tire U.V. In vielr of the presence of the

double bond, and the probable reaction of the acid r.¡rth it, a shift
j¡ the observed direction may be ezçected.

The curves in general confirn the chief reaction io be pro-

tonation of the ketonic groups. If such weie not ihe case, it is

highl-y unlikely 'Lhat the spectra r¡ou.l-d be so si.¡nilar.

ü The¡'e exists another possibility -- and this is that oxidation

occurs in sulphuri c acidr and that the spectra vue are neasï¡ring are

those of the fragments.

0n1y in the most fortuitous of circu¡nstances would the

specfruro of several fragments give an uJ-traviol-et spectrum with a

single peak. If o:-jdation v¡ere to occu-ç one of the fragments wou-ld

probably be sulphur Cioxide. The presence of tÌris compound. rn¡as j¡-

vesiigated through the use of the delicate test first proposed by

Steigman, and laier nrodified by Grant (2). If SO2 is present in

solution, a deep red colour develops in the presence of the reagent.

Though Grantrs vrork was done chiefly in rir-ild.ly alÌçaline or acid

solutions, the test is sensitj-ve even in very strong acids.

Fig. XIX shows the U.V. curve of an SO, solution i:: 100Ø

sulphuri-c acid. The second curve is tha-t, of the reagent ancl a

sol-ution of 1. 5qq¡n'n:i- . SO2 irr lOOØ acid. The peak at 285 x l-O2cm-l.¡-
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is due to the i'eagent iiself, that at 1s2 x ro2 cm-l to the so,

present, ïi; is evident that a concentration one harf of i;hat use,l

would produce a detectable peak.

Fig. v.(a) in¿:-cates the specirum of the pure reagent, and

that of 100Ø acid in the reagent.

Frg. )0{(b) j¡rdicates the spectru¡n of conjugated and satura-bed

ketones, boired in sulphuric acid for ten rn-inutes, and then adding

the reagent. Obvious'ly there is no so, present. The boil_ing d.oes

not eject any dissolved S0r: since the spec'r,ra rùere identieal whether

the sieroid r"¡as dissolved at room temperature or at l-oooc.

The test for s0, was perfor¡ned both hct and colcÌ, in Analar

iri fum:-ng sulphuric acid. At no time v,¡as there any evidence i;hå,1

rvas present.

The molal exbinction coefficient of so, in sulphuric acid,

rnrhether Anarar or fuming, is of the ord.er of {oo, that of the steroids

is approxirnately I x ro4. ri; is seen that a substantial amount of
S02 would be requi-red to affect the absorption curve of the steroids.

The concentrations of sieroid usecl 1.¡ere, approximafsfy

3 x Lo-5 morar. The limit of sensitivity of the so, t,est is t x l-o-5

molar concentration of sOr. Thus Íf any o:ddation, or fragrnentation

of the steroid- had occurred., it r^rould have been d.etected.

^'^^té11(l

soz
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COTTCLUSIOi'iS

lr ) ïre absorption spectra oí the kefo sieroids e>.;arÉned j¡r

suJ-phuric acicÌ of various s-r,rengths have beeir recoi'ded. ,in

explanation for the reactions occurring was advanced. This ex-

planation invol-ves a rate coni;rol-1i:rg protonation reaction,

aithough i:r Ì:he case of sÍ-nple ¡.rofecul-es, proton transfers from

one o]Ðrgen to another are usual ly so rapid that the rate cannot

be ¡neasured. lloirever, -r,his t¡as the simples.c mechanism and r"¡as

deduced frora the following considerations:

(1, The absence of SOa indicaÌ;es tha'b the

being oxidized. The specirurn v¡i'bh one si:np'le

that there is a single absorbing species, and

has occurued.

nLolecul-e is not

peak suggests

no fragrnentation

(ii¡ Und.er ihe conditions of the experi.'r:ent, sulphonati-on

of the sieroicl is not a likely reac'i;ion. A saturated systern

can be sulphonated only under. quite drastic conclitj-ons.

(iii) Protonation in a sirong acid is the most likely reaction.

Tne fact tha'u both perchloric a¡rd Analar sul-phuric acid give

similar spectra supports this. The sirnplest explanai;j_on for the

increase in optical density i,¡itÌr ti-ne and temperature is a time-

d.epenclent protonation reaction. There nray be other possibilities

as r'uell, i.e. a ra¡:id protonation follorued by a slol.¡ mol_ecular

rearrangement reaciion giving rise to a more stabie carboni_um

ion, a reaction involving the pentano ring, or a rate controlli¡g

loss of rt¡a'ber'. Clearl-y a solution io the probl_en r.¡oul_cl be the

isolation of the products. .A,n attempt was rnade here but r.ras un-

successful. I-lo'wever, it showed that the initiat reactani carurot

be recovered by the simple process oí neutrali zation r,.¡ith brj¡re and



Evidence has been advanced supporting the theory that a reso-

nance ariis exists in ì;he sieroid nucieus. It r¡oul-d be highly desirable

to measure the spectra of a large nu-nrber of ketosteroids with systei.,ra-

tically varied structures, and thus detect ihe poiúi;s on the nucleus

which are rnost reaciive. such knowledge rroulcr be of inesti_nable

value in relaling the ketosteroi d structure to its biologic activity.

54-

exbraction r,¡ith an organi-c solvent. This leads to a highly un-

saùurated compound dnose presence v¡as detected by a pr:ngent od.our

but r^/rrich coulcl not be isolatecl. There is no reason to believe that

this necessari-ly is the cornpound existing in concentratecl acicl.

Gillespie (fZ) i¡r¿icates 'Lhat the reaction between olefins and sul-

phuric acid though initially sirrrple addition, iarith time ancÌ clilution,

becomes comprex a:rd l-eads to highly wrsaturatecr cornpound.s.

(z)

0) The absorp'l"ion spectra can be related to the observed cryo-

scopic behavior. The spec'bra i-ndicate a single absorbjng species.

The cryoscopic behavior r.¡as at'bributed i;o the ability of the steroid

to rupture the structure of the solveni;. such rupture would have a

marked effect on the infrared spec-brum of the solvent, but little or

none on the ultraviolei. .4.n investigation of the infrared region

r,¡ould be prof itable.
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