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., -EADIoLYSTS OF ACETOPEECOtrE
p{Ef,oRoAcEf,oPEBtroM, p-mTRoAC:aI0pItEN0tI8, II^rUBB

op Ac8f,opHBllorE tllD BBnzopBEltoltE,
AltD PLUoREr{ONB tn BASrC OEO JTC IXD AQUEoUS

OIASEEE AT 77 f,.

SaqA t. frDall' anil o. gcholq!

ABSTRACT

Th. tpurslctrt rDcclo! aomcd itirltlg tJrc d -tcdfoilytlt ol
ac.toDhrlloDo and r Dlrtula of.cltoDh.notro rd bcDroDhaaoa. lr| balio
aqueou6 anat ot8antc gla8ic! !t 7io E rc!r6 studlcd srcctrolcoDtctltJr
snd founo to Dc .b!orb!d .t 4fO-!45 !tli. 

^nothcr 
absotTtlon l! fourd

to bo locat.at .t ,8O D! (1.[ ba6tc organtc g1s6a) ,hr.ch tE rlrlgnca
to thG O- ailaluct to acctophcDotc. Add.cA acctonc hr! no erlcct ,or
thc cleotroa tlansfr! to ac"toDhclonc ,hl1c lt 1! Gffcctlv! rltJr
bcqzoDheDoac. thc .Icctlorr rttlcheDont l! fouDtt to bc dur to tha
t!i.!af.! betractr ,,soDlopsnol raalLcal, anLon lnal aoctoDhcnonc 1n thr
caac of p-chloro and p-nltlo ac.toDhenon thc fllrt 1! foudt to
behave 1llc sc.tophrnorc rhllc thg accoEA haa s alffclqnt Drhavlour.
alace lt forEa I qul,Eon. atluctun! ta baalc Daitr.u! glvtag ! ,h!!D
absorltton at 555 D! shtftcd to 55O nE ,hlch 1,6 uistablc Aocarga to
gle. tro abao.ptlons locat.a at !9O n! ana 525 qD. ?he 565 nn Lt
attllbut.d to tho radlcaL enlon lh.rc the ncgatlvc charg. la del,ocs-
Llreal. ?hG Blrtulc of acctophanonc audl benzophanonc Blvca aB
hallcatlon of cllctlon t!.a!rafs! b€tleen thoo. In thc fluolcnona

DepartEcat of Chcotatry. CoII.u"i,;;; i U, 
-;;;;;i':"rid:"'"" of sc lence' 

^r-xustan!1!{v'h
A1-liu6tanstrtysh .roulnet ot Sct6Dc., vof. 4 No. 2 (f979).
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ByBtco tro teak abso!tr,tlon at 441+ tu! ald 5OO tuo obtalDedl aDd attrl-

butcd to thG fluoreDoaa ladlr.cal anlon.

IIITRODI'CTION

Fri.oi pu18e raallolysl! lcsults of aquoug andl lsoproPanol

aotutloDs of acqtoPhcnoac' Adana ct a1 ff]and BecEett ct al t2]
rtcslrectlvcly founA aa absorptlon locatGd 6t lrfo-41r5 nE' ID thG

Irrcocncc of rcetoDo aad bcEophonono (Xlhen laalolyztDg acetophenone

llt laorrropsnot solutloa) fi, l] la"'" ct al' havc statcd that tn

eolutlon r llDplc thle€-atagc cL.ctlon tltanstcr rrcaacaao't oqcur vLa'

\=,, \:2
Acetole -lcctophcnono BeEzolhcnone

/
tn tba 1d -raalolva18 of ao(c olganlc gla6saa of fluoronorlo '

Elrota and wcfcaoana fl+] havc lrotlced a! abBorPtlols at l+4' ' and'

5oo nD at lot tcE!.raturca. McolellaBd f5l notfcea s Dalfot

ablonDtlon at 450 nn tlth a shoulder ov'rlapplng 1t at 5oO D!' ana

attllbutcd both to thc fluor.DoDe ladllcal EnloD' Hlrota anA wclls-

raa'I ffr] bqvc alao .tudled thc solv.nt, cqtlolg Preaent, aDd dilutloD

cff.ct on thlq radlcal anton. They found thst uslng fo' conccntia-

tlo! of thc Datcllal' oDly 6 sDall coDttrlbutlon troD the 450 nD

abso!9tlon tas obtalBea gtrd vlce ?araa.

EXPES IXEIiIAL

l) Xstcrlalo ! -
Potasslut! \ydoIldc !s of B.D.H. A,ralat'8radc uaed rlthout at\y

furthen Durlflcatton. IaoDroPanol ( tlof'kln and wlll1aD8) of

aDectlo6ol gradG bottl.al u,ldcr nltrog.n gas ta6 uacA llthout

furthe! pu!latcst1on. Lothanol and ac'tone (tlopkltl ana

Ivtlllals) a!'c of Ana16r 8raA. icrc ulGd rlthout a!'y fuPthor

〇
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pullflcatloD. Acctophelrotre strd !''-cblolo acctoph.Dore uatc

purlflcal by tro aucslsslve vacuuu dtstllhtloaa ln aa rt[o-
6ph.r!c o? itly nltrogcn lnto a atolagc bqlb attsebcd to r
vaclnu ll,nc and oDly thc ulitdlc ftractloDa of the dtstlllatcE
ronc rctalncd for usB. llttpous orlac (Brttl8h o:srgelr co.)
ras put'lfled o! a Vaculrlt thc by scycral thar rtlc.za-puDD

cyclea.

otho! lostorlels uacd lolc purLflca althcr by !ac!y!tal-
lisatlon or fractlonatloD. AlL aqueou6 solutloas r.rq
pr6par€d tn trlplc austlu6it rate!.

2) Ottrcr crl,.lltseltal aetalls slc glvrD tD a Dravlously !ub11-
shcd Darrcr Le, Z] .

RXSULTS AND DTSCUSSTON.

ACE|IOPEENO NE SYSTEtrII -
when eqctophelrolte (r.5 ud te r/-irradtatcd tn Za xOH

glaee at 77o K a broad aDdt tea.k absolpttoD at l+ro+l+5 llo ra!
obtataed aftc! thcfloally arureallng thc aaEplcs Ffg. (1 ) .
Ihls abgorptLon l6 asslgned to the acetolhenone ladlcal

aDloll folBeA by a1!6ct clacgton attach[ent to the acetopbenone
eoLeculc. fhr yteLd ploduct ls foural to be v.ry Lo, ihlch 1q
attrlbutcd to thc Lof, solublllty of tho Eatcrlal in 7U KOH

squeoua aolutloD. ?hls aboorptloa ls fourd. to consl.st of tro
absorytloDa Locateal at f3C ttn antt ,ur !o arA both ,crc .lllgDcat
to thc acetophenonc negatly. lon .r.nce tbcy folDclt ana dccaycil
togetbc!. the cl6ctron attachment ls ,.ttusttratcal bclor;

A)

PhcocHf + c;r
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Charlghg fioD glaBsy aqucous to ba6lc lsoplopalgl glsE€Jr

DedluE (0.1u - o.!x I(oH) at 77o K; a greator ylol.d at AAo-450 rur

F1g. (2) Ias obtslDed after trt'a(ltatto! *rlch ta6 hsrcaacdl !.n
lntenslty after anaeel. iDg the 8aDplc. llorcvcr, after thaeo

auccesslvc annoel lng6 tt!18 absolDtlon decqyed to glvc a .ne, tcal
abaolptlotr at J80 Ds, fhe !40-450 [E absotptlon cons!.sts of tro
baDits and ar6 aoElgaedi to the acetophenolc radical. anr,o! fo![eal
by aDlonlc clectroD tranafea floD thc 16olaopanol lsdlcal attton.

(crr)2 io- + c5x5o@Hf -7 ",rlAo- 
+ (cHl)2co ......... (2)

fhlE tran.f.r tate! pIac. at alounA i6oo tr. ttc aaslgrEent
of both absot'ptlon6 to thc saE. sp.clea is ba..at on thelr behavtoun.
Thoy are forEoA and decaycd BlDul.taneoualy. ThG 5gO nE qbgolptlon
rhlch la folDcd alullD8 th. aecay of thc 4qo-ll50 !e absolDtlon. Tho
cE(45o) valuc of ttte ac.tphqnone lait!.cal anlon tE 9.2 r 10, (oolc_
culea 1OO .*-1; ,I-1 Cr-l rhtch 16 about 6oven tlaea that obtah.d
La 7I I(OH g1aaae6.

Fori coDpalatiy. rcaeong 1o-1I acetophcDotc ,eB / -lrEadlqtcd
,.tr ba8lc lsoplopanol I aa and ln th. Brascnce of ecctole O.Z X qt
77 ( (Dose glvcn le !.3 x 1019 cv oi-1). o.Zf acctonc la Eufftctrnt
to acavcrgc a1!, tho .lcctrona. Aft.. thetlDal\r anDeallDS, oary vcry
rea.k absolpttoa at trlo-420 tl! raa obtatD.at FIe. (r) ,hfcb t! tho
saDo aB that obtalncA froD an laoproDAno!_aclto!. a!.steo (lD thc
abaeDcc of acctophaaona). Thls absotptr.on tB a6algDGA to th6 acctona
aegatlvc ton. FroD thl8 .rpcrlDent tt ta concl,uaeal tbet Euch .
taanaflr floD acatonc to acatophanoac ta not goaslbl6 at !.o, tcDtcr_
atut6s. It shoutd bc notlftoa that h th. calo of beazophe"o". fal
sucb a transfcr ra6 obtahcd but found to b. latbc! r.ncfflctcnt at
temp.ratupcs 1150K.\
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fhe6e reEul.ta suggcsted thc folLorlng gchoDo for thc ttrlce-
atage electron tlan6fcr bettoen tha thrce tretoaes tDvasttgateAi

怠慕 t凛鳥 黒""
Whca acetorhenone * {-*taal.Jtted lD n.utlal tcthaaor. rat.r

gla€e !t 77o k, an ab8o.ptloa at 42H+lo tlD Flg. (lr) la obsorv.d
lDDeaiatcly aftcr hradlltloD rhlch decayca 

"ery ralldlJ. oD ar"Doar

llDg and lB attributld to tb. noutral fgtD of tbc acetophenoDc

raall.cal anj.on. th!.s absorptloD ,ao rlot obtalneal in thc ab€caca of
ratc!. ff thero ls a back rcactr.on as;

Bo1+( 0 cocHt)- Qcocu, * RoH ......... (r)

no Droaluct la cxlectea. Horcver, ln the pacsence of ratcr, thr,a
back roactloD couLd. bc svolatea aa ahorn bc1o, to g6t th. lcut!.Ilzcit
fo!& of tho acetophenoDo redl,cal. aDlon,

non* 1Qiocnr)- ffao 
> ip bncn,

I
I

V Hzo

no.) . oro* + ( Q bocur)- -> ( eEoncn,) ......... (4)

rhlch i,B thc saur a6 tbat obtatn il by Beclctt ct at fZ] . fnc
I,h6lronone of anr.onl.c eleciron t!aa6fc! is fouDd to occu.lr fro& !ioa_
aroDatlc Eoleculc to a hlghly aloDetlc Dolecule (acetone to b6nzo-
phenonc ).

2) p-CHLBO ACEIOPITENONE AND IFNIT'RO ACETOPHENONE SYSTE!|S ! -
The behavlou!' of p-Chl,oloacctoDhenoDo t6 found. to bc the sEo. aE

th6t of acetopheDo.Do aftet /-trradtatlon ln basr.c tsop"opEnol.
?he pieaencc of ar.troua oxldc raa found to alccreaae tbc ploatuct at

ヽ
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45O-4?O DD Fig. (5) whlch nqy be due to reactioa betweea aitrous

oxidc and isopropanol radj.cal pni eas (GE Calculated ia the abseuce

of nitrous oride is !.88 x 1O-'(uolecules'1oo ev)-1 (ll-1 x crfl;,
aad that in the prcseace of tritrous oxide is 1.)Bx 10'(noleculee

roo ev-l) (M-1cE-1),
p-,ltrro accu\rphenone ia -d -iEad.iated ia neutral isopropanol

at ??og. becauee of the fornation of the quiaone stlructure in basic
nediurn giving a dark red colour. A aeutral isopropanol glass

contai.aing p-aitroacetophenoae garre a sharp abeorption at 565 ta
after imadiatloa which ie decreased ia inteasity aad eLifted to
55O an. lhie 550 nn absorptioa ie found to be unstable at temper-

atures ) frc9f and decayed to two weak absorptions 1ocated at
490 nn a\d 525 nu Fig. (6). The 565 au absorption is attributeC
to a species wbi.ch is thougbt to be a radical where tbe negative
charge is deLocalized. The other two absorptions obtained at
higber teuperatures are assigned to tbe neutralized forn of tbe

above aew speci.es. Ueing low coacentration of the naterial an

adctitlonal absorptioa at 160 nn was obtained which is assigned to
the saue species nentioned above siace it decays with the decay of
l"b.e 565 am absorption, which ls.supported by experinents ff. Tbe

following strtrctures of the above species are suggested.;

。
＼
Ｎ
夕
。

0
″
,_C― C i4 3

The addition of nitrous oxide has only a little effect on the

product.

1) lirxruREs oF ACEEoPEE{oNE AND BXX{ZO"HffOliE SySTir.iE

When a mixture of benzophenone (to-,to 1 x 1O-7 l.l) a:rd aceto-
phenone (ro-2 to 1x to-z) i.4 -inadiated in basic isopropaaol

glase at ??oK, ^ weak absorpti.on at 440-450 nm was obtained. This

absorption increased in intensity after annealing, anC is assigned

to the acetophenone radical anion formed via anionic electron

transfex fron the isopropanol radical anion. Ihis absorption is

O《ァじNO憤
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deoreased in intensity aFter three successive anュ ea■ings and a new

absorption at 640 ■■ vas produced.  This later absOrption ■s the

benzophenorte radical anion F工 8. (7).  ■t iS COnc■ uded that there

■s a Charge tllan8Fer fron acetophenone to benzophenone llll such a

llediula sinl■ ar to that reported by Adans E´ ,′}

C6Hラ
 ~ - o- + (c6Hr)2co -> (c6fl5)c - o- + c"flr?cf,i1, ...(5)

4) IT,UORnIOI{.E SISTEU:

Consideria8 tbe siuilarity bet!,eeD bolzophenoDe ald fluore-

Done, this erQerineut iE 6u88ested ' 
!y'treD fluorenoDe is "'f-irradiatea

ia basic j-sopfopanol gla6s at ??ox (1o-2 - rc-'1Y) with a dose of

1-11 x 1019 "r. 
,1-1 ! a veak absorptions at 4-44 na arrd ,OO !n ale

obtaiDed as abow!1 i!. Fig. (B). These beiflg unstable at teEpelatules

above 16OoK. Both absorptj.otrs ale sirdlar to those repo"ted by

Mcofellard f5l *a ."" attributed to the fluoredone ra'Iica1 aaj'o '

Using 1O-2M fluoreloDe gave only a s!0a11 coltlibution at ,00 an'

thi6 is erplained to be due to the oolo$eric diEelic trensfornatio!

(higher coacentratioEa leads to Eole diDerlc Epecies) lrhich 8i'ves a

nore iEtelrse abEorptio! at 45O 8D. On the above ba6ist fie es6iEned

the 450 tlD abEorptioD to the lluoreDone radical alioa di'Eer aDd

the 5OO Do to the Bonolderic Epecies of the radical '(4io!' 
The

lotlowing stluctule6 being EuSEested by l,jeiEsoa'n f4l fo! thediuelic

6pecies i

Qρ
:―   Na

ＨＣ

／

Ｃ

・

―O
l

C

lla+
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- IRR.A.DTAI]OT 0! POIASSIIJ}I
BROI.IIDE At{D POIASSITU rErOCyrxAtE I1{ 7M

roE GLASSES Ar 7?of,

saaa K. ェsllal■ ana  c. sch。■es

ABSTRACT

lbe follation of B!: i! ?lr KOg Blass at ??o K ra6 atudLed.

apact.oscopically in thc preseDce e.Dd the abaeEce of N2O. It haB

beea fouud that the pregelce of Ditrous oxide increases the yield
product. Ihc ab6o4)tioE at ,60 uri is esaL8aed to thc Ar; radical
anioD. A conpetitio! betyc6! Br- ald etha]loI toHaldE O- was alao
studied e.od. lt.was fould tbat the pleBeuce of ethenol alecreasea

the absorption at ,60 tru.

,/Ia the rl -iuadietion of pote6siuE thiocJEate i! tbe sane
above glasa ( 7I'1 XOd at ?Zot() gives tbree ab6orptioD8 tocated at ;

,?O-)8O nD,, 420 nn aad 475 nE. Ihe first absorption is assigaed
to the 0- edduct (CNSOE-) while the second. abaorptioa i6 probably
due to (sCN-), ioB s-ad fiEeIIy the last ole ia attributed to the
(CNS-)2 radical anion. It haa boeD found that the presetrce of
nitroua oxide iDcleaaea tbe yield of (CNS-)2 radical aDion.

INTRODUCTION

Tbe foluation of Br; ladical alioE ras Etudied by haq. authola
in aqueous erd o!6anic bedj.a [1-4] . r!06 flash photolysis studie8
o! bercury II halide coroplexea and ions itr solution f5], tu" a.c"y
kinetics of the transient speciea forued in both Eeturel a-od acid

,DepartDent of Cheeistry, 
- 
Co1le8e of Science, Al-llustalgiriyahuDiversilyr Bsghdad, _IRAq. _

Al-firrstansi.iyah Journal of Science, VoI. 4 No. 2 (j9?r.
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601ution ■lth the rates oF reaction oF Br2 ・ lth addea s。
lutes

,ere re,ortea.  An ab80,ption spectrun at 360 nm was Obtained

●llnllar to thoge repoFted in flash photoly818E6,[] and pulse

raal。■y816 [83 ・  Other suthorB〔 ,]have repOrted the Formation of
B'2  at 360 nm in the pu18e radioly816 0F deareated ●■cOh。 1lC

so■ution8 0F alkall halides  in the pulee radi。 lysis OF Frozen

aq、eOus br 801ution at 77・ K BOrisova and Bugaenko〔 10] reported

the ab8orption oF B,2 tran310At at う6ぅ nll.

B●xtOn et a■ . El] , in the Pulse Fadi01y81●  OF deareated

so■,tion Of hyarohronite obDerVed an ab6o,ption located oF う60 nnl

and attributed it to BF2・   They o180 Found that the aadition OF

O.lM NaOn decreasee the yield 7hiCh Wa8 att'lbutea to the decrease

in the prinary oxldizlng radica■  (5).

■t ■aB been repollted 〔12, 1う] that on pu■8ing 30■ utlons oF

thiocyanate lon3 in the presence oF al, or ■itrou8。 Xide, to

elininate the e:q abS。
'ption, a strong transient aし

60rption at

47う nm 18 prOducea.  Th18 result8 Fron the reaction oF OH radica■ s,

lndicatea by the Fact that in the nitrous oxlde system, the absor―

ptiOn 18 1nCreasea by the amOunt expected due tO  the product10n

oF more OH raCica18   1t WaB Postulated by Baxendale et al.〔 IIIB

that the thiocyanate behaved a8 a pseュ dohallde Forming (CN3)2'

Cl:S  +  CIS
K.s /^raa\ l.\

\__ \Ul'!,/2

snd that the abEot'ptLon band at 475 nD waa due to (cNS)2. fhc

equLLi.b!1u.8 conEtant fo! the above leactlon was calculateal aa

1.2 r. lo5v-1 sec-1. Dalnton et a1. 05] asslgnedl the absolptlon

at 47o DD obtalned floo the pu16e rad1o1yB16 of CliS- lons 1n

Bethanol to the foinetlon of (ClE-)2 .



1)

EXPERIIIEMAIJ

lraterlal8 !- Potasslu! blohlde, Potasslu.h thlocyanatc and

potasElu! \ydroride are of Anala!' glaao fron B.D.E, and

thcy ,ere qEeil ,lth out ally fut'tle! lurLflcatlotla. Nltroue

oxld6 froe the Bll.tlsh or(ygen coDDaqy ,fa6 pu!1f1ed by

dlEtlllatlon serleral. t1Be6 oD a vacuulr 11ne and thell Etoreat

h a py"er veaa€1 at llquld altrogen tehperatutre. gthanol

?aa uactl rlth out any pultflcatloD sl.nce lt lE of aepectr.o-.

sol graAe (Hodaln anat WtI11aDB) bottlea undeurltrogen gas.

All aqueoue eolutloaB ?ere. Breparedt us1.g trr.plc d18t11led

ratea.

The crperleental detq118 of thel8al anteslllg ana lcaolutlort
of tho abeo"Dtlon bands are glven 1! a prevloua eaecr ff5].

frnaAlatloD anal doslDetq., optr.cal abeorptlorr DaaaureDents

at 77 tr, Vartable teDpersturo unlt, 6sDple pregaratlon aad

photobleschlrg Droc.asc6 ar6 all glven ,.! s prevtoua

eaeer r, .

RtsSI'L?S AIID DTSCUSSIOT

Pota6slutn BloElde 6y6teDr-

/-trraatatloa of hlgh Coucentratlons ( > 0.2!i) of lotas-
sluri bt oDltte lD 7U KOH glas8 6t 77of Stve an llrtensc ab6or-
ptlon nalnly locatod 6t J6o n! as 6horn in I'fg. (1). An

lncreaae 1n the lntenslty rlth a Ellght shlft of the abov6

abaorptloD band ras obtainea oa thernally annealltlg the
aaDpl.c. A 61n11ar' yield ra6 obtalned u61ng lorer coocen-
tratlona of mr and by thc addltlon o! [ltroua oxldc. It
16 reaaonable to s6al.gn the sbove absorptlon to Br; rhlch
oal be fornotl ecconallng to the folloilng lesctl,on6:

A)
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Er  + OH  ――)レ BroH

then either

BrOH   +  Br   ―‐―〉"  IBr2 + °H

Or

_¨
… … 。 (2)

¨ … … …・ (う )

D-

.B「。
2‐

Br2 + °2‐

４

　

５

'rYhlle ln the presence of nltnous oxlde, re have;

then elther trrO- or posslbly fonmed 0- react wlth Bf;

then;

… …。・ 0。 。 (7)

¨ "¨ ¨。 (8)

All the above rientloned reactlons are assumed to occur at
hlgher temperatures. No lnterrnedlate lvas obtalned on band

ana1ysls. These experlments lo not rule out the Brecursor slnce
1t nay absorb at the same wavelengtr as Br! . The o(ar!)
eval.uateC fron the above exper.lnrer:ts ls found to be O.t+9 J O.Ol+.

Fig. (2) shoirs the absorptlon bands obtalned froe several
experlnents 1n ivhich O.2ur KEr n^. {-irradlated in 7li{ KCH glass
at 77o I( and to whlch a flxr:d arnount (-3 atnrosphenes) of nitlrous
oxlde r';as added as well as cillferent concentnations of ethanoL

$ * lo-t [f-8 x to-4lt). A11 the samples were photob].eached anc

therma).\ annealed. A 1l.ean relatLon shlp Flg. (5) was obtalned
by plottlryl' tlre optlcsl denslty at 160 rull af,Lel. aruleulir\; vel,au6

ethanol concentr.ation. A slnllar nelatlonshl! nlrs obtalned by
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B)

plottlne 1/O,D. verBus ethanol conceDtratlon. The

decrease ln the above absonptlon ls attnibuted to a

compet!.tlon between Br- anil ethanol. towarde O-. From

the slope of Flg. (:) and the fol.lowlng relatlons!

or O- + ethanol ----> product ....o....... (10)

It 1s eval.uated, K,lAh<g = 71 .Tt whlch proves that Br-
ls nuch weaker than that f- towands 0-.

POTASSTUU THT06YAIATB SySTBtit 3 -
!9hen O.2M potasalun thlocyanate 1D 7U KOH glass at 77oK
1e d-*raatatett wlth a dose of 2M r.atie and then
annealed after phdtobleachlng the trapped electnons, a

successive absorptl0n bands wene obtalnedl l0caterl at
37o-47o nn Flg. (l+).

The above absorptlon bands were obtalned by thernally
anneallng the sample up to 15Oo K. Analysle of these
bands gave three absorptlons located at J7O_JSO rum, 42O Dn
and 475 nn ae shown ln F1g,s (5, 6r l). slnce the nedlua.
ls 7M KCH nost of the holes w111 be 1n the form of O-.
The follorvlrg reactlons nay occur.

then the lnte'nedlate (cliso)2- or cNS radlcal react wlth
another CNS- 1on to form (CNS)2- nadlcal anlon:

or

＼
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Pu■ 8e radiolysis exlperiments oF aqueous thiocyanate

801ution indicated that the Px oF CNSOH  is  > 14 。  Although

in these highly alkaline glasses, the doubly charged Form may

exist,For the sole purpose oF conVenience, the hole adduct i3

written a8 CNSOH  and the Follo,ing reactions are proposed8

C鵬
‐
+OH ― ‐> CITSOH‐       ¨ ¨ ..00¨ ¨ (1う )

釧̈~+ぼ 挙 叫 畑L…… …m
The ab80rption band at 475 nm is attributed to (cITS)E

and that at 380 nm is a881gned to the o~ adduct or cr‐ soH‐ .  These

aaducts are Found to be unstable at higher temperature3e  The

absorptiOn at l120 nm is probably due to (cNS)3 .  It i3 Foimed

in the First stage of the anneallng processes and pOssibly via

the reactiOn sequence:   ・

2CNS ―=> (CNS)2

(CNS)2+CNS~ ―=>

・ ・̈・¨¨ "。 (15)

0¨ ¨
“"… o(16)

(cl:s )-,

The above 42O nn specles was found to be stable at hlgher
tenperatures andl to decay together wlth the decay of (CUS)- radlcal

2
anlon. From the above results the O(CIS)l ls foundto be OolJ.

fron some expenlnents camleC out in the 6ame laboratotlr, 1t has

been found that the yleLd product of (CIVS)! 1s :.tnear wlth Ao6e

uB to O.2 Mrads. Consldering the above llnearlty wlth do6e and the
dose glven ln the above experlment whlch ls 2 L:rads g recalcula-
tion fon O(CNS)l was carrlect out to give G(CrS); = i.6e.

ft has been found out that the addltLon of. (3 atnospher:es)

nltrous cxlce to ( -Irraaiated 0.2il (KCNS) in 7L,t Koti glsss at
77 Ko lncreases the yleld of (CNl); and the r.atlo of (C.D. wlth
N2C)/(C.Ir. wlthout N2O) = 1.55 the abor/c lncrease 1s attrlbuted
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to the reaction between nitrous oxide and tile mobi■ e electron

produced lphotochemically:

N2° +e: ――ン  N2°    °・̈ ¨…….。 (17)
Then the above Formed N2°

~ maγ

 aCt as an oxidizing agent to give
more yield product:

(CNS~)+ N2°
~~~力

(CIS o N20)2-.… … … 。 (18)

(CN`。 N2° )2-+cNS~一 ン (CNS)E+N2°
2-¨
¨ "。 (19)

Using lower thiocyanate concentrations (0。 01 M)leads to

a shiFt oF the absorption at 380 nm to 370 nm which is exp■ ained

to be due to the change in the glassy mediun since the concentra‐

tion has been changed t。  1/20。

REFERENCES

l)     M.S. Matheson, WoA. Mulac, and J. Rabani, 」。 Fhys. chem。 ,
67,261ぅ  (1963)。

2)     R. Devonshire and 」. J. 7eiss, J. Physe Che■ 。, 72,
う81ぅ  (1968).

う)     Fo S. Dainton and De ll・ 。 BrOWn, う01,, 19う -6 (1966)。

4)     B. cel・ cek, :1. Ebor・ t, 」。 P. Keene and A. J. Swallov7,
Science, 14う (3655 , 919 (1964)。

う

'      M. E. Langnuir and 
●
~。  Hayon, 」. Phys. Chc=。 , 71, 3808-14

(1967).

6,      L. 1. Crcssweiner and ". s. 卜latheson , 」. Fnys. Chem。
61, lo89 (1957)。

7)     M. Anbar and 」。 K. Thomas. Jo Phys. Crlcm., 68, 3829

(1964).



B) I{. S. Iuatheson, W. A. Mu1ac, J. L. Weeks, and
J. Rabanl, J. phys. Chen.r 70,2Og2 (1966).

9) S. Arai and A. Klra. J. p\ys. Chem., 7\rZlO2 (1970).

10) E. N. Bor:lsova and L. T. Bugaenko, M. V. Lononosov,
Moscow state Unlverslty, Translated from Khimlya
Vysoklkh Energli, Vo1. J, No. J. p.279 (959).

1't) G. V. Buxton, F. S. Dalnton and F. U/llklnson, Chem.
Commun., 11, 320-21 (196L).

12) o. E. Adams et a1., Trans Farad. Soc., 61, 16ZL (1965).

13) G. E. Adams, J. ,/V. Eoag, J. Currant and B. D. Mlchael
"Pulse Radlolysis'r tsd. M. Ebert et al., Academlc press.
(rondon) p. 117 (i91il.

th) J. H. Baxend.ale, p.L.T. Bevan and D. A. Scott, Trans.
Farsd. Soc., 5[, Tge (g68).

15) F. S. Danlt.on, f. V. Janovsk-y and G. A. Salrnon, Ciienr.
commun, 335 (1969).

16) S. K. fsmall and G. Scholes, A1-i,,lusta:rslr,lyah journal
of Science, Vo1. L, I.Io. 1 (1979).

17) S. X. Ismal1, A1-l.,lustansirtyah Journal of.sctence,
vol. 5 (1978).



5t

CIIE}IICAI CONTROI OP

BADIOPEARMACEUTICAIS.

A. I'1. Al-Eilli ard A. tr. Roonaya'

ABSlNACT

The chenicar control of radiopharauaceuticars which iacludes
radiochenical purity, chenical purity checke together r^rith the
sources of lnpurities 

'nd the nethods ueed for their estioatloa were
defined aad e:pIalned. lrhe nethods used, for d.eterninatioa of the
naln coastituent of the product;

工NTRODUCT■ oN

The Fo■■owing radiOpharnaceutica18 are produced8 1sotonic

solution エー4ぅ1, Rose Benga■ ■abelled with ェ_1ぅl solution, Hippuran

labelled with ェ_1ぅl s。lution, Tric■ ein ■abel■ ed with ェ_1ぅ1 801ution,
01eic acid ■abe■ led with ェ_4ぅ1 80■ ution, Human serum a■ buコin labe■ ―
led w■ th I_4ぅ4 s。■ution, c。 1■ o■dal Au-198 801ution, Tc_99五 heptava■ ent―
in isotOnic s。 lution frOm MO_99_Tc-99m, GeneratOr。

, Neohydrin H8‐197
solutiOn p― ぅ2 isotOm■ c s。■ution.

The radiOpharmaceutica■  term means any inor8nn■ c cOrtpOund

conta■ n■■8 the radioactive aspec■ es cOncerned, which are adコin■ stered
tO hulllan being fOr diagnostic and therapeutic app■

ications, in viv。
or as clin■ cal diagnostic agent in v■tro, usually they are dispehsed

ユn aquous, hydro alcOh。 lic and o■ ly s。■ution3 0r C01■ 0■ds.

3ifc諄輩等,Ofa獣:量電Ч五8:1lege oF Science,Al― mstttsiriyah

A1-Ifustaasiriyah ,fournal of Science, Vol. 4, No. 2 (jg?g).
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Asthesera.Ilopharmaceutlcalsadmlnlsteredtohunanbelngs

they should be subJected to rlgoroue and strlngent quallty control.

The quallty cotrtrol canrled out on radlopharnaceutlcal6 dllffen 1n

eome respects from those carrlod out on conventlonal pharmaceutlcale

ana lnciluales three naln toplcs whlch are chemlcall physlcal anci

blologlcal lnvestlgatlone. we are concerneal here wlth the chernlcal

control. of these preparatlona. Besldes these preparatlone contaln-

lng radloactlve materlale the contenta of them are too nlnute

therefore speclal ana sensltlve Dethods are used' The chenlcal

contnol of theee preparatloas takes tllfferent forms accondlng to the

requlr.enents of the flnal product.

EI?ERIMEMAL

'1. Radlochemical PurltY:

Table (1) ehows the conmotr nadlochenlcal lmpurltles ln

radlophernaceuticalsandnethodeuse.IforthelreEtlmatlon.

Thls term of purlty 1s unlque to ratllopharnaceutlcal preBs-

ratlon8an.IexPresseda6Bercentageoftheratlloactlvltyof
the radlonucllde 1n a certaln chenlcal form to the total

activlty of the produet, lf a hlgher percentage of the

radlonuclltie, thaa the pernlsslble quantlty 1e preBent 1n

other chemlcal fot'm than the stated or deslred one, the

proauct ccnsldered r.adlochenlcally impure, reasonable amountg

ofnon-nadloactlvelrnpurltlescanbetoleratedwhlleredlo.
chemlcallmpurltlescouldnotbeao.Tho6eradlochemica].
lmpurltles may arlse as a result of uncontrolled chenlcal

reactlon durlng processlng' of' the target naterlal or due to

chenlcal lnstabillty of the conpound ln the produet owlng to

radtolysls or radloaesoclatlon leading to cilsplacenrent of
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the radlonucllde wlthln the nolecular structure of the

conpound whlch occur,s durlng Bhelf-Ilfe. Therefore radlo-

chenical lmpunltles nuet be kept to a mlnlmun by taklng 1n

conslderatlon the above nentloned cau6es, rather ao they can

glve faulty d!.agnoelel later enroneous conclustons and act

a6 a source of undeehable r.adlatlon to other organs 1n the

body.

In order to safeglardl the radllochenlcal purlty of the

propanatlons they ehould be Datte of optlmun PH, rooderate

speclflc actlvlty and etoted 1n a cool dark place.

?ho nethode u8edt for the detel,mlnlng of radlccheml.cal

purltyl are based on varloua p!\ys1co-chem1ca1 technlc-uee,

whlch enable the dlfferent chemlcal forn6 of the radlo-

nuclldes to be eeparated. Paper chronatographyr papen

electrophoresls, thln layer chrornatography anil 1on-exchange

are technlquee 1n cornon use for thls purpose.

Chemlcal purlty:

Chenlcal purlty of a radloactlve preparatlon concerns the

11m1ts of other non-r.Bdloactlve elements present ln the

f1nal product.

The target naterlal useA for productlon of the radlolsotopes

and chenleal reagents.usetl ln processing are of the hlghest

grade of punlty to overccme che:irleal lnrpurltles, beslces

that the chenlcal technlgues lnvolved ln productiotr of ti:e

radlolsotopes are methods of puniflcatlcn 11L-e c1st1l1atlon,

soLvent extractlon, preclpltatlon and icri-exchu::ie. l,i:r'eover

chenleal punlty checlr should be done per.1.ccilcr.1ij, o:i r'.he

products because tilese l,urpurltiee may tre tl.,e sort that r','ou1.l

constltute ei rlsk lf admlnletered mei1ca11y such as the
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the coDrlonly knonn tor(lc eleDents I'lf,e arsentcr Dercutla lead,

antlDo4y and tellu!1uD. The 1a6t one le llke1y coDtaElnant

of l-trl, rhlch lE plepared froe lrrsdlFted ?e 02 targeta.

o! tl.ey Day be etrth6ly lton-tox1c but present ln eufflclent

ahorrnt rhlch tlrtelfere xlth the nolDal behavloul of thc

l6otope.

fEpurlty 11n1t8 could be detected by selectlolr o' a oethod

ueetl to aleterelDed 6oa11 quantltres of elenents In tl.e lroquct'

E6laBIo[ Spectrograplv lable (2) ls a convenlent technlque

for the reaaon that Da!,J eleeente can be aeteeteal slouotan-

eouely u61ng elnute volunea of the actlve Eaterlal6. fha

llnLtatton of th16 technlque ls tte cohtaolnatlol reeulte

froD the valours of tbe actlve Eaterlal durlDg 6parkln8 and

the Long tlne the process consuttoal coopared tlth the r8!ta

tlne of dellvery of the product to the consuoels. therefore

lclaiograpl\y ls nore Bul.table and could be uoed for the

deterDlnatlon of nost eleDeDt6 rrlth Le€s elaborate amange-

menta snd EaDllu1at1on without vopour contalnllratlon qna

takea nuch 1eE6 tlEe.

the6c facllr,tle6 one catt adopt BeDlquan-

spots te5t of heaw €lenents ln thc fhal
of

dlsadvantage,t|ts nethod ls lts Eenaltlvlty
/

of rrogt oleErentg present ln the tlDal

I[ the abael1ce of

tl,t!.ve nethoAa aDd

pt'oduct. But the

beyond tho 1lnlts

rroduct6.

). Quant ltat lve deterElnatlor: 9J-naln conotltucnt
1n th6 final Dr:odluct:

One of the loDort6nt factors that affect6 tha exletallcc of

radlolsotofcs th ths body sne thelI' blologl.cal halfllveat
..rhich sre Clffepent froin olle eler,eit tc anothet'. Heveathe-

iesrB Bl:l ft,llolrotoles ccnsl(iered io be toxlc (rlth dlfferent
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Ta■TF ‐ 2 BhOwlng the le口 ent● cOmonly pre● exlt h raaio_
PharDlaCeutica■ e and th●  1■ロエtg of their detection
by E●■881● n spectroBraphy.
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alegrees of toxlcr,ty). fherefolc lB ts piefolable to give

aa Euch aB DossLble a sDal1 aeount of the nadloactlvo

oaterlal to the boqy u€trg radloacttve prepar8t!.ons of hlgh
6pecl,fLq actlvlty.

FroD the above Derltlonea pulposc and fol egtiEathg th.
speqlflc activlty of thc aioduct eapeclal\y for thoBc olganlq
labe]led preparatr,onE, tho dcterEhatlon of the EaLn con€ti-
tuent Ln product shoulA b. donc. Va!1ous anal.ytlcal Bethods

have bcen adolted fo! the putpoeet pol.aroSlapby, colollDetry,
spectroghotoEetry and potentloBetrlc tltratloD are the &oBt

sultqble techtrlqueB ava11able. The selectlon of the eethod
depelra upon concentlatlon and cbeolcal chaiacter of thc
RubstaDce unale! conolderatlon. fhe naln con6tltuent of bo6t
preparatlons produced getrerally are absorb ln the
ultravlolct and v16tbt6 rreglon of the sBectruB ln Ehlch
spectrophotoDetrlc lable (r) ard coLor.lEet!1c nethoda can be

applled, whlle th6 co&entratlon of Naclr I(Cl ane [aBr ln
leotonlc ao1utlon6 of ]{acl-24, KCI-lr2 and Na Br-92 can be

deteralDed pot.ntloEetrlcaIly.

A psrt flon tho llain constltusat ln the lro(iuct thcre rcrc
othe! dctelElnatLon6 llke buffer concenttatlon aE ln thc
lsotonlc solutlonr of NaI-131 al'd p-32 aDal partlclo slzc aE

ln collodla1 Au-l98 solutlon rhtch werc estlDatcd spectlo_
photoroetlr.cally f{.



IABIJE , Spectropbetonctric deternination of nain constituent of radiopharnaceuticals
produced

Radiopharnaceutical
preparation

llhe detendned
const.

conc. of the const.
in the prep.

Reagent if any    tt max。
and dilluent       mド

せ

Eippuran I-1]1

Rose Bengal I-1]1

Humen sexun
Albunla-I-111

Colloidal-Au-1!8

Sodiun Iodi<le I-171

Sodiuu Ortho-
phosphate- P-12

O-iodohippuric
acid.

Tota1 Halog.
flucreeceias

Euman gelun
Albunlae couteat

Gold content

Phosphrous
coDteut

Phoepbroua
co[telt

2-5 コg/m■

O.5-4。 O mg/mユ

ラー10 mg/m■

4-5 mg/m■

う。う―うo9 ■8om■ .

う・う―う。9 mg/m■ .

Water              2う う

0。 l M Na2HP° 4      55°

4%benzy1           280
a■coho■ in water

Water              52611

Mo■yhdate           440
Vanadate reagent

↓a7:ζ . 
ごう and

Mo■yhdate           410

1:::2喘
0;e:Я:nt
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DISCUSSION

It has besn shqrn that the cheol.cat control ot laalolharE-
aceutlcalE 18 GaaeDtlal ana l[poltalt snd Ln Daltlcular thc radlo-
cheDlcal $rrlty ch€ck rhlch rould be done lcgul.arly, and ln tlee,
ot! th€ producta pt'lor to theh del.lver.y to tho consuroera.

oun luf.lancea about thc chedlcal purlty of tbe productB La

to be checked on the target latc!:lale p.1or to lrladlqtlon, in thq
Dcan tlEe cheElcal purlty deterDlDatlon could be done con6equently

froD tlDe to tbc on the Dloducts sfte. dellvery.

The beneflt of all. cheBlcal control,e i9 to gtvc an liea fo1.

6u1tlb11tty a.nd t'el.labl1tty of the lroducts fo. DedLcal use.

Flg. (1) ehor6 a hlstograE for raallocbelilcal purtty of
lsotonlc solutlon of Naf-1r.1, Ftg. (2) hl6tograr! of ledlochenlcr.t
pullty of Elppu!6n-i-111 , Flg. (3) htst,ograo of ladiooheElcal purlty

ofof rli.ole 1a-I-1J1 , Ffg. (4) hl ato8pao/raa[ocheE lca t ]urlty of tc-998,
FLa. (5) ht8togreo of raClocheElcal purlty of co1loldal Au-i9g.

RSFMErcES

'1. R.A.. Celo_ et al, ,,fnt. J. of A!pl. nad. & IBotopeB, Vo1. 1g,P. 127, 1967.)
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Ferlods

f'lg. (f). A hlstog!.an shorrlng radlochenlcal purity of co11oida1
Au-198 solutlon durlng 4 years.
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STNEHESIS OF ACrjJATED

2_ffiDRolff _D_ATBAI

X'.8.1. A1-Bandar and Salma:r A.S. AL-Janabi*

INTNODUCIION

Recentry, various reactions have been accouprished for the
preparati.on of 2-hydrory -D-g1yca1s as resonably active pxecu"sors
for wide synthesis of Nucleosides through addi.tioa reactions [r, al

Acylated 2-hydroxyglyeals are usually prepared by the babe_
catalysed tra-ns-elinination of hydrogen halide fron poryacylglycosyl
halides in which the halide and. the 2-acyro:qy group are cis related
I zl . Diethyramine or sodiun hydroxid.e in inert sorvents were used
as basic nedi-un for the erirnination process but with row yield 4 .

Rao a-ud r,erner have introducecl the use of the strongly basic
1,5-diazabicrcro(:.+.0) undec-!-ene (DBU) which has shown to be an

exellent base for such elinination reactions, giving yierds far
superior to those obtained using bases such as d.iethylarnine fzl. rire
use of DBU have greatly inproved the yield of the above neationed
unsaturated sugar as it has beea applied w-ith rnod.ification in a

nixture of DBU / LiBt in HMprA on various polyacylgJ-ycosyl halides.

2,),)-tri-O-acetyl-D-ribofuranosyl bronide (t) was treated
first with DBU in DMF but no unsaturated. sugar was detected., instead,
deacetyaltioD took prace apparantly due to the fact that the bronide
to be elirainated is cis to the gdroger- at crwb.ich needs prolonged.

treatnent that definetly leads to the hydrolysis of tbe highly

:::3EI:11;ュ fa:lII:C:'Ig:tlele_ 1 :diCiti°l'_ 1~luStilii:ilal
Al-Itustansiriyah Journal of Science, Vol. 5, No. 1 (19gO).
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rmstable frranohalosugars. llhe preseace of free halide ioas in
the solutlon would lead to an equilibratioa betweea tbe Ofand. the
p isoners of the halosugar which sould create a reaeonable

coucentratioa of the halosugar that rould Lead to the formation
of the oJ.efiae, therefore the halosuga.r was treated with DBU ia
the preeence of IiBr and hexanethyl. phosphoric trianicte (El,lpl[A)

uhich afforded higher yield of the olefine (5) due to the pxesence

of Lithium bronide hexaroeth6rl phosphoric triardde conplex as

a higbly soluble source of the halide ion.

Conpounds (a) ana (J) were treated under the same coadi-
tions giving sinilar results affording (5) ana (6) respectively
rith no traces of side products due to hydrolysis.

The idea of neighboring group participation that could.

affect the above reactioas was taken into consideration as com-

pouad (4) was treated with sodiun hydro:cid.e in 1r2-dinethory-
ethane aud DBU yielding (?) (r). Conplete eliniaation of all
ester groups in the starting material was also studied by intro-
duciag an isopropylidene group on CZ, C, and protectine C,

hydroxyl group with either trityl group (B) or tosyl Sroup (9)

affording (ro) ana (tl) respective:-yfO,7,e].

DBU/ LiBr

Rと0シ

OR     OR

ラ:  R = Ac

6: R=Bz
7: R=Bn

1: R=Ac , X= βBr
2:R=Ac,X=β Cl
う: R=Bz , X= β Br
4: R = Bn , X = βBr



DB, /LiBr

十

;:l:路 [l::Lso2~
40: R ・  Tr

14: 2 ‐ Ts

RESITIIS AND DISCUSSIOTI

geveral leactio!1E heve been hade for tbe sy]]thesie of
ungaturated heroaea but little has bee! tloae on the comespondilg
pentosea [t,a,al . leutoses ale the hajor suga] urlt in eary
naturally occulin8 colipounds a_Ed especially ita the uost iBpolta-Et
nucliec acids ENA ald DNA and, the hope to create an easily addil8
centre (d.ouble boEd) j.D a peltose wou1d. furDish. a wlde path for
the 6lnatheais of €uch vi.ta1 conpouDals. ODe of the nost inportalt
nethods for tbe preparatioa of unsaturated. cornpo!-DdE is through.
debydrohalogeEation of the light halocompouad, such reactioDs were
suoothLy ca!!i6d. out on pyrarosiaes!, 2]. ftraflosyf halides are
nuch less stable tha.o the correspoadLtrg plEaloELde8 but reactionE
has been car'riod out eucce6sfully to yield the light tlycosyl
r'":.ia" fr , rci] .

DBU in Dm waa u6ed priEaril, on the _substituted poly_
acyhlbosyl bronidea eld cblorideE with no folnation of the
unsatulated product appelaut1y because of tbe cis lelatlouship
betseen tbe halogea and tbe hydrogeD to be eli.Einated a]r.d the Breat
ten6ion ari6i.ng froE fliplin8 the nolecule to the right colfi8u_
ration.
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A nlxture of DBU and IlBr in IIMPTA produciag l,ithium bromide

hexanet\rI phosphoric triaaide conpl.ex ae the elininatiag agent

for deh;rtlerohal-ogeaation of 2rJ,)-tri-O-acetyl- p -D- ribofiraaosyl

chloricle and bronide (1) (2) was used successfully yielding il/o ot

the uasaturated sugar wbich wae ldentlfied clearly through C'E

aaalysis. IrR aad N.M.R. spectrun showed clear peaks for the right

groups and hydrogea atone in the expected nolecule (r) witU confi-

guration (fa) as Ehowa in tables 1 and 2. Chemical test for the

preaence of the unsaturated double bond in both dilute KlteOU a:rd

Brouj.ne water was poEltlve.

(12)

Table ('1) ehowing eelected streching bands for conpounds 1,2 atd 5 cr-1

C ― X   C=0 (ester)  c=C   H― CEC

Corrpound (1)

(2)

o)

Coupound ('1 )

(2)

(5)

4.8 -----
,.1 -----

う。う   4・ 10

ぅ。4   4.う o

ラ.4    4.48

う20         1745       -

280         4745       -

‐        174ラ     464ラ 466ラ

flabLe (2) showing eelected chenical shifts for compound's 1r2 aJId r 6

`よぅ
H H4

上
”
・
“
一

・　
　
　
・一一一二

H2H4

ぅ。4o

ラ。16

6.22

C H2° AC
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EXPMII.IB'IT.AT

DehydlobloEiEation of 2, , ,5-trl-O-ac etyl- p-D- rlbofuraltosyI

Esi*.:
Hexeeet\r1 phosphorlc triaDld.€ (2O D1) r,aE edded to a suE-

pensior o.f litbiur b.oElde (r.8 B.) l" tolueoe (ioo d). fhe
Bixture wae varhed aad the reEultiDg solutlo! was evaporated..

The reeidue was dj.asolved. irl DHF (10 EI.) ald the bloElde (1)
(r.5 B.) was added tollowed by DBU (2 u1.). r.Ir.C. iadtcated the
preeeDce of tr,o coDpoBeat6. the hi.xtu!6 xaa t{olked up aft6! 1ar8.
Bivin8 a broun sJrrup (58.) which vaa chrouatoglalbed o! Bilice
(r5o g.). ElutioD wLth beEzeDe gave a fractlo! (O.B5g.) vhicb,

D-ribe1 (5) , @.55s., 16.?%) , n.p. ro!10?o1 <*l3r'- l.lg
(chloforn).

Nujo■

工.R.data:    2′
max

r 7480'cu-1 ( shalp) aue to (oH) group of, vate! ot
cry6talIlDztioD.

]o2o cu-l (E) ethyleulc H.

al4J ctr-4 (e) due to e6te! group (Oc-cEr).

164J c'--1 (1{) due to oleftue (C.CE-)

ll.H.R. data: at ppn (`》  6.22(4-proto■ , 81ュ81ot, H4)う 。4 (1_proton,

doublet, Hぅ )  4。 48-4.ぅ (2-protOn日 , コ●■tiplet,

C,う0.46/.  H,5.4多

C,49。 ぅぅ%  H,う 。6?%

H4' 2●
5)

Anal. Calc. For C..I144°
7

found

Elution irith (benzene: Eethaltol , 8:2) gave d flactioa (tg.)
contained a xoixtut'e of first fractioD aDd both Eeqoad a]]d third
fractiona r{hich lraa further purified.
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The thira Fraction (0。 う8., 16.辱  yie■こ) was a syr p product

・"ハ identiFied as 2-0-acetyl_2-AyarOxy― D―ribal,(OL)38_ぅ。
o(■■

CEQぅ ).

工.E.data: Nり
°1    
勢
"。
la~1(3)(OE)8rOup・

lllax         
ぅ。9。 .■

‐1 (ul)ethyl・
・ lc 菫.

174う o■
‐4 (●
) OSter 8roup (C・ 0)

|“, CIn~1 (■) o■ eFinic (C=C)

Ana■ .ca■●.for C7E4盛ぅ :1婦 :;多 :|ぅ:″
2eacety■ ation of fraction three increaged the Oマ era■1 ,iel●

oF o■eFinic sucar (う ) t。 (うフ%)。

2,う ,ラーtri_O― acety■ -2-hydroxy― D―riba■ (5):‐

■ 6o■ution oF 2,う ,う―t,1-0-acety■―D―ribOFurano●y■ ch■oride

(2) (う .58o)in DMF (8nl。 ),aS treatOこ  ■ith Litlllula broコ 嗜de

(ぅ。28・ ) and m口 A coコplox (20o■ .) f。■■0,ed yヽ DBU (41n■ 。)。

The reactioll lnlnre wa日  loft at rooユ  teコp. fO, (14) LTs。

ToLoC. indicated the pre● ertce oF tvO COlnponente wlth differelrtt

Rf va■■e・・

The reaction● ■Xture was wOrked up a8 ●8ual t0 8工 Ve a C010‐

r■e88 87■
'p (28o)WhlCh Vag chroIlat●

graphed oュ ●■liCa gel (4008o)

and then e■uted with benzene : つethano■ 8:2.

The co■um y,olded firet a clean fraCtiOn oF 2,ぅ ,う―tr■-0-

acety■ -2-L7dror― D―rlba■ (0.88・ う1%yield)■ .p・ 407-408° (4)38_ぅ 2

in C“■
ぅ
。 The C・ Inp∝nd aeco■ o,■zed bronine water"d dil.で b04

日o■n.

bユ .cdCお,Cl盤°7':監斃 l繁鬱



Lヽ d“aW NO ab60rption fOr (OH) ● oup

No absorption for C_x 8roup

164ぅ on~. o■ eFinic (HC・・C)

174, cDl . aCetyl carboA7■

6.22 (1_proton, 8ing■ et, ■4)

,.4(1-proton,dOub■ ●t,L)
4.48-4., (ぅ_protOns, nlultip■ et,

E4'2Eぅ )

2.4 (9-protons, trip■ ot, 0■
ぅ

in Ac)

N.H.R.dat“ at ppln(`)

The second fraction (0.48。 ) ,as a ulixturo oF the two ●●la―

onents, and tlle thこ rd Fraction which was eluted 〈0.6g。 )was
identiFied as l,2,ぅ ,丼tetra― O― acety■_β ―D― rlЪoれranoge wh■ ch
ap_Darant■ y ha8 beet Fo,●led via bydrolyeis oF the ha■ lde iogl fo■ ■―

owed by trans eBteriFication.

う-0-trityl_2,うぃ0-iSopropylidetle-2-tydroxy― D―riba■ (40)

A 801ution oF 4-O― trityl_2,う‐0-isOpropylldene― 13-D―TユboFurall―

os,l cll■ oride (8) (0.28o) 1ユ  DMF (2■ 1.) was treated ●ith ■ithiun

bronide (0.28・ )●exallethyl phOsphoric tria口直do (41al。 )oo口●■ex

,ollowed by DBU (0.4■ ■.).  The reaction nixture was leFt at rooln

temp. for (40) hrB. T.L.C. indicat`a the presence oF three oonpon―

ellt s.  The nixture ィas ,orked up as ■n the usua■ way to 8ユ ve a

brown sy,up (lg.)whtch was absorbed on si■ ica 8●1 ●01u口o (608o)

Elution ,■ th benzene:コethanol o:2 gave First a nixture oF two

co口ponents oF triphony■  p●o●phine and its oxide.

rIIne gecondt =raction (0.058.) (27.彩 yield) was ,― O― trity■ -2,ぅ―

isopropy■ idenc― …́ヽ4●・。″―D―五ba■ (10),c.p.80‐ 8う°,(∝ )38_4う°.
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I.R. data: ':i" No absorption for oE group
utax

VO6O-1 for etbylenic hydrogea

16?0 cr.1 for (EC=c)

1600 cu-1 for aronatic protons

1rg}, 1r8O cn-1 for (gen-CEr)

N.u.R. data: at ppn (5) O.ge-e.1 (1!-protons, mItipIet,
aronatic protons).

6.12 (1-proton, singlet, ts1)

4.?-7.5, (4 protons, nr.r1tip1et,

Ev, fl4, 2E5) '
1.51 1.25 (}-protons, two singlets,
(cue2).

2.4! belonged to reagent DBU.

!-O-trosy1-2, l-O-i sopropylidene- 2-hydrory-D-riba1 ( 1 I ) :

A solutj.on of !-O-tosy1-2,]-O-ieopropylidene-p -O-riUoturan-
osyl chloriae (9) (o.1g.) in DMF (1n1.) was treated with lithiun
bronide (O.rg.1 HI'iPBA (0.5101.) complex followed by DBU (0.0581.).

Ithe reaction mixture was left to sta-nd at room tenp. for ('10)

hrs. l[.I,.C. indicated the presence of tbree conponents. llhe nixture
was worked up as usual to give a brown syrup (O.4g.) which was

adsorbed on a sj.lica ge1 colurnn (25s.) Elution with bezene:nethanol

B:2 gave flrst a nixture of tvro conponents of triphenyl phospLine

alrtl its oxide.

The second fraction (o.o2e.) (zt.y/" yield) was the D-ribal

derivative ('11).



,e

r.R. data: 'll' No absorption for (oH) group
max.

7O8O cn-1 for aroroatic protoas.

1O2O cm-1 for et\ylenic hyalrogen

t6?5 cq.1 for (HC=C)

llBO cr-l for (aronatic)

i78O, 1)?O 
"r-1 fo" (CUe2)

1110, 12?O,,t2OOt 118Ot 1'160, c{1
for (sulfonyl).
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8E工SIO―m工 N■口RェNc oEOL00TCAL STUDr AND

PROPOSED 餌工SIIC INttUttEMAT工 0■  oF Hェ o■

●AIS AT SuL工 llAMYAI1 00mNoRAT3, ■.■ .IRAQ

Pttr ( r ) SETSXO_E!IoIn!XRD(o

oEorrorcAt grur

I. Iaeblorrl '

,BSIBACT

. tDlc larSB catrth DarbcDattkhan itaD (12g Dt) alld Dot8E
conc!€tc dar (1f6.5 Dt) r.eplssctlt 6 lotabl.c lEporta.at tlrl,c of
6cLaDl,c ana cDglacollDg hazarits cvaluailoD probleE, not oDly
the aaes Lrl thoEselves a lrlati lJr oxpcDslvc proJocta, but
ar6 lntllatcly trlvoLycal ln th. *lolc acoaoDy, through pow6r
geDeltatlou, flood. coDtttol, lrrlgatloD, cto. fa aadltlo!
atructural fqr.lurc of tha6o da!! Eay Lcatt to a DaJor itlsaater
b6cauec largo populstloq EaJr bo orl,oaed. to suddrn flooiulg.

glDcc tbo coDatluctlotr cf th6sc twg OaEa ald fuU lol,oun_
Altrg of thelr rcservotns slDoat l€ ycalra sgo, acy.tral Glrglncerl!.g
ana ael€Elc pnobleus rcr€ !!ot. Thc puryoac of tbls Daper 1a to
ahcad ilght oD thc6a plob1cD8, iuscueellig a.Dd evaluattuig theE.

' Dopartaont of Oeolo$r, A1-xusten6lr.lJah Ullvcrstty, Sugrrd";:

Al-Uustanglrlyah .rournal of Scienca, VoL.4. tq"., i19t;i
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fDtotmstlo! gahcd floE tnt! atudy rllL ba of Yaluo

AurlDg ooltiluotlo! of futulc ilaD8 la thc grologlcGlly coEpll-

oitca 8na rrlatltcly lclallo Drlts ot Folt'h alral xotth last of

I!rq.

(■ ) INTRODuCT10N

lhc ctaluqttor of thc cDglnc.lbg aDd asliDlc oontlltlo!.
ot alta! rhcrc dus lrc forDat6il, lna atudy of th€l! lreaPoD6c to

tha tallou! arl8inaertln8:gcologtcal ald actsDlq .tfccta' psrtlcu-

Lr!\y rltatr ttrc lclcrvgh full lnDor.n6.oeDt ullf c€rtalnr'y

DroDotG DsDJr Yalusblc Lutotoatloqs. $rch lrforEatlon are qqlte

uscful lnd haLDful to q1YlI aDd cngbrerlnS-8cologlca1 poraonala

bclDhg th.D ricn chooallrg a da! rltc or.Ycn th€ ttpc of the

aar to bc construotcal ln thc g.ol.ogloal\y corollcr ana lelatlvely
actr,Yc lrlrDlo Dr.vl,lc.r of Dorth eril Dolth .aBt of fraq. In

addltLor to tha Aangc! froD Datulal carthguals6, thc aanger

apDlt|cltly lclatca ,.! ooDe ,ay to logct'voh loadlng bchhd thg

ila!. Ihu! tJrc 11* faoa lDduc.d loLselctty Dust for tbo tlloo

balna, ba coDlloari\ail fon all DroDo.cal langc ilaDs lD thc anca.

(2) R&rorAL sErrrtE (rpcArloN loPooRArEr
AND CLII| TE}

8u1lran1yah govclnorat. 114! lD thc ttountalnouB pe8lon

of thc north qast.rn lraq. Bounaarlcs .xtand.A applorloately

ft.o[ l.t. 54o 50, IJ to ,60 20' l{ atra froD t+4o 55t I to 460 2o'r.
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It 1l,cB at a.! iv.raga alcr.tloe of lDDrori.latcl|r IOOO tt rbov.
sca lqrcl,. ?ba Bovcmolatc llcr ltr tro Iwatog:ral&r,a DlorlEoc!,
ihc fo:,d trovlncq rht;h ls oharaotcrkoa by r arrla! of Doltb
r66t - louth ceBt trcaitlng rlalgas, DroglclalTcty baco!.! hlgbc!
torard. thc aotth cart ttu tt cDlt rbnrrt\y .loDg ! Illa riloh
Dalka thq c&ottsenc. otr thG fllrlt giat tb.ruet frult. Ilotrti aad
Donth cart ot tba tlac (t"hfirtt fsqlt), thc topogrsDtlr aNrll
aa ttrc gaolosr, bccoc! lrlr !ogu1s! and [om ooDplcr rhrrc
ruggcal Dountabe alil rrcLatlvolJr Dartlgr OarrJrona aud vallalra al,e
tlro alonheat. tc1l, b.ct lB thc tola l,mvlacr, thctr ala tio
plalll!, th. 8ialszoo! rltit narla-eala-Dltci lrhlBa.

Tbc stnrctutal rlalga! foloc thr cyqloDr.c rtolla fnoD tJrs
t6st to rlar, tbu! oaustrg ! la!g! hcleasc la DrcolDttrtto! ln
the govcrnoti.atc cop..lsal to tha louthqrly aad cantlrl !!cr! of
beq, ttarsa! ala xa6hlou! [l] .

(3) 菫ISTOR工OAL 030■00Y

Du:!.1D9 tllas8tc, Jq:rraaslo, Clctaccoua adil Boolna tl!a,
th6 ar.ea ra6 lubtlogcil, aad s qolliitcrabla thr,cltrorr of larbo
aed.hcltB ra! AcDocitlat. tlrr chanctr! of lcillDsrta 

"!.!lc0 
,tth

d.cpth of tL .ca, plorlDtty to lanA aod qllDatr, but ,.r Dlaaonl-
nalt\r calcalcou!, II{oC f2] . Dlllrgaldllg probabla tlltha of
Drc-crctaccou! ctrata, aaJon dl,strorhLsE bcgsn lD uDDc! clatacaour
illa. Larga acalo ooDplc66toDal DovcDcnt6, cu!.oinataA l!, pl:,oc€n6
aDA lastoal r&tll latc DklrtocaBa ttDa. thes. Do?€[eata ooDDncgacal
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ths ;nesozoLc aaa ca!\y terttat, soatEaDie lnto grcat folAa s.Da

nappeE, ,lth aBaoctateA thluat falrltlng relseA the! aa a ncr lEaA

!aEa. 8y cally glelatoceno l,h6 ptlsaont no?th r.Et-soutb aast

allgrllclts of at!.1ctu!.a 1.B tbe zonc of aot'llal folAlng ras r€11

€stabllahed Erd. cotrsl&cttablt arodaA. Cottllrucd lnterultt6nt
upllft of th. rog!.oB aturlng Dll.stoceno cpoch yarlously GBtlmated.

a8 beglDnlDg ollc rlllLotr to tro rllllotlE,eatrs ago aral cndtrg
approrlDatcly ,OrO0O ycar! ago. thc6c uDllft hclp gcDetratllg

ilceD gorgcs h thc I,"gvlrEs. pau!6s lD uDllft Doselbly elaoclatcd
rlth a 1oca1 ltapreEsl.o!, allored Ra.Eta aDd ghanazoor Dlahs to
bB fr.Uca rlth alluvlur ana b€cod.a a rell-Sradcd Dlalns..f1a,(1)
Ehota tbs cretaceoua scalDeats forEatr,ons croD out cttcnsly€\r
ir the htgh foldE a.DA Dalrpc zolre phJrslosraDhlo troylDoes.
IotaDollrh1c EeAllaltarly aDa loDe lcta[oryhlc-Jglt6oua rrocks alo

?EDecla11y pt'oEhcnt l.a tbc nappe zoDc of fsuLta.

(4) ?ECTOITIC lnD 6rRrrer0nB

Ittr legloaal lnter.ctlo! botwoea the .Arsblan, lurtlB}r
8rd frarlaD Dlstcs dua to the DoicDeat of onc of tho DaJo!
gnogsnlc llcrloA of tha asrtlE ct3retal dcforDatlon haa Droduq€d
a DatterD of drop saatca bloql faultltrg of IlE - STt dlrcctloa,
alil a! a rcsult of thc c@pr.asloDal DhaEos of tba ALDltrc orogeDy

. acDlc! of a ayEDrttrlcal .attollnca a.!d eJrDcltt.r tlqDifhA t{ft -
SB lrErcarlng h erl,lltuAc torald tb, nolrtb c6at seo Flg. (2) by
Bndor, [rJ . rhc fold8 a!6 eoco[Da.doa Er DaJo! taultr rhtoh arc
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crporeA as .ltb.! crcstal collal,sa faulta or cloar srlal faulta
rlth llttla AlaDlac.t€trt6. polatlrlg ra! acooopaar..d blr thrust
faulttnS (nappc zoac). Tbe alfeotlon! of tblu;ts bctlg roqth
raat.

lr.1- Dokatr tta8orvoh and da! slta structuno.
lho Btructurq of thc leaervoLr 1a qhorn ,.! Flg. (l) by

BID|1I. ct af fa] . lt the atai rlto, thc cretac6ou! !oct! arc
folAad hto a syeectlrLcal atrttcllDe. Upat!6a! of tba altlctlllo
16 foLlorld by a atceDly dr.ppl,ng thrust fautt, 600 Ffg. (Js).
thcFe ls Do t'cally DaJo! dtalocatton or fautttng 1D tho Etmcturo
of thc 61t6. [ost faulttng bas taten !1ace along EaJor Jol.nt
dlElocatlon. .Another lblortant dlBlocatlon ls the lathe!
coDfua.al arcd locallzea bloct fsul.tt!8 tDDcttlateLy uDltrcae of th6
loft abutEoDt I,osltloa, Bec Flgs. (4a) aua (4t).

?hc atr.uctule of th6 teEerl.oj.r aee Ftg. (5) by Hrlze f5]
ahorr thc DaJor fsultlng. ?ho d.aD slto 1a on the aouthre6t ll[b
of a 1o!g Ml- SE tlenahg aDtlcllae ,hj.cb forEs tbo eltlcllaal
DouxtalD tnorn as the BcttanaDd Degh. Fault assoclatrd wlth tJrts
trelrsverBe foLd follors the coulsa of thc rly€n as 6tlof,t1 oD tbe
goologlc lap alld geoLoglc 6ectlon 6ee Flgs (6a) aDd (5b). It
crterdg irpltrcaE of tlre ataD arla ,he!e it paggca a ,oDe of ntuoa
al16trr.r'banc€a rttb soDa 6h6arlDg and blecclatr.o!. tha fault lt_
rel,t (lo6a Dot cohttDue undoa thc d6! fourtAati.on. An agsoclatoal
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au:illlaly tbruat fsult tlth a dlaplaceDcni of sboEt tc! Dctera

oD the !'lght abutueDt l! tjlo Butf gre€B uarla FoE' gh€ acgrsg

of brocciatlon aloDg tbe t.aco of t]ti.6 fault ts a'g11glb16'

(5) nrlllrArror oF EE BIsrNEERrMrcEorrorcAL

CO DITIONS

For cvaluatlo! of tba cnglnco!1ng:-geologlca1 conditloDa

of Dokan atrd DerbcEdllolan i1a!6r lc.ults of surfacc anA sub-

6urfacc 6ltc lavcatlgatlona of thc lrock co!(UtloDa, colo9otenco,

\ydtlogeologlcal Blg3lflcalca sjtd Dore paPtlculaaly thc problem

of faults at th. r€asrrolr aP.a and aae elt.6 haa to b6 talea

ln tbc study.

5.1- Dokha! daB.

![h6 dla! bass ls founaGd oa iloloelto. ApPlorhate\y horl-

zoatally bcdaea Ehalc ald llDoetonc hlghcr uD th! vall€y sldca'

llbe l,resoDcs ol llDaetonr ad ilolonlte ulatreaE atil doTratrcoD

f!or! the Aau colstltutca obvlously tihg Doat ltoPortart llak of

l?aLag!. Ihe ,ock aa a [ater1al LE latot! t18ht. Hotevq! lta

DerDcablllty ls duc to faults' Johts ana to lta lDt'nallc

f!6ctu!1n8.

the aet of lault8 anil Jolnte af,fectlng th' AaE Eltc le

dcscrlbrd ,ust la sectton l+. The Bystoe of fauLtg cuttlBg tha

Lcft baDt pcnlnsula agattr.t thleh th. loft abutuent o! tiao

thnuatcA la the Dost dangonous olc because lt corlBtliutes a
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rcao6 of Alrect coE&rutlcatlou batree! Aornatt oa! ard upltroaD,
th16 16 r}\y lt ra6 Aecld.eat to Dake the area Lnto a sol:lal EaaE

by ceDcnt-saaa grouttDg. a-ooth€r EaJoi BrobloD ,a6 that of
aecu.lng rate! tlghtacss ln tho rcaorvotr fro! a gorgc !.irorD
aa OuLncll gorge rhlch ruaa palallcl to the rlvo! at a dlatalrce
of 2 k!, D.o.D.!. reDort6 L6 - 8] . The atqt6 of gloutlag Ie
ahonlr ,.n rlg. (Z) by rattols f, .

fBpounalng of ,r6a6nvo1! re6 staltcd. Fob. 1959. &lt€r
coropletloD of ths ftUlrlg, tt raa fourd tbat qutte 1a!gc quaF
tlt16s of ratgr leatagEa thlough tho roct at the sltq and
dl,stalces pqrtlcularly at tJrc rl.ght baak of t,re ala.u.

ft r.s fould that tbor.e are tro couralq o, lBa.Lagoa,
.U-foan ffO] , tho ftrst at the Oubell gorge 1ocatto! at
dlEtarce of , kD NW of th6 d.an. thelo, th6 rock alrc dol,oll,tr
erpoaeit to the al., anat shorB th6 lratelt of thc !6ae.yo1! lcscDGa
the dololnlte aDd lay oaslly ftait Lt8 Eay aloDg 2.5 I! to Dotaa
gonge thlough [ore o! Ioas opca cracka parallel to t]rc alts od
thc antlclr,ae and auq to lts bendlng offect6.

lhc dolonlte outclops 1D thls gorge at an clovatlon af
about 47O Dt srd thc lrsct?ol! at top rate! level .Dters the
gorge folr abo\rt 5OO Dt. Ih6r.eto!,. aa 6 Eaaurc lt rss A.cldcal,
Al-fEaE flo] to GrtoDit thc grouttng curtala oD thc lrr8ht abut-
Dcnt to reaoh thc coDelat6lably lopervtous oepl, ace ffS. (?).
me other sourqc of l.atagr 16 tho ,.eft peaeasula rhlcb ,o!! tbr
lcft Aa[ abutEsat. !t t8 th6 ahortsst patlt fo! ,atc! to
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polcolatc fron tho legarvotr to dotnatroatr' there on th' l6ft

slde of the c1lff Just alornstioaD th6 aao, a tlott' ot lesg

coatltruouE llnc of cavltles are Bhortl' Eorcvcr tlo l'atagoa

fron thls tht'uat P18nq tas alE,arrent abovc rlv'tl lev'l' tronvallo!

ad sabally [f! . for roDodJr, aD €rtcDsloD of t]rc Srout

curtaln ,aa carrletl out to DaaB through th6 northqru rdSc of th'

ponersula to cutoff tho percufatlDg rater lca].ages flotr thq

!ese!!.oL.. Ia aadlt!.ott groutlng laB a16g deslsneA to Alffclant

partB of the peDotteula for Elte gtr6ngthe!1ng' tbe s'cpago

prcb1eD LDto tbe rtght aDA left abutDcnt contlDuo cv'! aft'i the

D.r addtttonal groutiDg DeDtlonetl eboYe' Nonveflcr anit Saba!\y

fffl frave atudleA the ca6. lD oldqr to plove neccsalty of aDy

ottrer Srout lng trorks but concluatedt the folloulngs !

1. Therc 1E no iEEeallate dangor froD the lealagea tbat appear

f,-ar atay ilotnstr6ae of tbc ilan elther on the left baD! or

ln the !1ght baD& Stroutlr\g 8allcry.

fhc only lDDeAlate aaDger toula bc hlgh upltft DreasnreE

l,! the abutn6Dt of i.he alaD and. lD thc bal&s of tho go!'lgc

JuBt aosaEtrea[ of the dao, especlalty tB th6 loft abutDcut'

5.2 - Derbeldllhan dalt .

the daE ls foulded on the shalo Deobolg of th' Eutf forEatlon

rhlch for! a very good balrler agalnst lealagea qniler tho de[' Iho

lntelvontDg of Bana6toDc ard 11D6stone rr€ rclattYaly ltlpcrvloua

but gloutl,lg sere Dadle to cotoPl etc the aeaL botreell tho Ebalca



atlt thc locl ftU dq!. Ilorevctr th6 cbanacto!.tstlqr d ttro Buff
foroatLor Droseat SIeat ttlfflcu1ty, qlrls tt la hetrrogeneoua

ln chalacto!. Jt conetetg of leaaes of 1lr0.6tone, sandatoDB,

ard ahalc6 rhlcb vatv h chalactettlEtlcB throqghout thc fonna-
t1oD. th6 fourlAat 1o! ln the atlean beA are furthet coopllcai€a
by th6 Dl,aor ahearLng atrd bnocclatloa of the fault .rhlch fol.lores
the course of the rlver ard by the thrust fault erpoaed oD the
rlght sbutDcnt 6IplallroA tn 6ectr.on &., and. Bhowea tn Ftg8.(6b)
and (8). OeoLoAl.c leconDaLasalce Lldlcates thst theac two

fau1t6 haye not been actlvo on aecent t16es, anal have zoDe of
breccLatloD as lnallqatea by the coroB of dr'111 ho1e6 calrled out
undor thg r,lver. ldore lBportant la the fault zo[e 10 - 20 Bt
6lcoutteretl the soall thruEt fau1t. ft 1s that part of foLindatlon
place that rator raa outbreakeil whlch ha''o caused aeyeral- diffi_
cultieg erperlonced durlng cordpactfu:g the coritact 1ayeF of :e
clay core and gTouthg. Saroplea of th16 weter were analyzeal,
CoJrne€t and Belfler f14 hsve 6howea[ to contatn
coBpotD(la of 174-240 Dg/LLte.. Thls rvstet botleved to coDe floE
tleeper Btaata .],tnt the ground rater coEj.Dg elther flo!! aurr.ace or
froE lercolstlolr alue to 1ow head 1n the baaln upstleah frod the
coffc! do.D. The reasoha to beLleve eo are stateal here baaeal on
th6 results by Nonvellle! ard Sabarry f1t r,

1) onrv h18h plezoDete! roadlngs (1962-7971+) rget\e eatabltBhea
at EtatloDs 3LO aiA tZ|, both r6achea the thruat fault
zore alor€ tbo rtght baik abutneDt, Eee llea (A) of Flg.
(6a).
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2) Inrlqotlon of thr obEar:vatloD bglas oD the !l8ht balk

gallcrly lhorca that tato! wlth 8u1I,hur1c odour and

tamc! than ttl. allbleDt tcDDerqturc as flotlDg gut fron

tho obacrYstlo! ho1!3 (r28), Bc. allo arca (A) of Flg'

(6a).

,) lhc tata! oontaln a chlPE of Darls' ,,t las tln'bla ena of

grryllh color., lndlgatln8 thc clo3lonal DhcloDena dunlDg

llcaclvol! oDanatloD ln th. tbruEt fault &onc oa thg rlgDt

abutDcnt of thc aat!. th.nofors thc BuggcBtl'on here t that

thclrc 1! roDc uDttlaaD conncctlon ln the fault zone of

thc rlght ball bctrcn tbr Dhcral ratcr rlsLtlS floo

grcatc! aaDt! ln thq fault at th. rlght abut!.nt a!'l the

!l8ht abutDcDt anil thc tator 1! thc rc6..volr, 1.e., the::e

t! dccD olloulEtlo! ot ratc! or a hyaraullc coDtlDul,ty

betf,e.! ncsatrvolt ratc! aDl[ dcepcr l{yc!. Ihc Blsnlflca.lce

of thla DhcnoDGla tlll b. all6culaoa latc!' lD lectloD

(?Iv).

Lcal.Sa! undcr tha carthQrn qDbaDlDcnt of Dcrbendlkhaa ,.6

vgry tlaDgcroug li.ncc thc aaD ,s6 bullt on roft latcllal of tho

Buff fotEatlon rtrlch l! llablc to bc loourail out ana lt 18

Itsclf tl3o YulDcarabla to thc lDflo. of trstc". Therofore the

chacl to 8qc ,hcthor thc lubEoll coldltlo! lcglon of fouraatlolE

hava changra llnoa tba lcacrvol! fl!!t fl116a ln 1952 lE of

stoolt tBDoltsncc. Corlclatlon bcttaca th. Plezotscte"a r.adlnga

for thq D.rloil lg62-tg7\ aDit tbc rlelatlve lake l'vels aB tc1l ag
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thg plczoE.tgrs lrvcl ratlo, sld illlcharge natlo Bt atlffalaDt
roscrvol! 1cvc1! rsrt Dldr by troDv.ttlcr aDil Eab.lfy Cfr.
thcy havc co[cluitca that sDl,alcntly no lloalon phenoDcDr Ocva-

lopcd dut Lng tbe !!o!c!l'oll. otqlstl,o! tll thc fsuLt zonc of tbc
da! foundatlon or a.DJr lcatagc! o! other unuauaLg cvcntg.
Hoicvctr lt EuEt bc lcalk.d that cvcn hlgh lsakagc! Dlght go

urDotr.ced ln tJr. ab6c!c. ot sn hatagca Dotrltortlg !yatc!.

At DerbclAllbaB als! .ltc, th. Ea.Blvc actlyatloa of
1sr46Llde! !tg. (9) lsDnoacntr qotAcr !!,gnltloant Dot.ltlal
etlglnocrln8 bazarA to latcty d thq aa!. fhla alldr bra loEA
hlstory eally notlccd la tha brSllnlDg of thc ooDltlucttoa llr
1956, rhlch bavc oauacd ttlc dan atcrlgnens to loitlfy thc AtD

a6s1gD. Tho luitc tB ltlll coutlDuLDg uDtlll Dor. Ocnc!.ll,y
epasllDg tho rlr.da, lE s slor Dotlon DoveDcDts of r rotatloa8l
tyt! or. Dore c ooron\r, of cla.DlDg Dov.Dcat! ,hlch sD.ca uD ,lth
the spccd. of laac!'r,ol! lcvcl lorlt iDg. Sonc avrlt.blc lltcratrrrlca
otl tbc 6114! G4 - lql rclc !tuill.i!, aDa\rucat atld vallflcc Dy

tho author clocc l!!D"ctr.on of th. llLdg had lraa to thc follor-
tng conclnslons

The lsDdsl.ldcs trr. dlr.ctly !€1atcA to th. D8r1! of ttrc
antr.cllDes of Bslnana Dagh that ruD! trarrEvcaaally uDstrea! that
ha6 been cut o!.D by alorlon. fn tb.l! iay thc orlghsl1y
stEaseal Darl8 (bchg ln tlc hcalt of th. atrtlolr,nr) are now
unale! aevele alccoelrelsloD and ar. Dartloul6r\. uEtablr. ALlo
the rcsorvolt'thEt ha! boen satulatlng 1OO ot of aallt,o!.bout
18 yeare, clsetlng a totally ncr gaotrchalcal con(tltlola. thua
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rsBul.tca !r en lDt.ualflcatr.o! of the a1!ea(y coDnoa ihsttolEtta
l.E the spoclflc aaoa. mc sltuatloD of unetabtllty ta Eorc
aggravatsA by thg preEcnca of tho aurtalery thtnrat fault at
thc !18ht abut[cDt l!![ldlatsly uDstlca! of, t]to ala. artondlbg
dora the rlyclt bottoe. AlBo that the soila atre rcstl,ng on
stecply dlpplDg b€ala torarit th. aaDc dtr.ectlon, s6e Fla. (g).
the acoalolatl,o! of the prooaBs ut, to the lqpture of natulal
conalltlolrq ln tlc l.oatnlctea alca ol thc aatr,q:.ttr., ,oulit tlot
only cloggll3g of aD htakc, bqt f,ou1d proaluca a Euch !oDr!
darycloua DhanoDe[a t.e. th6 tavoa roula reach uDco&Eoa hlghtg
ad coaccDtt'atea eacrsr that coulal bc Atgastrous fon tlre
lockfl l,l, itaD. Noda flt foulrat for tbc ltEltlrl8 casc t]Et tho
clcvatloa of ttre clcat of the oartoru ,avc geDaratral 1g Slvc!
by thc forDula!

olDar./a - 1.32(r/ {-;d) - (1)

anat tb. sDeea of tlr! wsve aavalco (Horlzontal boopoaeni o!
veioctty (vh) ) ts apprortDataly ,

*hGre

yh. (8d) * r (r)

v - thc uatfqru apce(l of ths Dovlag bouaaary

1 - fhc DartEu.L clavatlo! ot thc cne6t above tha
uldloturbcat rator aul.fac!

I - th. .ocqlelatlo! of glaylty
d - Ibg alatr th of rBtcr rosepyotr

allallrg tool placc at ttc 6i.lit1rig lrca of t,clb.Diulbu
a &arr,.DuE iava ,lll ba gcDclat.d. tlDcc (d) daDth g,

ff 1a!9.

aa! slt9,
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tle lqscrsrol! la .t rsrlru! la tbta placc. llaeibrr. a! tbc

lah body of D.rbcriUlhs! DlatE 1! lltust.d rcll abovr pfcg.Dt

relvu lcyclr' EltchqD f2o] , the r.lD 6torag. capaclqr 1. l!
thi EI,taD lcvclB anil thr aycrag. it.pth of tat.n h tho 9lalDa

rtU lot bq g!.at. l9o.r.forc th. DaLE Ellatllrg e?fcct iE ll-kelJ

to bq thc ylb.atlon of ths ratcF[asa.

(6) EvAruATror oF rrE sErgxrc col{DrcroNs

th6 conllacratlon of the orllell behavlorr.r of coDplcl

Soologlc 6tl'qctun. ls oft6! of a BtS3lflcahce cr1t6rlou a.rvhg

to foruulatc lnLtlal p.obablltty dlstllbqtloDB of ae18o1c1ty.

For ln6taDc! tbe coDpler geologlcaI atpuctur.e lrorth altal Do!'th

.ast ol frlq rhlch Lles rl,thln a coupf,cr zagroa th.u6t belt
ltlc1f raa lcBulta(l by th6 co1lo661on of tho Arqbla!. Bhtelil wlth

thc Tur\l8h-Ilanlan p1at.6u. Thclofce oDa Eay aoduca froE pLate

tcctonlc theow rhloh .rDletD thla colloEslon to orp.ct carth-
quateE loughly uDtfollly Alatrlbutod along thl8 Llns of collosalon

Just a6 .'rorD 1! tfg. (f0) coDDtIcA froo ra8nlts by t[orlroozl L2l]
s.Ea [-81aar1 sld Galr.b L24 .

thr lel,aElc actlyLty 1s ploaucra by dofo!@tloB of Eatcrlal
ln thc cruEtal lalretr ituo to sh.allDg lt!€sBeB 6Gt up by thc pLate

coIl,olalon. Ihe pr€aBule rellef 16 partly achlevod by the fler-
turio ilefolEatlona of sulfacc rocks of tho thlck lqya! of .etilDcntg

lD tha antlcl1E6 ard ryacllnas, rblch Droducc L[ ,!6D!a ca6es a

faultlng al8placeDellts. Thos. laultlng alls!,1acoa6Ets ala oftea
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tals Dlace graaual\r ,lthout ally suadsn blreatB alta cauac an

cantbquales geDerally Dot felt. Sucb cases oaly happeD rhon

fauLtr are of srlall slz6, Eh611oxr anal thoy cut lucon ctsnt

lockE. ttreB. a?6 callcal fault cleep, louttorbact fz:]] , "r,a
Hudaotr alld Scott f2!, . RoceDt surfaco anit und€rgloutra taten

supply r ,,r.rtgatloa chanttqla b Itraq ana frao Arbt{ys.e fzt ,

ha!,c Dlovlaga ldcal na!&or of Eucb t"ocolt slot fsultlDg or

c!!cp aDit !.agloiral Tcltlcal [oveEent. Tha plalttc acforDatloD

of th6 Datctllals dlo Dot havo the aauo rate of flot evetrytheiq,

thuE rssultLrS 1a conc.atratloa of stleas ln celtah localttlas

uatl1 1t overcona the strorgth of thc rocka, and the rqptorog

oogtl!!.

BollGtr talroo placG by caD6 of tb!'ust aDd bleats faultlng
la tba cor.a ot th. .aticlln. o! Borc ultugually occgllonal

crlargeDeat of lhalIo, lault occur ftoE tlEc to tlEG. th16

la cau6lDS 8llahtly f6lt.arthguaLBE, and ln the !s!:t rare

cao.a, autl(LcD 3ha11or fault EaJI bt6rEoct the Burvfacc (?ho

D!69lout phas6). The doatructlvo carthqua-ko of ponJrlD l9tr5,

rss a66oclateal rlth rnface groulil ilcfo.Datlon, .lnUnqveca fZ5] .

ft caa ba concluited. floB thq abore dlacussloE that the

areE unalcL atualy 1s chan6cte!1zed by a certuln !elEEo-tcctonlc

f€atrEos. Thcac erc d.alt rlth Bcpenately due to thelr
61gr!lflcaDco.

1- [ost ealtbquakes 1tr thc area arg Bhallos. Th€ ,,loportanca

cffoct of ilepth 16 to lncreaec the aiiBtancc of the anclgy
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loqncc froD tlrc c1o!!eat clghsa.rlla atnqcture ala tbua

rcaluos Lat.!!tty. V.ry at6clr calthEurlca do cl3lrttal\y
!o ArDagr cvca though thry Da, ba falt ovc! a latgc
arca. Oa tha oth.! hattil oooaaloDal sDalL certhEualg at
vttlr drallo* ilc! th D{y gcn€r.at. a[oBqu:,ou9\r hlSh toqclF
!.atloD! ovc! a lhlieat arrn. For LartaEa the rhallot
!!all .at*hgtret. ( f . tr.Z ) nea! B.an valLly calthqualqa
gavr !.n aooclcrattoB of 0.69 g at a .tatr.gt n a! by,
Faccloll ara ErrcDd& la6] . fUus 1t i! the v€rlr .halfor
aatrthquate a tbat elc tha prllnclplc cauac of sslsaLc

illaastG!6 throughout th. rodA, lltroa thcir ,.. luoh !,o-
lca6c of eu6lgr Ic avall.btc p.r. urdt aufacc alea aDdl

lt l! ttroa€ aalthqualcs o! rhlch ,e Dust focus oqn attgrF
tlo!.

Plastlo il.for&attor ofthq aaterlalr dg aot havo ttre EaDo

ratc of flor rvctyrltere dcperlalng uI,oB atrcaa ald ilepth.
Thus !csu1tr.n8 1a conccrltratlon of atr:oasca (ploaluohg

faults). qtcsc laulttnA ar6 co!6l.alqreal as Locatlona of
futurc f"actullng aincc thc atr,ass.r6 rould t6nd to bc
,r.!,16vcd sLong thco lathcr thaa 1D tbe Eors 6ould rock.
llatl oooprcaslor ls ttengrctt auAaetrtly, a reDovcDeut la
tat.lr pLacc slolg these faults. !.ncg tbc reccnt faulthg
aad ftractu,lllg lD the loct are 1a fact to a lango dogroe

Uhcrllteil fnoD tha Dast fauLtlDg, but Dot thc y.4r gcolo-
gl.cal l,a6t, blcau6e tha furthe! the back ,,n geologlc tLoo
otrc gocg, the Dore trrclcyalt are relattonshtpg to pr669nt
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aaJr tcotorlo Dloccar aDal coDtloB fau1t6. IIclcc for r

bcttor u.natanstandhg of actrDlo oonilltloD! 1! tbc anca

rhlch 1! Eo.t ulctuL to bullillDA co'i!!, 
'! 

to lcattr !ore'

lcgtotr by lcgtol of tbc letc quatclnaly blEto4y of

dctomstton. Allot. (27) garc a Durbc! of ca!c6, rberc

frult ttllt aaloolatco rr,th aalthquale 6 haB beeD chelac-

tcpl!6it by a blatow of asrlr,cr quat'lnaly aDa probab\r

Eolgc.Da illaDl.oaEcDts. ?basq vcry r|cocnt aloplaceaent

rrc rotlvc ori' Pot.Dtlally .otlvc fault.r aE acflD'A by

tha U.E. Ato[lo cDorgy ooDll.slou Shcnatd ct af f28J '
thqt thay havc oDa gt' Dotc of thc foll,otttrS obatactcrlE-

tlca.

D1q)lacaDaat tt o! acat' thr g!'ou t Eufacc at lcaBt onca

la ,5rooo ycsr! o! DovcDant g! ! lcourtrl!8 r'lttu!' t'tbla

thc Dalt SOOTOOO yastr! tg Datc lt raaloDablc to antlcl-

Datc that futu:ro itlaplaccBcat coulal oocur rl'thln thc 1lfe

of a da! ulually l0O Yc!r!.

In.trulcntall, !!aau!ca !acro-!qlsELclW act'rBllte'l t1th

lutflolcd Drcctalor to AcDotrltnat' a dlrcct rGlatloDEllp

rlth th. fault.

thcrcforc BslaElc rltc cv.: uatlon lroglao n'ctl g'o1og1ca1

alal aoiaaologlcal atuiuc! to dallnoata tha actlv€ ot tnferre'l

aotlvo faulta. I! vl.t of thc ab.cno. of 1ocal EoisElc lrotwor'"k

,.n thc !t!a to Ycrrlfy (a) ruovcr only S.ologlcal atutllea carr be

uaad fo!. thla trunlosr. tha calcful altd thorough study of reportE

A―

3-



87

concclallg lufaea adl aublu!.facc goologlc tcatulc! oarrlca out
alullDg f.aslbtlttt stagc. of DoLd! lnil DrlbalAllisr ttat Etto8
antl reacrvolrE ha"! lhoE !o laccnt faulthg aaA thrt crigtlng
feultlDg dla lot b!a! cylatlncG of l.c!ar!a loylDcnt. Eotc?lp
fcr fautt. Elt.a t! thc foothlll. fo1d6 of Ztglror thrult h
SuLhaDiyrh goylrnolatc a.ud aajacrnt .roEs, trla. (U,) by
ADblaysc. fZl] fravc ba.D r6oogalzcit as b.r.!8 .ctlt! f!o!
1nd€poad6lt gcotoglcal sad .qtrDologlorl avldatcc!. gtttoDg

calthqualc6 fro! tlos. rottvG oaatrlr csa tllggctr roell dh-
DlacoDent! oD othe! uDJrclstcal laulta la tha r!!a !a.a!r LlloDct*t
allatalco. For lqrtaDc., .1,:.fca fz! ha! loura toD 195g Bolgo
DouatalD calthqua.kc ta Calr.for:nlr ( f r 6.4) had trlggcrail aDal,1

allptac€E.nt (fo - 20 @) h th!6q othclt &dcDcnitcnt ,au1tr .t
illBtancoa 450fr ad 70 k!.. f!o! th. qaurltlvc ftult. A! !o!t
of tlE calthqual.s l,I thc foothllh folala of ZagToa rlr lhallor,
hclrcB thsy at'e torrcC by clastlc !€bouJrd as EoEt aalalologllt
b.llovc Bo, Louacrbact t2r]. HcDca th6 rh.rctrt Dg cffcqt lboutd
bc glcat n"at ttra lault alA dso!.caac airy floD lt6 !u:!facc
locatlon accolallDg to th. follorlDg folDulat by Houlncr f2El

a - t2:o.o.8r (n * e5)-2 - (r)
v . 15 cr (R + o.lz .o.59r) - 1.7 _ (2)

rha!a
a - thr g!.e"lt!r aoqclalatton cq/rco2
r - thc STound ycloclty cvaaa
R - Thc focal Alatqrcq to a gl,vsa Dolat o,

tnt.r.at oaltra . .tatlo! (b).
In lespect to abovq tro forEul.!, thc p€nJrh 6a!thqua.L!, (.rub 19+6)
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irhlch wao alDo6t ae6troycal tbe vtllage of P.nJtlD 100 k!. 6outh

cart of Dolan, but oDfy shaoled houac8 atlil cau6.A Pootr fall 1!

DokaD, although ao alenaSo tas oauaeal tlrcrQ o! rt gultlaatyah

goyerDor.to 50 tn. floD ttr. cDlc.!tcr.' ftffotBoD t OJ .

(?) p croRE EpFEsrrNo rHa sErsrrc coNDnroNs

For fuU ovaluatloa ol acl.alc har.ril conaltlona at ibc

ataE alto6, .ffoct of cxlrtlDg geolo8lcal anat cDglnagrtlDg factorr
at thqsa !lt.s ha8 to bc taLsa ln conBlaoratloa. Ibc6a are

dealt rlth a! lo11ot3 r

Effoct of the cf,latlns faulta

Tha Brcaonco of gtructural hqtrogeneou6 ln noclr Daaa,

Daltlcufar\y qaelcnt faultE tDtluencc thc or!.catatloD

ana valucs ot cxlstlng stregaea. A conalaoaqbla d.la-

conrtlDuous rc-AlatllbutloD of str€a6 tatcs p16cc ln a

fault ron6.

Photoelastlc atuaJ. of cnack uniler atlcss by Ozovaht

pleaented rD Frg. (12) by Nlkolaev f:r] "uor" "oo,
.edlatributloD rlth alecroasg and lqcreaae of EtncsBca 1Il

a zotrc of a crack, thlch ls g"catly dcDotra oD tha foro of

a crack and oD lt6 orl,clrtatlo!. Illth refcrarcc to tho

o.lcNrtatto! of the DEJoa at.osBes. Early rork by T !.lla!.

f IZJ fraa ahorra that the hlghggt atlcrs alounA c!'sct la a

heaal of aEd 7Oo to th. rl.8ht olr Lcft of ltB ctA. ft 16

ln th6Ba rc8loD! that EarlBu! 6!)arry 
"a:,c66a 

rhoula ba
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crlectcil when strcBs t! appltea. If thl! Lno"teilge iB
applled to the atpuctural cond.j,tlotlB prevalllng lD the
actual faul.t lu tho aature, lt youLd be poa5lble then to
!.ca11zc the cffcct of fault prieaence on ttre lncideDec of
tteDora 1n e Dartlculrr a!oa. Fo! iDstaDDe, Aland flr]
haye actualbr foulil thet the off-fault areaa of hlgh
Etraln etrc!'gr of the l]th1t6 Wolf fsult are a hoad ana

?Oo to thu rtght or left of lt8 erd. thc htghest
stroBses alue fault iltf glvc t'lse to condttlon8 unAer
rtlch selsDtc actlvlty ls llkcly to occu! rhe[ fayourable
engln6et'1ng condttlons iE erletlDg ln'the vlclEr,ty of the
tault, Xa6hkour t54]
A suBceBttble Blte of fault effect i,r thc a.es undcr study
ls th€ arca of taul tg lntel.soctl.on at Derbeldlthan d.a!
61t., ace ar.a (A) of pl8. (6a). Ihelr, tho concontra_
tlon of Btn€ases due to the BuperLbpo6ltloa faults
lDpactlng oD cach other ill.l gtv. lla€ to coldltlonE
undar rhlch a atraln oner$r releaee Bay occur, ,..e.
ael.sDlc acttvlty sDi! only ln the prsBencc of a ttrlgSgnlng
attee6ca. ErlBt.ncc anal cffectlvoness of such trlggerlng
atr\eB6ea lD the aroa rlll b. allscusecd in VfI bgl.otr.

Btfoct of foldlpq
fh6 partB of NB of Iraq Llea ir.tht! tbe toctonlcally
eoblle t"eglons 1n xhtch grc6t thlcktess of 66iHEerrta a,te
folaeA srld BubJected to tufforent klnda of holtzoDtal
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:e!r6e tectonlc DoveneDt6. ft 19 poaslble that lnhelent

Etreaaea are 6t111 exlstlDg h thcse foldlng ihlch nay

.xdeed gcostatlc strcasea (vortlc61 att'essca aue to dePth)'

Ttttr,ch 1E a contlltlon of tectontc Btresse6 generatlDg atr

eanthquElre s, aE tae Dotlcedl ltt Doat aelsDlc actlYe zones

of th6 6arth' Haet Lrr '
The tate! loaa ln the h6FIy nade reaervoir of Doka! aIIa

Dorb6ualihan can be of a trlSEorlDg nechanlgnl fo!

Bt'evlou6ly hlgh accutnulsted elastlc ene!8y ln the fold

slte of tJle alan arld !oBe!vo1!. However a polnt la favou!

of Dokan Sorge 6lte 18 that the aDticftre conoeued is

coBparatltely gentLy folded LE the regloD of the aite 1n

contrary to Derbendlkhan tls& alte. Thls retluce6 the

Lile1ihoo.1 or ille po8slb11i.ty of ahocka orlglnatlDg at

oi DeaP the Dok6n d6m,

ttt- Befcct of ground type

thc lnfluenco of 1oca1 gt'ounal oD earthquo&e6 lntenBlty ls

the ftnal eYeDt of a conpler proPagatloa Plocesa ln ,hlclt

aoulce oechanlsltt aral transnlsslon - lathE chalactc!18t1cs

constr.tutoB the Bl'eceealng 6tagos. Th6 aolEnlc o8cllXa-

tton are propagated fron focua to Btatlon along dlfferent

paths. Pecullatltlee of the nedlun throlrgh thich sclsnlc

rays travel tLth r€ga.A both the ela6tlc propertlea an'L

illscoDtlnultlc6' aBparently produce dlfferent terna of

grouna oaclllatioDd. lthen thc shock waves travel thlough
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rocl, thrlr veloclty 16 rolatlv61y hlgh rhlLe thoitt

all,lltuae lB Lor but a6 thoy nove froD the bgilrocl to the

ovrrlyiDg lo11 arrd thclr aDplttude lnc.eaacs thLoh glYe

Dlac to a DtioDor&ccd rl.c 1l latcnstty. Th16 layor caa

ralr€ salaDlc lnt.ssl ty only rher lt coDslats of loose

alluvluD o! 6 !o.t baso, Icdvcdcy ffal . fftf, Ucreaslng

thtcLacs6 of thc lay.!, peBottanco Drol,crtlca lcaitlDg to
ar adatltlonal thr€o to fou! fold lnc!€as. lD etrplltud.c

ett. r!ar!1tc6toa. By .xtlcnlD6!.t, Ezlo alil Rseadlz 26

a6!t1oa6a that Beisolc arpllflcatLoas lssgutctl frot scla-
Dognar of a BelaDlc BtetloD locatod, oa a conoollAatoA

allwluD ra6 ael,cpal tlDca greatc! tha! th6 alplltude
heasureal fo! aaDe earthqua6 solaDog?a[ recordGd by a
Etatlon locateal on betlrock. therefolte lt can bc concludett

that htAh selahl,c tDt6nslty lE 6xt cct€dl at ala& sltc r,ir erc

,cathcrcd locks of BrieLl thlctnoss of soll coverlag lock

ctlff. aldl vallsy8. .AIBo hlgh lates of aelsElc tatorottr
are crpcctaal at thc ghar.azoon antt Banla !1ahE rhole
conalAcnablc thlclncsa of alLuvlu! baBoai oD beallock, 6oe

sectlon r.

Re8crvoh llralucadl s.ls[lcltv
Srasll carthqualca aasoclatcd rtth srtlftclal la.EcB rcra
a:rplaltrcil 6s auc to the gaaalng of t}lc rcaotrvot! baaaEeBt

cauaeil by the load of thc rate! alrl .ubrcqu$t cltu.tal
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qdjuetoents, ia3tct'gaala ald AdklaB f37]. lAvaacca to

thLs l$rpothcsl! ceracr [!O] thought tll8t raicr load

riactlvatcd the l,la-crlatlDg fqultr la tha !rc! of LaIc

llcad, Nc"aih, U.8J. ltrc cleoct ot fluld Drcrrula oa

slldlng o! taultr or Jolnt. l! obvloully ot graat llDoF
talcc. Ihc crltcrla to! !11D rould bc ar follorlt
ira6ger anil coot ff9]

lTl. so + 41((rn - P ) - (r)
T - gtcar ltrc!! acrolB thc Dl,ena ol fault or Joht
go - ShlEr. st!.ngth
/l - Co.fflcl.nt of lrlctlon

{ - *" tlorDal atraEa act'glB tha D1aD. ol fauft o"

Jolat.
P - F1uld D!q!!urc.

llle abovc forDula ahois that tho !bca! ltlcDgth of socLa 1a

roLated to thc riatlo of thc sbca. B1o!g thr faul.t to thc nolDaL

effcctlv. atr.rsa acroaB tho lault Dlaac. fhc Doroal rttqctl?t
atieos ls .quaI to thc no.Dal !tr!!s [ltlus t]r. Do!r. Dlalsurc.
WheD th. por. plea6ure ,.ncrca!q!, thc shca! ltrcla alocr Dot altcr,
but the offectlvc str.la tl!cr.a6c! by thc laDg anor,rrt. Thcrdgrc,
the latr.o of ahear to nollEal .trrarar lnelcaaca. ff lioqla arc

uraer an lnltial 6hcar ltrcas, a6 t! gcngral1y truc, aE l4clraBq

ln flula pBaasure can trlgg.! !hca! falluna ara causo oalth-
quak6s. fhe theoqr of cftoctlvc atrale has bccn tcltcil clDctrr-

Dental.ly andl denonat!.atod ln thc Ga6c o! flulA lnJactioD undc!

rhere
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Dra!.u.n. bto arlD rcll. tt D.avc!, Eyrn! f&o] , *a n."s.tv
oilflrlA, RBlrlght f4f] . f,oicr.!, ln rott ot tJlc !r.s.!Tol!a,
lmluAllg louc rcrlr lu.gc ona, no a.llDlc lotlvlty haa bcaD

obratvcd. It l! brllrvca, trharrfo!. thrt aDcohl gcoloStoal,

!n{ hyatlogrologloal conitttlon! rr. lrEullao to! tha tltgacllag
ol .althqudr! of cD8haclltrg lrDolt!,loc. Ibala ara Aaalt ,ltb
hrt|r aur to th.lr lDDo8tre. ln lrDlahlag Do.slbts lDatccat

lclcrYol! rclclr,olty la tD6 .!...

Coupltanoa of lclrnvotr bssalant

trollorhg lDDouiillctt ot !.aaarvolr, tha ttcao!6 occur
urd.! alEolito gaologto.l qoni[tlora ody ald thc butlatrg
of AlE ilo.! rrot alf,qy8 l,r,oduor cartl-tlcuora. nothc fkZl]
altad tha a&rDlc of th! gaprarl,orcoD atqr ia thc Flcnch

^lDr, 
rtrcrc tla .ltlftol.l llta l. aDthely sltuataA on

r flarlbla t!!!alD .ltu.trd by b.ct lolt tu ,blch ltrelass
,rrc urlllrllr to b6 aoou8uletcat. Fo rrllthquaicB hayc oocu-
lrral la tLc lcglo! toltorilg na!rl|.vol! hpoulittng. Ilr
coDt!.!t to thta .ltuatlo!, th! forlr da! (I!dla),
lrraryor,! rhlob 

'i! otr Dola ooEDctaut Dllslt fLors, ,h1ch
coulA hsra a g!t't .lotlt ot t talt acltllc 

"!c!6r ltolaA
ln theD !l!il thc cn.l8r t! rcrdy to b. t!,lggc!.cd by
lr.ltr7olr lDDourdlDA haa tctull\y rhorcal rcsclyoh hatucca
t.lutctty, ouDtr .t .l f451.

Hyarrul,ls conttnutty
lhc naoculty ol h0.dnaullo ooDtlnulty to atcepc! laycra la

B.



taaluclDg th6 oartbqualeE 1B the loseFvolt arcaa hea bocD

deDonrttrateal by thc late Icad and thc Dalo crqrglc

car:tfcr L&O] . Ia tJlc TlrSlD - Dctrltal ba8lD of Lol(o

Icad, tbc hyAlaultc conthulty bett?cD thc !.actlvolr

ra!e! alil ilcoD.! lqyc!6 1! lrobably bsD.it Dy hllclvt ous

rcry thlct acDo6lt! of .att ald ohv. A DuEbcr of faulta

rtrlch ara D!6acat b.acath tbls barla, rola Irrobably lot
acttvatoA ln the ablcn c of trydraullc coDtlnuliy (!ote

that, the c?fcci of rtrcas alu. rat.n loait for frtr.lt

lcacttTatloD ca! lcach at at.pth at[,DorlDatcly thq lcear-

volr rlath, ooush f44] , saa oough f45] . rbc !c18!lc

actlvltlcs ot tho laLc lcaa artqa ts loBt1y oonfln.a to

tho Boulaor basltl t6r. aalt itcpo6lta havo lot baclr fotrooa.

StELlarly hyd!'aultc contlnulty to aleep€r 14ve!B haa alao

b.en loferreit 1!r tbc caaoa of f,oltaa (f!ala) ,f,a!'lba( larbla-

Rhoiteala border ), and trrc[alta (orcoce) macrvoirs' all

of rhlch haye shotcil 6clenlc actiYttlcs' Halab anA

nastogf f46]. At thcsc aars altca' tJle p!.rcDcc of hot

!p!r.!rgE ta an lrdlcattoD of th. at eI, clnqulatron ot reter

1... \ydraullc cotrttnu!,ty. Uaually roeelvolr iaduced

Eelsllcity alc bcBt aa6crta1lca by E aol6olc letrork
adcquata for app!.orllato looatloD of th66a 6D411 eventa.

.f,E far a! thc ael8elc atu4y at DokaD aDd Dclbeliltrhar

rcsorvollr aae concc?nealr thore la Do auch aEall ga1lolc

Dctrort. ltctsrtblc.a aB atteq)t to prove lrsorvoln

lDauc.A sc!6Blclty et D€rbsaalkba! rese.volr 18 attqDptcA

here !
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.l,t I P.X' nov. 27th, 1971r therc aelre thtao alarDhg
ehocks rt Dcrbetrdr.khalr da! rl,tc, .l,L-IoDa! ct a1 L47] , the
ftlst shoct ras th€ ltrolgc6t antl laatea fcr Becon(ia arA ias
follored by tro other lhocia of 1cs6 ainonSth ald aurat lon
at olle Dbute ana th.ee dlautea fron thg bagtnDtng of the
flrat 6hocl ros9sct1v.1!'. the htstralty of th€ csFthqueLee

!re!a qlllnoI,r due to l,ack of aelBDographr 1a the atrea, but the
tnteD€1ry of the ftlst ahock {aE of a sulflcl6trt streDgth to
aovs ta11 aaal causedl fal1 of ortraEeDtE aDit fstl of tio roofs
of tro houaos located at 1.5 h. dlatarcg froE tbe daD Blto.

thc aDs11 EicroEcloDlc zolre of thg tctEor ls cvlAeDce

of fe11-otf lD Li6 cDcrg, rlth illsteace froo tho eltconte!.
For craEple lt can happea that treoolE folt and ahoel the AaD

aDal cluac cnact, bUt not fslt bCJrond tbe vlLlago bare\r of 1.5
tlloEater allltsrlcG fr@ D.rbenilltheB daD slte. ff the focug of
thlE taeoo!, lqy t! the 

"tclElty of DclbglattDa! dta6 ar,to at aone

aleDth ar6urcA 5 b. lhc l.Egti otr tbc Dati frola thls focuE for
a plaaa 1., b. (1... DcrbcDatthEa vtllag.) rould bo onty about

5.5 k!. ( !i ). thlr 1r a rar? lttttc gttcatq!. tbaa thc dtltaDoc
fno! tha foou! to ttta atrt 61, t! ( l, ), rcc fla. (1r). thl.
!a.ll Oltt.lcaor ,,D th. D.th lctgth tltrrcllca by thc ,ayc8 o!
tba lrctor rould lot ba ablc to csuaa thc dnoD l.u tha cactEJr.

&a .!.!ry ibgD oblqrrrit la, horovctr JuEtlflcd for ahallo,
natir ( ra ) ana ( ri) 1... thc local tu.t.ncc filoD thr its!
lltg luat bc tlary tl!c! l..s thaa that f!o! tlrc footr! to tlr
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altc of D€rbcDalkhatr v1llago. Ee,lee thoy altc a tory ahallo,
focus sarthquakea anA nost 1lk61y a rccorvolD hatuc6d ahocts
tltan due trctonlc Doy6aaDtg. thl! LB rtDply bccansa a ,ctry
ahallor tectoDlc carthquala Aue faultlag producc caolEoua

anounta of.nc!!o/ of a deya8t1v6 latqrs (Facclolt anat

neenafr fe6] ) Euch Dora tba! rhat re had crDa!.t6Dcci! dut,lDg

ihc abovo dtlBcuased Ehocks.

ft l. bolleved a16o that tho thleg ahoeLE ,orc ollgl-
natctl at th6 aatr altc, aoEclhoro lD the area of tlc rlght
abutDent of the da! foa tho follorLng lcaeona t

the rlSht abutoettt tr a hlghly ltre.eeA aus to thc fau1t
lntolgcctloD , lsc arla (A) of Fig. (6a) anat the au,scusEton

ln sectlon 5.

Erl.atcnce of a \ydraullc cotrtlaulty, se€ auacussioa of
scctlon 5. Both factolB 1 & 2 are favourabl. .Dgllcorlng
coltalltlona for les6rvoh loduced Bctalil,clty.

That the only llght abutDeDt aaa the ntSht slite bod, of
tho atao ras affoctoit by th6 thi.e ehock.. t,or lnotarlco
there 1/..s roclcl"a-1.I in the rj.eht ehutt .ltt
61opca. AlEo there ra6 onlargoEent of tho conatruction
Jol.nt6 ln tho CaDtl.lever portlon ot ttle sptllrqy on th6
upst!.ah Bid! (5-5 Dti at thc tlEe of the carthquakc),
openllg of tb6 plpe fenclDg (g-to &E), Dlao! cracLl.rig
and spelll.rl8 of concreto Ln thlB lortlon. ltorlzontaL

B.

c.
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cractr rerg ob6gr"ed La thc vortlcal ra11 of, ctalg

gallaty, Bl-Yu€Bf eDd Jf!da:. f4S] .

RecsDt aehuiclty lnvestlgatlon of DcrbenalkhaE alca

carrlea out by 'Aya! f4, u6fng loltable threc coopoDont hlgh

galn short pertoA EolaLog:raDba havc Irloroa lnduccil scllolqlty
at D€ribctrd ltha! regervolr..

(8) DrsclrssroH ArD coNcilrsrors

Th. thornugh cvaluatlon of th! oelaDo-cDglnc€llDg 8eolo-

SicaL conaltlons of Do&an ard D.lbenaliJrhaa da! sltes and

rtaorvolrs has load to the follorl[g naln concluBlola t

i" Derbendllhan dae ls sltuatod lo a relatlvely utfavotllrablo

olgllcellng slt. becaua€ of the faultlrr8 coutlltlon anil

the 811dlt!rg probloD.

2. Derbendllhs! dae typg aa a rockflll ault ouch ttre slte
conaltloD tltan corclet6 t.!lp6 of daD for th! follovlDg

tr6eaolls:-

4. thc hetrogcleoua ad lclatlycly Lo, strelgti Ehale

ocr[b6r of the Dutf foBatlon f,oundatlon rock bear 1011

rockflu ila! than conclct. tyto of d8D.

B. Duc to the frcquotrt natural ard lnducoil neag!?ol!

6c16Di.clty ,.n thc a!.ca, tho t€ll deslSDedl attal conatructea

lrockflll iL! of Dalb€ndltharlr although ALElocatc Dor.c

th€D coDclatc aao by ohocts rayea, but 8.aora1ly hava the

capaclty to eaJuat to [1Do! AlBplacoEeats rltJiout falluL€.
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C. fD tbg Barthguato regloD of D.rbcadtthaD ilaD 91tc
tlth faults the poa6tblllty o? fault lloygDeDt crlats,
!o Datter xhat the lr}elj,hood Dqy be ettrclcly sDall.
At such 61te lf fauLt ot! the ertenslou of thc foull_
ilatloa lault Al6p1ace6, the daE Bocttono oa opDoalta
a1ac8 ru.l bs offsrt b. the saue gcncnal aDouDt aild
ili,loctloD as thc tault atEplaceBont for a rock-flll
dat!, thc Daln Doteatlal hazara 1o fron I coac6lttratcal
l€st developlrg .uda.nl.y aloDg th. lupture sqrfaqe
fgrucA 1! the ttar. It!. hazaiat ca! bo .lLDl.aateat by
Dnovlsr,oD ol a dcqqat. 1nt6!Tal ,onllg to coDtrol the
lealag. safcly. For coaclcte da!, a fault lov6Dcnt
car brcqk th. coatact betreea thc daD atit thr fouDitattot,
allorlDg fu]l ul,llft Droasure to rct urlalcntreath,
rrduclng thc sheallog naalatalcc aloag tbc baaG anA
caualng fellure by 8l1d1Dg o! thc fouiilatlon of tho
Scacral tyD€ rhlcl rsEulted 1l thc Alraatcr at Ftlqlota
dar l|l ti.c aouth6rD callfollla 1! L92g, trDl.tlar f 5OT .

Xonltotrlng aad Etablllzatlon of thc roc& alldc at DlrbclF
dLkha! ala! er.to - fonltorlng alta ,reAlctton of tbc sllaa
llltabtllty caa b. Daae rltb D6tbods ,hlch lrlTolv€ thc
DcaatuleDeDt on Actoctto! oi dlBplscaDc[ts oa tho nocls.
Sq.yeylng Dethoda piovlalc cheap aaat rellabl6 eeaDa of
Aetocttng Do?atloltts. liorevor, erroro a€soclated ylth
thcs6 EovcDcnta Duat ba,lthln aocoptable 1!.&1t6. Of thc
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aulvayhg itratt'urcnta, thc clcctlo-ortlcal doYIceB of,fer

grqat Bcot)c fo! futu!. lnvostlSatLo[s' JohD ard thoEas

f5f] . screnfc taehrlqucs havc also bcon fourd to

Drovtdc aatldactollr r.sul.ts, lfllsecalv.r ot al L5, . It

ls con.LiloroAr bof.vcr, tbat untlL furthe! tlevclop[enta

ln thc lntorDlrctatlon of thc aolsDlo tcohnlqucs hav. been

achlcvcd, thcl! uo., at ptlcs€lt r rboulil b! cotrflEca to

couparhg tht !.r!uIt! obtalnaA froB allaplaccDent Eqaaule-

D.ni6. of thc Ytll ou! DcthoA! thst ca! b€ uasA for

6tab111ahs .n unatablc llollcr al|cctllc allalDaSo 18 th€

DrtBrly aprnoaoh. Ihc us. o? $tlf1cla1 stabl1lzatloD

tcchll,quca Eucb aa :!ocl boltlr grout. or rctalnlDg r611e

Dlght ba consldcpod .. ar altofiratlvc or co&91cD.at.ry

to othc! Drrorutlor!. lhoughta oqy alEo bo glvln to the

Dantl.l o! tha cobtlctc !6Eo?al of tbc uastablc loct DaEa.

Econonlcrl lED11c.tlons of tJrcac sltcrnatlve courses of

lctlon [uBt ba congldelea bcfolc aw acclslon on atly one

or Doro of thr6c trchnlqueE aro natlg.
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ABstNAGI

Ia Dalt I of tJrt! rorlt, IaBhtou! fl] ' lt has b.!D

coaolnatcit that both cf,lcctlvc DatrEal aDd lnduccd .nrthquatea

ale coEmot la tlc Suftoallrah govcraopatc, rhelc .rlstlnS
ilaDE hav! b.cr to a crlltaL! ilagrcc E factad by tlrcE.

tb6 prsaclrt nBrt (De!t 2) afcd8 ri.th thc acsllablltty
of lBrtel,llra tclallo l,Batlur!€nt on atrd Dca! thc dara.

iccoli&qtrAatlon ot rlrrllu[ lastrulott lrcqullc&cnts to coyc!

tro tJrIEs of calthqllalcs proD1c&s ale rrt)lalncatr (f) locaf
BcllDoglatb uetroll fori. dc'"oELu1r€ thc local lcllDlclt\y !.Dil

(Z) Strong lotl,oB loccl*oglapha for loqoldug poteutlall,y

d.st.uctltta Aroulit rlBcttng and resuLthS ito! ylbratl,oDs o!
tL& relDoaBc to ra"thqualc .

t 
DcDartrosnt of Oeolo&r, Al-rruBtaDllrlyah lrolvcr.atty
Baghaad ― ェr● q。

-4.1-ltu8tansh1ysh .rou!.nal of Scleoce, Vol.l+ No.2 (1979)
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(r) rNleoDucrroN

te!,l ltatsctcA dla rcculst.ly loc.tcal !trall canthquatc8

aric lrportrBt totr iho toral tcr.lrlc avaluatlon lE thc arsa

lrlllc! !tuil!r. thagc aDall cartheualq! !!c ottanly cacape fron
thr .taaalal0 loDg DarloA lclrlogTaDb! (talc-rclrllc Detrolk).
lhalefolo ,,t 16 rlecntiql fon a local ahant ,.rloA lcr.lDoglaDhs

actrort l! ttrc SuurlaDlyr} goy.rnolatc to bo dcsl8uld rlth
.ultablc aou.lcc/ltatlotr gaor.ttr.

Dol8.q ala DrrbcDAltbaE aaDq relc cctttalDlJr hsyc rlth-
atrBilcil a tolgcd horlzontal Bbatlag Dotloa, !t thelr foulltqtlo!
rhrlr subJccteal tq ratrthquataB coD.eoaJ', occuna LD thc vl.clDtty
of the atructule. thc ltdus.a vlbratlots h thc Etr.rcturc, rhctro

by oDly lrEq1t6 atrc Dolalbl,a alscodort of llhabltatt! or !o!re

ti.noa ila[agc of sccoldaly alcDcntg lay oocult. Hor€T6t, Dorc

than otten, tltc lDauceal .althquatc! 
"lbratlonr 

la tb€ 6t"uctute
rsy rl11 takg tt raU lDto thc tloullllra! o! h.Laltlc raagc,

learltlDg la DcrEeusnt ilaDage of the et!'ucture. rf structulal
daEagc ha! occurtell, thcle 1! ao r(y rlthout thc re6surer!6nta to
coDpElc bchavr.ou! rlth dcstSlr carthquakc condltlons, to eatllate
Dorfornarcc fo! oth6r, DclhapE lhoctB, or to Dako ratloDal d.eslgn

acclalons fot' lcDalr ald rtlcDgthcnlng of, tho att'uctur.c. ff no

oDvloua dalagc haa occured, lt IE ataflcult rlthout EaaBurcD6Dts

to tlaclilq on tha eitcDt to rttlch claboaatr and 6xl,cn6lve iaBpec-

tloa oDclatloD! lhould bc cstrrlca out. fhuB lt follors tho aeed

tor sultablo reconaf8 lDstru[cats 1.c. otrotl8-Dotloll acccloro-
glaphs to &caaure th€ !6v6!Lt!r of .arthquakc grouna! Dotlo[ and

of tho d.! llsponsc.
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(2) srrsllc rlsrBurElrlAf rotr ( oe[mrl, )

nr6 lDatlulolt uscd by lsllaologl8ta }ava brol cal.erul\tr
dc8l,gDcd for th. slrootflo rc.aaloh 1at6!cat of gqoDhJrltcllts.
t'bl! hls rcsultait ta itcvlccs that atrs urlul.taDlc fo! Ahect
cDglDcerrllg apt,lloation ton the folLorhg ler6orsr

tbc a.l6[o],oglsts Ac8lrrar to !.ccord sDal1 catlthqtratcs
occulrlng et atlJr polnt lD thc cqrti. thla raqulrcs
6oDllstlIo bstruDeat of htgh Dagaltlcatlotr. A stroag
aanthquako Dear thc lDatruront rl11 usuaUy alsDlacc thc
rcadlDg ol? Ecqlc otr Day evo! d.aEago th. lnatnuDelt. lhc
aDglDqoro icquh6r a luggod doylce that u11,1 acculat€lJ
record. th6 heavr.rat ahocts tD thc ncar vlctnlty of the
tlrrtruEott.

Sl,ncc a atuqt of thc lnternal conatttutlon of thc carth
baa bce! s Drllar'Jl obJcctlvc of 8elsDologtst, hj,s
llatluDelts ar6 touaatBd Lf posslbLo oD rol1a coadltlonE.
thc englnco! rlahes to k]lor thc grorud lotlo[ at thc sltcs
at rhlch .ngltrrcrlng ltlucturoa al:s located, oftoa o!
thtc* aUuvlur or at locatlo[s otbcrrlao qultc uDsultabla
fo! selsDologlcal obset vatl,onB.

trolr sGlsDologlqal lnv.stlgatlons, aocrrltc absolut. tlD1Ig
of, ravc arlltal tlDa6 t! cgleut1al, ,harcag th6 Deagure_
n6nt of ttue glourd looti.on ts oftea of Ltttla lDl,oltaDc6.
The cnglDecn Aoc! not Dccdl abaoluto tlDe, but tlluc 8louDit
Dotlon Dust bc sccunat.ly krlora lf the .ffects of tttc

(2)

(う )
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carthqualos oD atfuctuE alo to ba aotctBr.!6d. tbur tt
,11I b. 6cer that th. fuaataneDtally itt*Ccrant obJ.ctlves
of tflo engln€er ,111 rcqulro a baslcal\r altfolteat
laatrulentatlot! than that aeeaeA for selseologicsl 8tudlcs.
ft 16 not i.Dl1lod. tlat the clglneen do€s uot dcnj,vc l&i0oqse

beneflta aroE thc actlvltlea of the selqDol,ogl6ts. ft i.s
froD th6 selatrologlat that the englDeen lcarla of t.bc

iustrlbutlon of BclaDlctty ln tIBe ard. space ovc! tbo earth
ard thu6 caa e?sluate at aqy glv6a .tte the probabl,llty of
ooculrlclcc of carthqu6tc8 of verlouB alzcs. Thelofore
thele ts a need for tro tJDes of tD6truDcatatlols ana
theac alo Aoalt rlti a6 follora !

(3) L00AL SiORT PER工OD sEIs■ lc NE口 wc□К

St'lsllc cvo[ts ilcllglated for th6 sr,cs fo! thc Dgrloil
190O-f976 ale tab16d la Tablq (1). tteeo at.c usuallJr col,l.otcit
froD th. buLlettn of varllou! lDteloatlonal sclslological
agencl€s, but thsy ate too fc, to glvg ad€quatc LDdlcatloa of
lcal 661sD1c1tJr h the a!ca. For I!aq, tbe Dubli rboa llfoti_
Eatloa t8 uaualLy llDltcd to certEla eagnltud€. thlE caa bo
lrlfelrcA ycrlr rclt froD the flg. (l) for tbe aolsDlclty d Itrsq
(1900-1971) 6ftcr Ataraasa! [rl , fn 

"htch 
the Blopo of s

str8l8ht the glves thc r6latlon bctveen the logalltb[E ol
!n!Dbe? oa earthqqateB rtth thrlD respectlve Dagnltuac values.
d-raeaa! has Dotlcea thet the Dr€auctca est thqua.ko of 4.5
&egnltuilo 1o 50, but thc onea foqfit lD the ayallablc pubtl.sheaf
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ileta ls 1,8. EDaII .althquatc! trc lDDortant fo! thr total
selsll,c arEluatlotr of thc stt!.. lhey help to tllld rry lllrtloa
b.tracD tbch. occullcDcc lna thc occur"cncr o, thc lssga a.st!_
quaf,c. !h1! 1r duq to th. fact tbst largr sra !Esl1 .arthque.kae
probablt dlans thc laEc toctorlo cluacs, a,la om lay laaln about
thc ltrlcsscr coDaltloD! lcal,oDaiDlc to! larga crlthqu.Iq! by
Btud!.lDg !Dal1 but au!€lour aalthqua!.a.

gBa1l aartbquslcs rlut Daglltudc lca! than (r) rlio ad,lca
Dlclo-aarltbqua.Las urd thclr lrc qultc ooluoD la thc rt.sa rs
lndlcstca by lrcclt lcllrlclt, ltBdy bJr .Nrr! fZ] . mrof
uauelly eacaBo fi:on thq rollit atdtdata loag Dctloa rcllloglal rg
(t.tc-sctlDlc n.trolrl Btatloar). ttcncc thc arolrloD to lDatELl
thon ln th. r.qa rlll, rcit ltttl. to ou:r lroti,aatgc o, acl&lclty,
!1nc6 they alc lot coDocrDad rlth thc obscnvatlona of nc.!
r.gloDr aEal1 6artbqqatcs. tlUfloro fg-] 8!d wllDol.o f 9] .
lbu8 for lnvcstr.gatlon of thcac !Ea1l locaL ranthquglc!, ,c
lcquLr:c EDall rpertunc 6c1!elc nctrolk rltb rultrDla !ou.rcc/
statloa gcoEetty stcit !o6t lDDoltent a krrowa valoclty ltluctulr
for the DetrorL. ?hcs! 116 dllquased sa follo"a sopilatclyr

Whctt ahocls occurs ,,n locka rt ccrtaln Ocltth, ravcs tlravcI
out r.dlaUy .!d. itr lll dr,rcctlon! fto! thc i[ltu.sbrncc.
la lollil hoEogaDaoua looka. therc arc tro 8od.ca of ,avc
Dlopogatlon, naE.U coDDreaalonal ana! !bcs!. Iha ooEl,!c_
aslonal, or D- ratcr travrl fa6te! thsD thc !hcs! or B_rrvo.
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I! at a pollt renDte fro! the aourcc r th. alefarcDce lD

tlDe6 of alrllval of P- anil S-tsves caa be Doasuled, then

tbc ithtaaco tro[ tho sotutc9 to tho ]casurlDg poht can bo

cslcrrlstcA. Fo. tl1ls to be done r thc YclocltlcB of P- 9!A

g-rav6B Euat be k to*n. fr p"actlca lt la Dot aa8y to

itctcnDllrc rtea tbe S-tave arllvos becau6€ 1t 18 uguall-y

obscureA by tbo code ol th€ P-tavc, esPcclally xheu FS

lotcnYal la thort.

Altetrrattvelyr Lf there ane tro Dca8unbg potat8 alld

tha ar,ttcctloD of the sourcc ,.s klorn, the illEtance of the

Bourcc cat! be oalculated uetng the difforencc lD tlee6 of

enllval of the P-rareB at the two DeaBurLn8i polnta.

CoDald6! tro gclsDlc atatlona A'B thlch recorit thc 6a!9

lurfacc focus carth tlehor .Plcenter (E) shovD 1D. Flg.(2 a).

Itrr itlfferenc€ ln arrlval t i.oe at (A) ara (B) 18 (ur). ror

s atag1.-Iqyer &ottel, Ftg. (2 b), tlr rhlch tla"el-tiee ls

In'oportlonal to dlEtalce' the locua of conatant (m) te a

bypcrbola ly1ng betveen the y-arte (Locue of DtI . O) ana

the x-arls (Locu6 of n4 . oarlnuu). .Arv potat (n) rqv te

found by sreclfylng sole tllatalce (!X) aDd flDalDg the

apgrol,nlate alrtancc (BR) for a f1rca (jJf) froD thc tnavel-

ttDe cunve. A faDtly of Buch culvoa alc plottca for a pal!

of .tatloDa 1n Flg. (r) uelDg the aEsuhaal tlavcl-tl]r curre

ln Flg. (2 b). The curveE are for cqual lhcreDerts in (m)

of O.O5 sec. ftc spaclag betweeD the \ypet'bolae 16 s !nea6!re
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d thc acculacJ. tlth rhlcb s source I)oht caa bc located.

IDaglne a aourc. Dolnt rhlch catr lle aqrrhere al,ong a

ladtal llne f,loD (O) and EatlDg a! an81e (Q) ttt'h the lllae

aB. A1o!g the llne Q , o, betrce! (A) ana (B) the hLJrper-

bolae aro tlortsal to tbe .adlal Llle and aie qlosely 6pac€4,

th. rcsoluttoD 16 bost he!e. Outslde (A) sDd (B) tbc llbe

1s colDclacDt tLth \yDerbola fo! m - EarlBu!' and the

rc€oluttoD lE zeror Tbo radlal llne 16 cotncloent tlth the

IryBcrbolae T.O th€! Q . 90o and the looolutlon ls agqln

zcro. fa genclal' the leBolutloa ls best at aBa1l arg1e6

aDil closc to thc origla. FroD Flg. (r), 1t can be EeeE

that thtce Dea6urlng lolnts arc rrqulrca to obtalD a lrnlque

locatlon LD tto-aLDeDgloDal Bpace, and that for Sooa t'eEo1u-

tlonr ttlc thlce rcasullng Dolnts Bhould llc at the colnere

of aD rqnllatenal t!s1Dg1c tblcb eacloacB thc Bourcc.

SlDllally i-D three AlEe!61onBr four ocaaurlDg pohtB are

lcqulrcit tg provlAc a unlque solutloa and the oDtlDuD

coDflguratlo[ ot tbe four: pohts la at the lcaEurlng polnta

sulroutritlng the aoupcc ,111 grcatly llplovc tbc accuraclr of
the locatlotr.

fhe pilDclDl€ Dothoit ot !e16Dr.c aettork a.61gn aercllbca

abore 16 uEcd for AcstSnlDg thc Plopoaed aelsllc Detlolt 1[
the area. The fhel ahapc of th€ lr.ttork ls 81vcn 1! Flg.

(4). flt16 nctrork rL1l a16o eoclo6e Dar.Jr proDosed Aa[a

DloJccts aa lhotD tho flgur6.



Fig.3. A fonily of hyperbolae corresponding tolhe differ-
ence inorrivol tineIDT)of the seismic stotronsAEB.
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XorEat\y tba cotibhatloE o! P- arA S-tavcs 81ve! loat

lDfomatloti about a6Dth aDi origla tlloc, but S-tavc! oaa be

Y€ry s61do. lcaa 6lcflclcDtly relt .6peclal1y oD thc Yeril'-

cal coEpoaoDt of tbc aclsnogaapb' Ihclcfolla lt ls r6c@neD-

dca that oach stltloa of tlle DroDoBcd nctrork bc sut'pI1ca

rlth thrqq ooEDotrent lclBlonet.nB to 81vc tha gooa lcadllg

ol thc g-DhaE..

fro alt"rlstla! scheDca for lnrtautDg thr Dloporeal

sclselc DGtronl. Botb of rb!.tr ract thc ilDlDuD lcqul !t-

lcnt!.

SclB&oSralblc s]'!tcD I - Thc 6ystoD !alc! uac of

avallablo ptrobable lcla&onetcrs sld tlBual lracorAlg Erlts

t.c. tLe aatto* BtBtloag are tlot conrlcctod togcthe!.

Rlcotrdtlg ls usuauy oa snokea papc! aad tbe !,aDcr lecorll8

DuEt ba chlDgeA .Y.tY Aqy. fbls caa bs Aorc by 9r0r DcBBou

rlthout apeclal tlaltrtlg.

SctsDoSraDble SlrstlD II - tbls ayateD 1B lchtl],a\v

aorc axDcrrllyr tb! tha lystee I, slace a eklllcA tacbrl-

el!!! ls rcedcd for. tha ladlo-llDtcd Dattork oa Dslr Dc

!o!ic cortlJr lf iclcDhona l,a!a lt!a! rsa uaca. tbq grcat

laTa.atagsr of tirl ! lratcl 1s t'h! ccntlallzatlor of ltocorillDg

at orc @!?aolaat accgasl,bl,a looatloE rhcra lt laoor{g on a

DaSa.ttc taDc, tbu6 Dlryout of tt cora. car b. coltlolloa
drd llla-aLt€lol4ca fott .l!r aDqoltlo otndy. ,orr"c! th.
cholc. of cltl.G! r.Ir.!!tr ststlola or cGntttrlly ltrlcal ty
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tGLI,hoD. t1!c. o! P.dlo llttlcc lcqii, ,t!th.r faaslblllty

.tEitt.houlo thc Dlolrolcil tal.llo qatro* 1! trlclr

.artourly ,,D ttra tutEE, hshlou! LfA] .

,.ll DrtclirJrttlo! of i,ic Yclocltt .tluctulr fo! tic !ql8!1s

@El. Olc llthologtcd cb.Dg.. of thl. I,a!t of

gcorlrDolturrl lrlultco ltr auDalrl.lor ot tha o!u.t acill!.F
tatlr oo"c! r! thota la ffg. (5). Eucb ch3ltar hl! !cs!lt.d
1! thc tcloclty oh.Dga! !.!a lollca grtc trJo! r,rorhcDt

aci![to lGflcctolr. t|!ca. rtrr ururll, aateralDcal D!/ ooD-

ituctlDg ilactr lrlallc .ouldllal rloDg fcr Drofll.r tlth .n

dtr. of r tal taD! of t!i!. t!o! tho lraarYolD. Ihl! 16 a

!!tba! crDallltc I,troDoatito! srd ![ lot b.en coDoBctca

,ct b lbc r!.. utdc! ttuat. l! .ltcrBtlvc Dlcll]Lna.qr

otlo,ulatloD ol rcloo ltry-atructura ls e.dc by ltu(ylDg the

tclocltt llrtrsarcltt aoroar atlffrlcDt typra of oaaozolc

.rA rcaorolo .8c rltcad, rasurGa l! dlff.rant IllLUI ala

Iotul otl rclta, (Dr!.oDrl ooru.) aai fror ti. ralo!' 1ltho-

loglcrl chrDSc! lD thc .tlatlglalhtc loctloD, IxoC f1f]
rall ,1a. (5). ltra flD!1 rlthatr of tll3 tcloclty - ltllrctulc
fo! thc nctrort 1. glv"n ln Irbla (2) bclor 3
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rabl. (2)

valoolty-3tluotula !,loPosca for tbc losa1 acttDlc letrott
!.tr EullDsalyEh OolclDorat..

iayer ■al■ ■lth01ogy

■   TerT18eno■8

2   Calcureo■● (To,)

vcl oclty(vP )
K4lseo.

Thiche“ KLED事
[毛感Ll糧 )

0。■5° o.■5

2.6ぅ

ll.6ぅ

7.6ぅ

う。う

ll.42

うoう

6。ぅ
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う

　

０

　

０

２

　

２

　

５

説露 驚
ettt祠

5 Calcalcous

4 lot llgglroug

5 cr:f.taUlac
BaEoD@t.

t ghl" 1" a very Eaell thlckness lsJ'er and hso 11tt1'
clfcct oa tbe ploDoseil Tgloclty atrircturo ooi[e1. IIoDco

It oaa bo B.Slcctcd.

Otc catlastcd thlce v6locl'tl'es for th' tbt'oo layer stlucture

osr b. aDpllett to tlnd tha locuE of one or. trIo blg altlflclal Bhots

to be raao ful the Dtaitla of thc ,lopoaea !etso!'k sDa lodlflcatlon

cBn bc htnoituooa to tbe thlckDcBs anil veloclty of thc qasuned

vcloclty-.tructur.c 8l"oD t! fablq (2) above' uat11 tbe tlaP poeltLon

(.plcgDtcr) aqil focal Arptb of these ahots al'e well apProrlEately

colnclao tlth the actual aurfacs aDil aopth of thc ehots' lir1s ca!

be 1611 aonc by fast coEpqt6r progra!' CraDPln 6aa 
"ryll'1eore 

f12]
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(4) BrEdno rcrrotr lf6Br,EBo(mrf,s

CoDgletqly aAoquatc ilcfbltlon of UDut grou t Dotlone

a.Da dq! r€lDona. roula rcgnuc s lalge lluEber of sccqleroglatrhs
.t ca!€fuIly Eelecteal Dohta. For! DaJor daB plojacts, 1! hlgh:,y

Bolsrlc r.eglola, aletall€d EtuAleE of tho oDtlDr! rluebe! aual

locatLoa of accelelog?apbB rould b6 exDooted. fori. the sDeclaL

condltloDs of the Dantlcuta! sltc. lio! !0l.nlEu! !.coEll.tralatlons,

hotrevor, eg[atlona of locstlo! ars aeconaaty to tho 9rlEe obJect

ol 6n!lu!1Dg tbat at lea8t 6obc hfornatLoD of clglncell,ng valu6
1111 b. obtalnaa fori a.l.l Btrong shstlDg. For thts pu!!osc, 1t
l! ttecoElelaed that lot 1ca6 tha! tou! atroag-Dotlon acc.elot'ogl.a-

ph8 bo lastallcit. fro of thcse shoqLd bc locateA to Fecora

tsrthqualc Eotlona lD tho founitatlon aDd tro to Deaaule aao

laaDoaac, Bol,t atd, HudEo! Llr] . fho fourdatloa lastruoents
ca.n oftcn bo aount.A to ita! abutDcEtE, or at all eplrogrlate slte
,.a thc LEnedlate vlclnLty oa th6 daD that l! aot obyiouslJr

lqfluolced lq a !aro! rsJr by local geologlc structural featuses.
?be lnotruucats to ueasultr ila! re6ponE6 caa usualLy bc Eourted,

at tro Alffc!:oat locatloaa olr the crgst otr la upp.r ga1t6rlos
8hould they erlat, ayoldlng 6poc1a1 supeTatructurea ,hlch nay
1]xtl.otluc6 1ocsllzed dJrfladlc bchaylou.r.

nhen stttoag e8lthquslr6 occurl8 naa! s.a laatru&enteA d.an, the
acc.lcrognapha lecolda ru.l bo studled. ard if t"he recoriloal
accel.latlon crceeAa 1, fr S _ l. 5.5, th6a thoro ta evldonce of
ovelratrcaalrg of tbc aa.DB, t,}len lt rould. be savlsabLe to lako a



130

aDaclal stuay ol Olr l[Dllcatlo!! of tho legolacA lccllclatlona

r! !€8a!ita tttaslat stra atrrlna AcYcloDcil h tha A.! AuJglrg tho

..!thquatr, .cc Eolt raa iuacor flr].
By ahultsrcoEa lc.luroDenta of grsoura Dotto! aad ttluctural

!a!Dot!!a ilrltng raturl lalthE[alrar r groat iteal of lDforDetloli

or tha dyauto obrmctallrtlot of atructutrc ula.n cetrthqualcs

ctolt.tloa oa! ba dp!lv.a' ana thls r1l1 bc ol gr.st filuet tbou

otha! aaD! trc to br coult![otail tl tb. Nortb slA trortb Eeatem

lcgloD of ftrE.

(5) COrCfUgrors
Loat of th. aalthqualcr oplSlnrieo la uro rroa urlitc! !tu(y

ftlc 
"rcoldad 

by tb! lor dcDslty lotg Dcrlod lal'srlc Det-

rorl la tb. lclgbbgurr.nS coulrt}lca. fn olalen to sraDl!€ tho

!cl!D1c Dhcnolcna oo!. cloaa\y, a h18b aqlralty !io!t P6!1od

trlaDlo Etroll ts! auggrlt.al. 8o tlrat c"cr? a!8U ragal-

tualc lclrDlc thool! thlcn othctrlla clcaggit laqordhS by

thc rgrlA lgng DcnloA acllBic Btatloqa but rlc I'El,oltaat for
thc tot.l ayrluttlor ot th. tcllllo qctlvtty coulil ba

!ooordcA.

!o liudy rlthr! clltbqualq! Aaeage g! lcactiol! lDducaal

rcllllo1tyr 1t la ca.cDtlrl tlrt q Dctlotil of acla[o8laI,ha

rdaquatr fo! rDDlorloatc lgostloE ot !De1l local caltb-
qu*ra Duat ba 1o olran.tlon b.fola th. lElorrndlng or the

!e!!ayo1!, rlthgut luch r Drtior"l lt 1r usualry lopoBslblc



to .atabll.tr tbo alllDloltJr ot tbr l.!cr D!lo! to olosulc.
?hu! tha *taEt to ritoh local r.lthEEalrt rb.!c r
oortrqual(rc of tb! !€aa!!otr., o! rori! Dalt of r ]ora
gcaoltl s.lsllo Dattsla, ota lot bc dcclAcA. guoh r ilcel,-
lloa ls artaltlal to !n cva].uitloa of tha probablo rlzc
aaal loortloE qr tutula allools tDd thu! ta of lBEaltlEto

Dlactlotl lDlDrtuca. It llght ba ot 8!.tt btalclt to
!tE!t aur& tloJcots rlth u.riLr! ooaatluottoar ,,n Alfrcmut
Drrt! of l!3q.

flf. tron !.1oc1qtr-atnrotur.o ilcta!tslEtlot foD r.D!r lctrort, o!
rltqlEAtlva obcaD l,noDoaltto! of lctallllrtlo! lr au8galtad.
fhl! 1. by looattag.cllllo ltttto! rt orlttll htalral
alolg I ccrtalB tttofllo .[il r11l looolas rcour.rtalJr tlDoA
allrloalo!! uacd fo! tbc qroavttloa..ad aslthrolLa it ibc
ilaD rltc. llDo alat.noc currc ctlt ba conatttuctcd troE
rrllch the vqlocity-ltfi.rctu.rq os|r than ba srloul.tcd.

lcrNoiI,tDOItNr

Tbc .utho! rldt to tha* thc DroDlc! of tllq Dlrootolrta
OaDclal af Da!3 alal 8clcl?olla tn BqShilad fo! thcltr llDcsro co-
oD6r.tlo!. tbatf,r ala alro crtcDdaal to thc lclldcnt cngl,ocors
aao atqtf rglkl!8 at Dclrb€ldtkirn utd DoLar ilalg fon thot! Llnil
gaer.!talcc.
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IEE RATE OF CUAI{GX OT' MOI]ECI,I,T.9 DISOEDXP
I[ UArm Fnofl 2?r.1oE W N 14r.1oL

lariqAL-DUcLh!r' a.Dd. Abdul-Satta!Al-,Aai*

ABSTRACT

Uairxg previous erperiueatal datat4'5], the tuo parts of the
variatioD of the relaxatiou uaveLelgthE deaqreaEe aa tqnpelatu!eg
increase.

lakilg the values of 5)"^ , tO" rato of ch€lge of the
Dolecules d.iaorder r{as forDd. Izt rae calculated that, as the rate
of charx8e of the Eoteculea diBord.er d.ecreasegi the percgDtage of
the bonds brokeD iDcreasea.

INrRO DUCl ION

Di.electric propertles expless the lesponse of a sJreteu to a,1

eLectric fieldi lespoDse lrhich iE cbaraotarized by a valieb1e
Dacroacopic potarizatioa fll

SiDce E2O ia a pola! Eolecule; lt ha6 l+_boldedr ,_bonded.,
2-bonded, 1-bonded s-ad zero boEd.ed Eoleculeg. Ihe ord.er of the
sy6teE is chalgiag rith ri6iE8 teEperaturea rrhilr the el.ect.ic
field is fixed at a celtain frequeDcy.

DepartloeDt of P\ysic6, College of Science, A1_ltustql1sili.ya}r
University, Bagttded - IR-A,e.

Al-ltustansiriyah Joutlat of Scieace, Vo1. 4. No. 1 (j9? .
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THEORY

▲ccording to the theory of rate lprocesses,1こ 2] the relaxation

ti■le oF the po■ ar substance is given by=

て=十 e V理 ―S/R

nhere (E) is the activation energ:y

(s) ie tbe entropy

(h), (K), (n) aad (r) nave their usual significance'

We haveこう1 欲s=2下 Cτ

where (C)is the ■ight ve■ OCity.

CO i" the tine spend by the molecule neax one of its
equilibriun position before junping to the other

. eguilibriuo Position-

(1 
") 

is the navelength which correspondinS the frequency
(the so-ca11ed "Sprungwellenlage")

cornbiaed. equation (1) and (2), then differentiate the result

with respect to tenperature; after assumiag tbe variation of (H)

w'ith respect to tenperature is very sroall a:rd can be neglected;

=― 欲
』 七 ト

ー + +÷ +l… 0

For small interva■ s Of temperature we Can wr■te:

Sゝ 8=うSI++十 +÷ 制知…①

llileri!tle :: :::iliClialitilvile ri.ilati°

n wavelength When

(1)

(2)

⊥

ｄＴ

４

一
Ｔ
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ChooBLag!

`ゝ

.1  - λ:喘

and

●●●●●●●o    (7)

since f \" iE ths decreaee i! the relaration vaveleEgth
due to Lacrease ol teEpeDature. 6)", i" the alecreaae LI1 the
rela:ratloD waveLeDgth du6 to therDal agitatioB. t)", i" tu"
alecrease ln the lelaxatioa due to the ilqreaae of Dolecules di.a_
ord.er.

RESITLIIS -Anp DISCUSSIOIiS

Accord,i.Dg to th,e expeliDeatal data L+r:] tn" varlatioa o,
?€lsr:ati.o! rraveLcDgth (r)") t due to the chelge of teul,erature
give! br:

`ゝ

s ・  λB  at  4。   n°c _  つヽB  at (■_1) 10°C

Where  (■ )ig an intecar nulnber l, 2, ぅ, 4, , and 6.

The experinenta■  ,a■uee oF relaxation wavelellgth with

temperature a6 Showo ln Tab■ e (1).  Using H ‐ 2.5 kca1/nl。 le   6  :

equation(ぅ )饉d(7):the values oF`ゝ
s. and ttλ s2 ・ ere

'λ

82   ~ )｀ B [―:「
" ,こ
I~1` T

`袂

S   メ＼81     `以●2

Ｔ

′

０

「

Ｉ

Ｊ

・

一
Ｔ

＋ 〓
ノ

(6)
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obtailod fo! diffeteDt teEperatures eee labLe (2) & flgure

(1). ProE equatioD O) 5\a" thould b€ legativo Bitrce ( rt)
is poEitive, *aJ) 

"z 
hea a Degative value too. sol)"raec-

reaaee aa teDperature i.ncreaseE see FiSure (f).5\ef e.ud lls2
are Dev6r LDtereected uitb tenperatule sJd.s end asJrnptote at

b-igb teDperatule.

Tab■ o (4)

E,peritlenta■  va■ues of re■ axation

wave■ength (λ s)For H2°

?eraperature oE l 
"",

27う .4                           うoう4

28多 .1                           2.4ぅ

29ぅ。4                             1・ 78

刃う。1                      4・ う6

う4う。1                             1・ 1

多2ぅ。う                           0・ 94

ううう。1                           0。 76

勢ぅ。4                         0.6う

Table (2)
Variatioas of the relaxatioD
vavelen8tha t{ith teEpelature

IeEperature

`ゝ

;ゝ

27う。4

23ぅ。4

29ぅ .4

う0う。4

う|う。4

ぅ2ぅ。4

ううう。4

ぅ4ぅ。4

-0.94

-0.65

-0.42

-0.26

-0.49

-0.4う

-0.14

-0.642
_0.4ぅ 8

-0.う0う

-0.217

-0.167

-0.4う

-0.40う

-0.268

-O.242

-0.417
_0.04ぅ

-0。 02ぅ

-0.02

-0.007
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sNCos-qq\Oc(od

Varicttion of relaxation wovelenght^'L,
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By app\ri.lr8 the results of 6 Bz lato equatloa (5) for
diffeleat teEperatures, the late ot chalge of lolecu1ea dig-
ord.er la calculated see [able (r) alrd Aigure (2). nde rate
tlecreases vith iDcreaslng teuperatures while thg dlsorder of
tbe arla.rlgeEeDts syste! aa a r.ho1e Lacreaaee with increasilg
teuperature f 21 .

Ihe perceDtaBe (4) ot t}.e bond.s blokeD. l{ere take! froE
referelces f5] & f5f fo! the aaEe teuperatures a6 aboye, rrbich

Ls tabulated. 6ee lable (4). Iheeo perceBtages are plotteal aga-i-ast

the rate of chalge of, the Eolecule8 disgrde! a6 sbo!,a i! trigure
(r). fhe obiained reEulta },ele Dot Batlsfied. PoiEsoDts d,lstrl-
butlotl aDd ghi - gquare. sudace prograe[i-lg vaa EuBgeated

vbich Eight give a good relation bet!.6eD the threo-diEen8ioasl
p.oblelB. hoB ligule (l), as the percoltage of botrd.a blokea

lrcleaEes the rate of chaage of the 6olecuLe6 dl8order decreases.

thi6 regult alue to the bonda broke! duriag ilrcreasing teEperature.

!ab1e (])
Ibe rate of ohslge of eutropi rdth teuperatujre

Teoperatr.rre k

27う。1

28ぅ。1

29ぅ。■

,う。1

う1う。1

う23.1

ううう。1

う●う.1

16 * 'lO-1

1? x 1O-1

1, x 1O-'

?xrc'l
)2rc-1
+ x tO-1

5 x to-1
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Table (4)

The PerceDtage of boDds broken lrlth toulreraturc

leuperature 9K W

28ぅ。1                           40

29ぅ。1                           41.2

う。う。4                        12.2

う|う。4                        1ぅ 。2

ぅ2ぅ。1                         14.う

ううう。4                           4ぅ .7
724ぅ 。1                         46。 ,
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D,CAY SCEDME STUDIIES IN ・
'2ca

B.A. Blshara・ ,  M.A. A■ ‐」●Ъ。。,1° , and K.F. ェaddou li・

ABS?RACT

The aecqy of l2.l{, 1528u to 152ca h"" beetr Btudied ln
a high re8ol,utloD Blngles &eaauleeent rnA . Oe(Ll) _ Ge(Ll)
colncldeitce 6tudJr. The results reveeled the exlstence of 3J
ganna-rays 1n the decay of, f52ca. The cclncialence ireasure-
nents cotifhroed thlrte€n eaclted states ln the decay schene of
152oa. ft" Ievels at l28f.o, 1ft9.o, and 1592.2 kev are nor
corflrrxeal o! the basia of colncialcnce deta. A qualitatlve
analyar.B of the leveL atructutE of 1520a eeen, to Ehow

that th16 nucleuo algBlqys e lcole aotatlonsl Datule than e

apherlcal one as prevlouab suggested.

TNTRODUCTION

Con6lderiable attentlon ha6 l-ioen givon to thc characterls_
tlcs of lo*-Iylng levela of the 'rtraEaltlonal nuclelr *hLch 116
betineea the Bpherlcsl (N\<88) and the defolDed, (N> 90) DucteL.
rhu l52od rrlth 88 n6utron6 has beeu charactealsed a6 near\y

:::3:::i:;,° :a:l普 :::SiR:::legC 
°r s.lence, Al―Mustansil・ lyah

AユーmュStansirュ yah」 Ournal oF science, V。 1.4, No。 2 (1,79,.
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Bpherlcal 1n ahape, partlally on tbe baBls of vlbratlonal-llke

spectrun, but thls ldea hae been challenged Iate1y' A revlslon

of the lovr-lylng IeveIs to 152oa and a stud5r of thelr propertles

and thelr nutual interactlons trou1d help ln stuclylng the

characterlstlcs of transltlonal nucLel. fn this respect, the

study of the nadloactlve decay of 1528o 1s very ldea1 because

lt populates the Ievel. ot 152 od by negaton decay.

The decay achene .c 152oa hae been the subiect of eevenal

etudles Buch as the lnelastlc acatterlng d dteuterons ff] and

the radloactlve decay or 152ru 
fzJ and the 152ron'e 1 5l

lsonerlc pa1r. The different lnvestlgatlons of the 152 uonrg

f,* - gl have revealeal aone newly reportecl leveLs and sone

very weak transltlons, although the reported resulte show few

tllfferences. In thls atudy, a hlgh energy resolutloa and hlgh

eff,lclency Oe(f,f) Epectroneter 1s useci, 1n singles and colncl-

alence technlques, to stutiy the garoma-ray transltlo,r" i" 152Gd

1n oraler to conflrn the ganrna transltlons between the illfferent

states ancl to Btudy the natur€ of the d.lfferent bands.

ETPERIMEMAL PROCEDURE

A polnt source of 152EoE of actlvity approxlmetelJ- eg,ul

to ten nlcrocunies 1s obtalned from a commereial supilrer'ffl .

Tvro large volune (L02.8 c.c.) Ce(r,t) detectors and a conplex

ganna-ray spectror0eter: are used to stualy the slngles and coln-

cldence spectra. A complete descrlptlon of the equlpnente usecl

1n thls study togetherJvlth the nethotts of anal}rsls have been
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glven ln a prrevloua paper (see reference Wo.fTll wblch rll1
be denoteA as paper f).

RESULTS

A. Ganrna SingLes Spec.lg
The gamna-ray slnglea spectrun of the decay of 152pog 1"

neasured by the ee(Ll) slngle-charurel spectroneter shown ln
paper f. the d.etalls of the alnglee sBectrun ane ahown in the

Flgures 2 to 5 or' paper f, which lnclude a1I the llnes ln the

ttecays of both f52s, ,rrd l52oa. The ener.gies of theee 1lnea

ane deternineal by the nethod described before f 7l ana tne

errors in callbratlon are estlnatecl 1n the aame rvay. Table 1

glves ttre gamna-ray transltlons ln the decay of 152od 
"u

conpared. wlth the dtata of other authore f4 - 5l

B. fntenslty Determlnation

The relatlve garnma-ray lntenslties are deter.urirred. by

suronlng the counts under each peak by the nethod of laper f.
Table 2 sunnerlzes the results obtalned for the relatlve inten-
sltiee of the gamna-nays of 152Gd, rhere aIl the lntensltles are
glven relative to the lntense f44.5 kev 1lnes whlch ls coD8litered

to h.)ve an intenslty equal to 100.

C. Coincidence Spectra

The slngles spectrum of 1528u lncludes all the transltlona
in both 152S, 

"rrd 
152Gd d""uya, the colnclclence measureloenta arc

canrieal out to separate the lines belonglng to the decay of
152 oa I'rom other Ilnes. The Ge(Ll) - oe(rf) coincidence
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Table ■.  Energies oF ganna rays (in kev)

e●ltted in the decay oF 152ca

27■ .ユ

う■4.0

う25。 ■

34。う

多52.0

367.8

1■0。 9

49う。6

う0う。2

う■1.2

519。 6

5うう。9

ぅ8ぅ。9

678.ll

27■ .■

うユう。■

52う。0

うと4.22

ぅ67。 7

1111。 11

う0う。う

5■1・う

う20。 2

5う4。 2

586。ぅ

674.7

678.6

7ユう.II

765.o

778.8■

7911・ 6

27■・0

うしL。 2

ぅ67.6

400。う

410.9

う03.う

ぅ86。o

673.6

7■2.9

209。 2

27■ .0う

3ュぅ。18

う211.9

う44.う

う多2.0

367.7う

4■1.09

493.7

496.4

う0う。う7

う2● .22

527.う

5■ .う

586.22

67う o0

678.6■

70う。6

● 2.0

712.7

7“ o92

778.9

794・7

7■う。2

7“ .8

779.0

795・ 0

r

779。 1

Present
St・a～ 1・鏃鷲

e, 
卜∬:; ∂静%)
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9うユ.0

957.2

974.う

99■ .0

1089。 9

■■22.う

■2o6.o°

■2ぅぅ。9

1261。っ

■299。う

ユう●7.6

■4m。 2

1448.0

■うう3.4

1“ 。6

989.8

1089。 9

■122.9

■2うう.5

1260.9

■298。 9

1'こ7.9

1こうう。7

■147.う

■5,7.ll

16o6.o

l鶴 .ll

9う0.8      9ぅ o.76

9ぅ6.6

974.こ

990o05

ユ090.0     ■o89.82

■109o2

1206.■

126■ .24

1299.2     ■299.■9

1■7.9

■538.2

■6oぅ。62

ヽ
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Tabl● 2.  コhergユ●● and 
「
●ユ●tユVe inten3■ tie8 0F gamia

ray●  enlitteこ  in the de● 3y OF 152。 d。

Rcl.tlve
Int.n61ty

Energy

(keV)

27ユ .1

3■ II・0

,25.1

う44.5

うう2.0

ぅ67.8

410.9

49ぅ。6

う0う。2

う1■ .2

519・ 6

うううo9

58ぅ 。,

678.4

71う .2

7611.8

0・う0  士  。・。34

o.■46 t  ●.0う 2

0。 217 ±  0・ 029

■00

o.o62 ■ 0.0■ 6

う。21  ■  0.200

7・ 965 , 0・ 400

o.■6 ■ 0。 0う2

0.50う ■  0・ 020

0。 25う ±  0・ 090

0.177 ±  0・ 0う0

0。■lII 生  0・ 06o

l.6221 ±  0.2う。

■.820 ■  0。 110

o.17う  ±  0・ 0と0

0.710 ±  0・ 1多。

,

7?9.o 47.010 t 0.180

7,う 。0

931・ 0

9う 7・ 2

9711.う

991・ 0

1(,89.9

1122.う

0.143 I 0.040

0.280 I 0.o25

L o.ot

0.0J8 t o.011

o.o17 t ('.4)2o

6.201 i 0.410

0.o50 ! 0.cfc

r



?ab1c 2. ( contlnuod)

Energy
(kev)

Ro■ativ●

Inten●1,y

ユ206。 o

■23う。9

■26■ .ぅ

■299.3

ユう47.6

■|うと。2

■448.o

ユぅう8.4

■643・ 6

4 0・ 0こ

0.工ol ±  o.olo

O・ ll。 ま 0・ 200

う。230 ±  0。 ユ8o

o.o6■ ■  ooo07

0.0■8 t  O.●oぅ

0.ユ 7■ ■  0。 0■1

4o.ol

O。 02ユ ±  0。 0。2
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8pectl・oneter aeBcribea in paper ェ has been elnp■ oyed in this stuay.

Flve gates set on tranaltloot 1o 152cdrtl:" analysea to verlfy

th€ plac€nents of the Sahna transltlon6 ln the itecay acheloe ' The

gatea uBed ane texen at 27L.!, 31t11.5, l+Lo'g, 585'9 and 779 kev;

aD.d. !at1e , 81veB a llst of the coiaclaerEe relatloD8hlp6 obtal-

ned fro& these gatea. The qolncl'lence Bpectra gated by the Jl+lr '5

and 410.9 kev l1nes are ehowlt ln F1gs. L and 2 to ll1ustlate sone

of the reEult6 obtar.neA floD the colacltlence rork' Flgure l" showB

that the 1205 kev ganna tratisltloi whlch Is rot seeD 1n the

elngleE EtectflrD 16 detectod ln the colncldlellce spectrus of the

lilr4.5 kev gate, thls tt'ansltlon 1a estlioated to have relatlve

lntell8lty 1e88 thaIt 0.05.

fhe reEults of the 6l'tr8LeE andl coinclaeace measurenents

.are ahom ln the decay schene of 152ca (rlg' f)' Att ttre energr

Etatca ehown ln the flgure are confirbed ln the lt'eaent stu(v '
the tlaasltlons lndlcated by aashed 11n68 ln the flgule are stl1I

Aoubtful slnce they could not be obBerve'l 1n the I)lesent 1go'lk'

DXSCUSSToN

ttre 152oa nucLeua Iles at the edge ol the Bo-ca1lea

'ttlransi.tlonal reglonir rhele the 1eveI propertlee of the auclet

havlDs N488 aeen to be dt'sstlcally alfferent fron those of

the Duc1e1 havlng N>90' Ehe oarty attebpts consi'Leretl the

152od oo"1"o" as a opherlcal nucleu6 x,hlch follows the vlbra-

tioral Eodel fzl . r,tter, lt hae been propoBed f8' 9] that

the6a tlaneitlonal nucIel shoula be regarile't oore lD the frane-

rork of a rotatLonal plcture i:han a vlbrstlonal one' other
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fablc :. Rc8ults of lPOd ge&lla-gallna colnctalelce
DcegureDents (x raaa roal coLnctdence,
attl l{ Dea!6 uaobacDvedl colactAence ln
pncsont atudy).

Cate 271.■ 多l14.5 II■0.9   585.9   779.0

27■ .1

う■4.0

う2う .ユ

344.う

うう2.0

ぅ67.8

410.o

■9う。6

う0う。2

511.2

5■ 9.6

53う .9

58ぅ。9

678.4

713・ 2

764.8

779.0

795。 O

93■ .0

974.5

99■ .0

■089。 9

■206。 o

126■ .3

■2,9.ぅ

X

X

Ｘ

　

Ｘ

エ X

ム

■
　
ェ
　

‘
　
‘
　

ム
　

ム

Ｏ
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ム

‘

＾

‘

‘
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ヽ
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nuclea! reacttono, 11ke 15osn 1&, zr7 L52oa ana 15fou(p,aa 
)

152ca, eupport th6 preEence or a g.e. rotatr.olal baDd up thnough

alin of 1.0, t?.lth the J44.5 and ?55.4 kev Btates ao the flrst aaal

aecooa erclteat statos of thls bsDd. f lS] .e, coEpallaoD
betweeD the trangLtlonal. 152Oe 

"tut"u snd the etates of the
d.efoloetl 1528, n "ler," ehows that both Duclei Aloplay a rrotatlo-
nsl Datule (FlS. 4). As a reault of these argq[ents, the
t'otatlotal descrlptlon fo! the statea of 152Oa nucleus ls
aAopteil ln tho dl6cusal.o! belor. !1gu!6 5 1l1uatlatea tbe Ea1!
bertds of f52ga ,h1"h aro aescrlbeal belor.

A. Ground.-State Rotatlonal Band

the eDergr LeveLa at O, tttt+.5, aad 755.4 kev have sptDa
ald parLtlcE o+ , a+ & 4+ neepccttvcly, theac are tb€ !eDbo!6
of the g.s. rotatlonal band rlth KT - O+. lhe lrlf Boft!6as
laraEeter fh] calcutated frob the6e levelE La fouaA to be
equal to 2530 rhlch lnAlcatee tfrat l52Oa ,,s an cxt!,eBely n8o',ti
nucleus ,hlch ha6 a very 6aa11 Eolert of lnettla due to ltg
trans1tlon8l natule.

B. Beta-Vlblatlonal BapA

Ihe cneltgy love16 at 610.5, 93f, 6trd l2g, kev have tho
EllDa ana Barltica 0* , Z* & 4+ reepectlvely. th6y belong to
the beta-vlbt st lonal band. rltfr XT = O+. These aae rotstloral
1eve1s bul1t on a beta vtbratlotal, enerBr {lth:fir = 5f5.5 keV.
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FIG.(.6 ) COMPARISON OF THE LEVEL SCHEMES Oi5IA AND THOSE OF
1525.n 

1Or.,lV POSITIVE PARITY LEVELS ARE CONSIDERED).
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c. Genma-Vlbtatlonal Bald

I'he energy levels at 1109.5, 1414.4' and 1692.2 kev

have the spltle ana parlties 2* ,3* a 4+, respectlvelyi they

are Denbe!'6 of the 8aDfia-vlblratlona1 band wtth I(T =

gaola-vlbratlonal energr levels decay to the levefs of the

grorurit-stato band and. alBo to the 0+ ana 2+ leveL8 of the

beta batld, these tt.an6ltlolB dleeonotrate the gaDna-glormd and

gaDna-beta Elxin8.

D. octurrole-Vlbratlone Bsnal

Ihe 112r.5 kev leve1 belongs to ttre NS = O- banif, 1t

18 asBlgn6a t6l a spln aril paPlty of ,-. fb6 ,67.8 kev

gaoroa-ray ls fou,rd to bc la colnclaence rtth the J4l+.5 arla

410.9 kev tran8itlonB (Table r), anal hence Lt 1s !1acea aa a

trarsltlon froD the 112r.5 kev 1eve1. Ihe aiguLar corlelqtlon

&esgureEenta ( 111 be reportea 1n a futut'e paper) ehon that the

779 AeV gaEEa transLtlon that deercltc6 thc 1125.5 kev leve1 to

the 2+ g.s. band level haB an EI charactcr' (nlth only A 'O9*' o?

tl2 tslxture) rrhlch conflrna the asslgnDent of J- to thls level'

fho 1- qld 5- Denbers otr thls band are reporte'l ftf] at 1)14'6

and 1457 kev respectlvely, the8e ttYo leve1s are populated ln

ttle itccay or 15%rrD but they ale not Bopulated. In the tlecay ot
152Eug.

E. Secona Beta-vlblatlonal Band

lhe 974.5 kev tranaltlon seen ln colncLdence lYlth the

,44.5 kev 1lne (Iab1e ,) conflrns the 1f19.o kev leve1 wblch iraa
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flrst rerortcd. f2] !r the decay of f5tu, 
.E reat tao6 te\r

llDe see!. In colncldence rltb ,41+.5 kov eEtabllghee s lll|el
at 1550.5 kev, aDd. lt 1s aIBo confl]B-l A by the coltrctoclEe
bety,een the lreak 795.0 tev tllo $lth the h1O.9 tev gate
(rEble r).

lhe trvo levele at, 1lL9.O ald Li5o.5 ley with the 8ptne
anA !,alltles 2+ and 4+ are conslilere.f as nenbers of tbe aecoril
beta-ylb!:atlonal batrd rslth trn = c+ . .1, thtra DeDber o! tbla
bard. at LO47.9 kev antt epl! O+ ,.s detected ll !-o th. .ABccy

or l5huE but tt 1a not popul,ated. 1n l^he decay of 15fou8.

F. IiLghcr ErcrlP Statea
(1) Ihe 154r.8 kev Icve1 has been aeslglted spln a]ra per.lty

of 2- on the basls of al!.ect1onal cotrcIatloafl, f2l ard
convelslorl coefflclerlts oeasureaentofu , 141 . fhls etcte
ls belleved to be a Darbcr of the X[ . t- bena.

(l1) ?he 2+ 1eve1 at 1505.8 kev ts conf,lrued ln the praser$
lnvestl.gatlo! by the col.nclatence reEults (soe latlo J),
uh1le lt ha6 been placed befote f ff] ty enongr flt aloao.
The natu:.6 of thls lcl.el ls lot very cLoar, li nl8[t bq a
brot tr par,n (quasl-partlclc) tevel.
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coNclusroNs

Itre lryoBttgatlon of tlo decay or 15%ua haE conflmed

the erlEtenco of 55 gaooa tlanaltlona La the decay ot l52oa,

ard tho colttcldence r€BuLta have Shorn the pleseDce of thlltee!

orcltea Btates ln the dec{v echene of 152o4. rn. energy levels

at 1285.01 1ft9.o 8na 1692.2 Ee:r' are coriflroeil, lD the

pnesent BtuAy' on the ba8ls of colaclalence reaults I'hlle they

have beett placea before by enenSy flt alone. fite qualltatlYe

etuEy of the characterl6tlcB of the etructure of 152od ut"tt'

aceroB to collflrE that th18 nucllae ha6 rotatlonal characterl6-

tlca Eore thaD YLbratloDal nature aB 1t haB been suggested

befone. The coDparlaon of the ercltea Btatee h 1526d *Lth tto""

of ttte d€fornea 152So nucltae conflrma the rotatlonal Dature of
152oa. I oecona beta-vr.bratlonal bana ls fou.trd ln 152oa ut th"

oDcrgiea 1r19.O and 1550.5 kev, wlth a hlBslng O+ neEber rirlch

hag bee! aetectea 1n tie decqy of 1528 r'. The natu,e of the

hlgher energa 1ovelE are stLll not very clee! ertl 6oee of thel!

Dlght bc quagl-Partlclo leYela.

ヽ
　
し
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