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zu'.mapuermx o

It ia -rtnn n-nt--nry 3 ntn!rnhlc te uantnxntar

:i_allghtay scluble wediofna) ugcntu 4in the fors of tuapan-
5, alana. thols scapsnsions nny bes administered via sral or
pnrmtonl ruutn. ¥hen parlntoral minhtntln cf a

:unpana:an ln aosirnd. 1t bouoncn nxcc-dlngly 1nportant

_ tn havo thn;tnspondad pcrtio&us 1n Sue finest nﬁntc nt

uubcivtsion abtasnmb1u¢ Bmm “lans a! alightxy .oxuhlo
cenpaundt vhioh arn a:tcn un-d parcnturnxxy is thnt'or
tht atarolda._” 3

R Thls work was nnﬂtrtaktu ln !rdnr te darl:& . :
.,'ntthod hy which aturuzda eould e prapared as fine ' ' |
L«pnrtiolcu. vith P .vurasﬁ parsivie disaster leay than

. 9n¢ migren, 8ovcra1 ;vannoa of approach were explored 8

_in the preliminary work im an AtLenpt 1o detersine tho'.  _

. route by whieh this small ;m'tlch dlaseter souid be

. rnallsud. A-oag the ntrnrnl nothada stndlact that bauod ;:

sn-rapidly fressing nlaunm of the. atonlda ma res S
_;_:uvm the solvent by an adaptation of :ruu arying - |

'1tichn$qul was found te be the uant proulatns. 5t -nn

.

tound that hy Ahis nathad ;t uau pnsszklc tn nhtntn un£~=
!era pouﬂtrs ot t:tronuly rino particlq sige, '




B ' ‘!n dotmm thctlur thess powders nn ’haruuuu-
© aally cuzuu., and to nxu & better understanding of their’

L pryateal sharacteristies, pr.uumry investigation of tzu

| physieu tt;huity was alse m.. xzpurntory amdiu ct

7 %the effeot. ot nddutna an tha anngc partiels sise ot

m pawﬂcn puduua iz thu tnhiaa ware. aise mhﬂ £ )1




~ 2 Inurlaa the pant ducndl ;rcat ltrtdll ‘have ‘hoon
u« m ‘deteraining the ron of -ttnu norsones beth _m
aornl body tnmttou and u thormutu agsnte,: ainc

' i-hnt oupemn are u-m.tr only ‘slightly water u.'l.ublu.

| nunpanslona &f them ltst bi :zv¢n when nn aqaonun, pnrcn-

. urni nn u desired, - Thess mnpmdad parsioles. nu

- iatroaustd ia%o the tiaauas ang remain Olha&dnd in f

ortul uatll gradunlly diazclvud hy ihc tlanuu rzuxas.

: xt haw besn chm mt the lerger tha sice 'at'___

-tht ir:nuu imrodmu ints tha uuuu tho ;ruur in

“n tht mihum they hnuu 45 the uuwu. The rnponu

% this frritation 1s ﬂu Yoying eum of & sonnsetive
- tissue pad- aram Ahe grystala te wail them oft, mn _
cfruu'uly redusss the ameunt of Aissus £1uid whiok esn
. maah over the erystalms “This results za & fatlure by the
‘body te sbsord anough ef llu bormens o reach o mmm
7 tieally aetive sonsentration, and ss & resuls, Ane yoe
msining hormone fe m;x absorbed witheut mfmmc
lta fotended rmtzom By ebtaining » un ﬂmly
chadtd prodmt. this eondition may be ﬂlunﬁ
2 mmr factors which faver the mas of fine
p-rualu un the rete st noluuen m solahuuy, __:mch




are "‘“"" for fine Ahan for l&nru pgrt.nln. Consew. .0

gquantly, the finer paruolu remain *in situ® for & < .
shorter. p.ﬂue ot timesi !nu sorks ws ways in dringing
about & more sfficient ues of the hormons minutmu.*-'-'
© With an inoreased ‘olubility the therspeutis level is

sore sastly. ruahod and wince the: ‘particles are ““"

-md sors. upulr disnolved, thc hnm ot menpmhtam

.:-_-; 1. -_: .d“”d’{'{'é) i N ';.___; P £

_f_r' mmt at soluu uumtna" utmttu' 3 v deposited. m:tht
_ a the body the czunusm u
| ned earried out uader equilibriua ecaditiens since the .

hrgcr tryttau. Homsver, 4

--_untu ﬂutda bathing tshe hn.l am ars -hlu nmhn

nlhtd sng tnd rtph«a. ;
R -..--:_rr_qn the phmaqmuul-'umposm.: the ad¥ane
o dage of _ﬁm_ir Wubdivided asterisls a8 SuspaAlcbida ii v
| »um.'-ii ‘The rate of ssdimentation, ‘shieh. follows. Btakes

o Lawg inounu nth thq SguArs ot tho ﬂd!nl ‘of the: mo
© pended particle.-As & resulty finer parﬂclu lend thene

o nhu wors. Foadily Ao the production ef phurunuuuux
tlom& ynpauthm and imnro . \uu.taruity »t uun _ '

tm a nuniph ﬂau viaks i




ii thers.ars twe’ rwtu tmm whuh the! desired
»ize o: parsicle san. de -pmaemh?“m firss: nm i
B thad uployms sommtrution of larger M“Zn u-‘.mc_--:
. &ues. the ﬁuirod form, . The sesond method spproaches. tha:-

- desired size by the lmamatua of amallsr. ;wudu

(nolesules and molsavlar aggragates) te preducs b
desired.aize particle.. In this prooedure $here ms !n c
. song method By whick the gruvth ann Be Arrssted when the
sondansation: hn yrnarund l’nr mm . pﬂdnu the

- uu of purush sought, 1_ LIRS

_ . The attriticm u nmsna u produce a pomur-d
toru hu hng besn & yronduﬂ n«l utaulnﬁy h: plurun |




| eron 1n
e daye of sho anclenis, . nm:rs md pestlss were used

for: tho pm-rm of: lﬂldl Grugn lw xnowledgs mnuu _
amcrnm m of- mnam nm‘u, a0 414 she &ttupu f :
pnanzns mro nniforaiy’ wbctﬁdad powders,: A% A
rum& Mn Ahsre sxint & wide: m!oty of  maghines: /
dulsnd rw Ahe: mbdiﬂdint of. mt.rhlt uand u ﬂw
pnpnuufm u pharsaceutisale, was. ruatiuu Tow: ot

- u-u tn tzu wﬁuouon af htt.or propnntuna.

mu lm nppuubll e tho prndmuu of parsiele lhu
3 -u.hsn zn- nnsc desired fo -nupuuehlt anuuu r“: 3

:"n most widely weed mashines for the. yﬂdmtun

ot ﬂumemnuz -ponders. w grmzn; -m bs. nuun-t
T inte twe types. (1) The first.typs makes was of & high
- spesd roetor htlsn aix the seeond mess nuidnma S LU
: 'uoo-pxuh uu raduation of mrutla u:n The. um&n
" of Lhs high spsed roter iype s similar te that of the
Banser nm in shich the reduction of particle siss. W- '

- pPlens. bx seshanical ttwitin Between twe hard mtnm
©The Iluldeenergy type uses nnprnaﬂl .n- or high puunﬂ
i svean to affeot the reduotion in- pwtsou atnw’ thi S
shurinc ot mucxn scours dus te bnth the foros oi.' Sha
nuu and t# the uhrnh nnum with wum"u o,nd
m unn tt ‘the sontainer, LAY

\ "~ ¥n muchines of ;mm- tnc u is ununrx thu

. mome nm Qf sise uu-uuntun ho snal.uau ] thn




““c“; fine powder ruﬂﬁé'“ in thla n} tho mruelu
" ean be keps in the sise rm!notun zone of tho spparatus
s ‘n‘tl th.’ .r. .t ,,‘11 ., ,.qnlg.a an th- t:at.h-a -
’nduh “u \a .““pn,h.g g,- thc nn 02 tatcma

nntﬂm‘l !‘illdn. rhlnbgr urgor nin mtzaln nn

' ihu- nﬁhr pms.ciu 'uith hu cmtri!ucuz f.aru un
'”“_.11ou.¢ ta za.vo throuch -paea.zzy .aapaae cxtta lcﬁttad

u ttul tom that tho nm pndnes aq unuiu i-lﬂﬂ
b; ntsht ar 9;:*11#1-. thui tt :w thu u hrn _u

thc annnc size, mpmaing ayon m mbntmc bdng sub-w
é'f dlvldad and the Qunditianl of the sp-razxon sach as Toet
uu. rotauom apo«l. nnm tl.n nh. ntc.. t-lu nnnsn g
'_'%'g' sixe of parttelc uhwnd b,y th-u uthada nr:u tm
1 ta 10 siorens. Csdlestion *f the dust is usmally made
) by tn unx dznohr oyelnno nuuton in uﬂu or one

wclmu col:lntor an nrtu uath clotb bu tnc snlluuﬂ.
o hoth nya hr}.nsias thc nrﬂnima: ot couuun cur m.

| gommm&uog M o e
-":' e condcna-s:na aosnoag ot prnuuntag tine f,__
yartiezn m al.t bﬂ ezuue ww thc »non hnding,
_ pnoiy:uuom ror thza r-non w mornwms ot‘ tho




Snnduoau). prsnnu ‘involved h prn:lpinuan is mn-

sary.' The num:ﬂu lanlnd ia tiie phonenmm are
' nxtrudr cuplu Mnmsqwm&uy, meh of l.he pruont

o 'ﬁw knwiusc i puuly qud uaun. emuut.m trut-

ncuﬁ er tho pnblu :n boiu uudu-tu:m on t bruﬂ tront
'at shc proun& thm. Parhnpa ln thn ruwn ﬂu nchm&u

| ;*f yruzptuuu -ux bo ni muusu u a grut -mugh :

llﬁuli to nun yroduun nt tha nmutunn auonm
Irl;dau a du.“ru rcwlt. bnt n thl pnnnt tine thut
o :una Stions are found » cxplontwy studien, mppiu;#t«
N ;_ _'hy thn mm.u thter!.atnu yuubh tn thc ught cf pruant
.m knowxodn. AIETPE I S 'I .
. The :\tn at trystaz ronnd 4 prniptuum ot
" Iw lﬂbltu.r-c.t l.mdupondmi upon ‘the nu ot :on;tiu of
- :tho crynal nuln md thu npud at !h&eh thuc uhryoauc
-.”.“h mt. !hou tn properuu nrc tntmohtul dut |
' ars not acpom!mt. upon neh ethu'. !'or um ﬂuaa* .
' 'upnmu ducaunn " uuh i mcusm; nt ‘o onploioly
npauto thc tu is - iupuuiut tnh 'rm. is borne -

:  out m tht Iiurtwro which aheu tlut lnltld dnclopun\e -_

of nch yh;u n!' prnipuuuen na amtoa nmut-zy, t&th
- utupu at ;ﬂ#uu& uurung ct thn tn p)uantnsn sm.a e
one ﬁtuﬁuun !.n nore rumt utnnmﬂ. _ Ronnr. the :_:-'-

| 'uaion n rnhar lmuphtt und unntufyl.nc» :

| Yormgiion ,gg Mx Inelnu tonatt&a hn bua nwdha
hot.h in uclu and ln atworntnnm aaluuom and tho




'nbnsrvationn aads 32 both Saves have been parullcl. thzch

_';f 1aﬂ3llt01 that sounen lnnn sc?oru nueloution in both: thess

. '1nmtanetu‘ ‘Ab - rc:hit, nt-t d:uous-iona of this natnro
:;Afh;v- u-.d Zntﬁrlatian cbtaln-d trom lclta and anp-r-asuru-
'”'tznn atudtts iatorthaasoably. rn;. hul lcd ‘o 'a grtatn*
_dcvnlop:ant nf thit ph;lt than wuulc hsvt badn pnanihlc
lnao nnel-at!on ls . phonalcnna -hich Znndl it-eir to
oxpcrxnontal study tal: with dztricalty, thc prtuarr
;r-uaén far'thtz 18 the. -.snitudo of th- hkrtiolcn o

.jf nsslolorntn_'rith nhzcb lt“tz cnnuornad.

S ?ht way ln uhioh thont oryatulisnatlon ant.rl'
- d.v:lop han:llac been & uattcr -t aiueuauxen, thoro

fﬁ hoiag annaidarablt ainasruonont ;o te Sholr xaot ortsin.

!hf Thers sro twa tny. ia -hiah thc uuczuz nqr bu ;retnncdf
_f; In the. Itrlt 1natanoo, nnezll lqy farl spentaniouslr
_ trou the cryntall:nand by prlnntation and aggregation
.?.ot & anrrieiont numbey ot lﬁltﬂulllc Oryltnilzsntlon
: 3nlt$at|¢ in this way i xaown as honegunaeu: erystalzisan g
-f tian.; In tho :-oond Sypn. kneun a8 hmtorugcnconn oryee .
ﬁftallzsatian. Lhe’ nna;os Ortxtnuto at an tn&arruot snun a:"
  _:¥ the nnrracu 4 uuapnndod. insoludle pnrtlelca, tr o ks
; tha valls of the sontainer, (8,3,4) xt i» onzr in rare :
'f.:nntnnnol that hnaagononua lryntallasntzon oan bl d-aonn
.ltrnt-d. nnd .S & rutnlt. alk cryatalxiaatson; tounonly
__oneouutlrod can bc u-nunld to bo of thc httoregtncoua typc;




fJ nuollatzen, hnuogonoona typa !arlattcna are -out onsziy

i?_cen:ldcrod.Jﬁstnou thoy,aarraupond to thl :a-.z lituution,

"V;sn whioh u.zh.nasiaai lavs ang rorlulntioni apply, mary:

Tr'ilﬁlpllttly

o ;ggégégggg; rornation of ™ : The propouad -oahnn -

Ii'.g nunogoason- aualtatxcn ls vcrr 'ilPl'*_‘_.

"fth-aa tlnotuat;ons btsia ;-;tno na;can!oa, thcn & thsrd.
 fourth ama s on %o fora inte lsttleol of xongzaidd
?{.noxoaalaa wutil uinutc struaturnt are forn-d lt tho same
' iory-tn111nt anzurc an thc noiid. rhast ‘aggregates of the
_ .acwxy forsed phase lllt'rln#h a arltloul value iz Qrdcr !
.; 40 henouns ‘tﬁbllg -U} té thl pnznt of dhis. sritiend. snluc |
“'thu oantorn nay radinpur:t oy d!nnoltins. but beyond this.
C po:nt they grow as orystais, fﬁ.lO) !urnbnli und Fischer
f';a) have uhoun that cubcr:tiaal ‘Bucles. r-quir- troo.onnrgy-
 tor rurthsr ¢ravth; whilc~bqyﬂad the eriticsl potnt, thqy
".srou rrtoly rtth 'Y cnnroaains frae uncrgy, It 1; onlr
“ rarsly that n nnczaao -:zz raaoh tho arttiunl vaxu:. ainno

..I Z¢nc ghazn ot favarablo an»rgy riuctu;t!onn ls rtqnlr-d.




advnneod éovallpl-nt 24 thq thaory of tho hnunguncnﬂl

| prooess, the actual uechnnlan of heteregenscus ancio;tton

- &m #til1 largely s matter ot‘upoculgtionf This is 40 de

p-ctod aincs sxplanations of sbasrved phencmens are-.

'; _uuua11y quito diversified lntil it 1t yo:aihlo 1o accunun

Eg”xato cnoush experimental avldone¢.

8oms thinking holﬂa that tho rorniga ynrtieloc

n;y u luurphu with the materisl studied or the -m-ne-

i nny harc a lplclfic ortcntnttau of uolcuulca or rero-a to

; onhunac tha us;rtsuttoa ot noleoulon er crystnlit:and.

ﬂtill tnr%h-r work 1ndiantqb atie dapondcncc may be Inro

on tho nnub:r and sixe ot tho raroign pnrtielna than -u
thﬁr mtun. {4) ] o ] :
. In ad&ition Qa tho inzlncneo »f forsign :arfnccs,

hutaragontous cryatnxllxqtton may be initiated by pres.

sxisting nuela;tion ountara in the erystallisand. . These -

may be tiny blooks or arystal molscules of Rew phase (11, 13) o

or they may be heterophane tlnetnutlons whiok sscur near .
the aquilibrium point (melting peint or solubility ourvo) g
- te give rise o a hctorog-nnena nyston. ;zs) rhoua tlnatua-

iions ooour za ths same manner that nuclai tor- tor houe-
gensous orysitallisatien, the dlttiaottan hcing that 1n thzs_
onss, the muolei are bcin; formed at a tine uhtn thnr are B
3 thcrnedyaanically nnntnbit. Bines. thcsa miclel cxtut whoa -
" the systes 1tself desomes tharnodynuulcazly unatadle ln the
prncuas of cryst&llisution; th-y serve ll thc taitlntnrn ef g

| the Rew pka-t. .




© ersvices of fapuritisss  The Rerder such & nauciasus ia 4o

T I

!ht oviﬂtnel snpport&ng tko viow that erystallis
attiaa i- aouu.nly oaused hy taroign partisles and/or praw_
n:intin; auckeation -cntart, is found primarily in 'aszns*'ff
fi nxp.riuansu. In this typc of study, atisapt L& made o ;-”.
" whew the dependenos sf Ahe tneidence of ‘Zucleation on thl
;;'priviaai hlatnry of the uy-ztn, It ; earrclntten oan bo i
| shown, tho lesieni connlnnion aust be that thess esnters
‘E:txilt FragTg nystcn andi - trn afrtctﬁd oy onvtronncattl

3~uona;t1anu. ‘boouuse if wueleation scourres only via asgr
- Gutzen ot nalcaulo-. yrov&oun trontuont would not sbow snr

eitunnunn was prebabzy the first Lo show: thos&

' .13153 Qrtotta. £14) MNa -hoa.d thn# by superheating llitl
?'inercauinsly_lnnaor ptriodn. thc tnnadoneo »t unaluatxnn
: --AVgrd.tzy aauan:ahaa. “Richards, t!rkpntriok and Huts(e),

" workina tauard th- nant ona. heated samplen Lo t-npnraturol -
above thn noltxns poxntg und raund that the Righer thy -
leval or Baating, ‘the tnr&htr euuld ‘the sass be uuporteoloa
bafors lryntullzantton rsl nbsorvoa‘ agsin indieating &
redustion in the t-ndoncy to unol-ato¢« thcr oaplaznoﬁ th-uo -
findings en the destruction of éverkeatable ruclef shich' ‘e :"“i

7ﬂ formsd by ortontatlun and adsorptlnn of moleoules in thc-}"

| destray (more mtadle s heat), ‘the less sapable is §% of =
pra:oetinc arrntnla ints the zﬁqnzd. nence siswer srowth\ﬁ
snﬂ an oh:orvcﬂ saln; orflqt. Zgli ang z-rfes- point iﬂt




that work ut the Hntnl Hoan;rch Ltbern$oriol ut Rashington
D Gy alne. tanriru-d ?snnann‘s tork. £18) -Working thh

. axtr.mqu pnr& tarus and :yltnmt. lupcrheatcd umeloz nere
R T shesrved,: indicating that these ars quits a:rr.runt '
ff trn- the aupsrhcntahla uueltt anu to thl tn:lutnos o!*

o raroign pnrtialcn. - a

rf _“if appsncnta of ‘the rtuupoint thnt thers. txin
f{:pro«raruaa pusles in any ayutqu. nrsul that the obnorvcd“
. sging crrocts are us %o tnsolubls :lpnritzuu whieh arl
gffnclttd oF dlnsolvoa ‘OB pralenged supsrbeating. {15)‘ Tha
i;.ixittonos wt supcrhiatabln anclel 15 slso quanttonn& =

© atnes i ia tnt\or harwony. with tn. thoery of Tatbto g

i Qynnnla; of lara and thocrtus of meliing a» discussed by -
| Meyers  The difficulties in proving or disproving this i

. point art Sremsndous, a f:ct whieh 13 at%ettc‘ L] hy tht
. dlfftrtncl of opia;on 'hlch -t:lz ragon, :

-stnuenu QE hcttrascnoaus n-annr. ccrta!n fastors have bccu
ahown ¢ affect the rate a: formation and the number of -
huclsl rormed.  The mors impertant of ‘Ahess are the ¢osrlt
of suporeooxing of 'a melt or superasturatisn of & aexutioa.-
the vinnoslty of the aystes, the pressncs of rarczsn nnh» <
stanoes, and ncobnnleaz sffects. rhcac !uator- wlll by
alaeuuucﬂ 1n thn toxlewing paaaasua¢ 4 R




!he nost inpertunt ainglo

&a&zzz;ﬁs;a.is&.aﬁa'§Easzsaslaas=
-.faetor in dottrninlng thn rat- of nuolontian ot L syatcl ts

‘”:tha aoar-c or auptrooolins ot utlt- er tho :uporaaturation 1”ﬁ

-'orwtoiation;¢ rhonu aro annlosous :aetora tar thn tua
ayntcnl nnﬁ nhou laonilaal ralnttousth: ta tholr ratpoctivc

Iurkina -lth lolts, ?nnlnnn nhnwtd tho cffact at

upcraoalan; on tht rn%t at tarn;t&an ur nuoloi. (14) Ia
' thia psonoir -ork. hc lhcraa that aa thn dcgruo or tuporu

- woeling !ll inercaaod, tho rat. 9t torlttion bf lﬂ!I"

mk rc;ah-a n lnxtuun._ rurthor ;uptrcoollns boyonn tho nnxinun
apoiut ronalt-d ta . -hurp d-croq-c 1: thi nmnbtr ot uuclo&
; tonnﬁ; :&nso ln theal rtstont. thc cffntt of lupcrcooling
) vnu bsln. nvorahuuetnd b; oth.r ortocta. ‘most nntably that
i;_ot visaoalty. Ba .1;. !nund a lutpns plriud bstvoan thn
L el ring 4 tc-p-raznra and thc toupornturt at nh&eh ;r-tn

"torn.zzan b.sua. which varied in lnsnltuan with the tndivie
'_'dual nuhatnnoo tcutcﬂ. silllar studiss on glyacrol (4)
IJ:showod tha on-u ttfcots ca uuparsucling tho nnlti uith un

.'t”natrtaoly rnpid ﬁnnlino in nucloi nuabur fsnnd aft.r NI

:_paulna the m!m tn ﬂu surve, o :
; ': ?ho latent porlod fcnnd 1u thlst snvcsttgttzenn o
; nnpcraoa&od uolts aorr:-ponﬂt o tho lst;ntshlc rugieu 027
" golutions a a» defined » :x-rn (16, 11), In his studies, _ _
I.:'ilrl -hornd that aeluxienn r.nalnua ;iatxo sn oonauntrstian- $'

:'hishlr than thoaa pr-dictod by thc :alnhtlity ourvo.- After

:' . aortatn éosret at ionocntrattoa. thu aolntlwns eryntallalt @:}

Lt




spontaaaoualy and the uurrq 3oinln¢ tha-' -onecntrutloau
. whem they nrt pznttuc od tauparaturi, he cnilcd sne sapers

B lolubilzty curVi‘ thn ar _F'ubtonand lotuuoa thn tup|r¢

,tolubszsty carvn and th- anlnhizzty ourvo ho cl;s--d as .
ih& tatnatnblt fcgieng rlng nad leaaho h-vo nhoun that

ttn eurvlc ln: bc drawn bcyond fht aalub!lity uurvo. ‘the -
'flrlt tndiontlns tho polnt 'hlfl umelnt are tirat obu&rvad;;

;wflothtrn havo nodirtcd liora -onaopt ta n pal-as- rron &

":i_'tatc nf llnt oryntall::utton ts rapte cryctallzzuttou;

iJn af'in thio lutnatablt raston crystalllzutlon tnn
”  tu&ylbq lnitiutca br nﬂdint to thc .y:tau q source tf
jﬁ.nnalc! snch an :oa‘ cryntalaa B-yonc the uotn:tnbl

= rosien tho procipita&ton in lpenttnoon:. klz thti utrk
potntn te the tx!atancl of a lupcrs;turntloa vaiuc at

wiich the svolution ef nvolel is ab' s laxtuan, The taat

:'thnt a8 aupersaturutzun tncrunnns the lluo ot thu aritxual';

:;_ auciouu dssresnes. i nl:e - contrzbutins faetcr tc tats -

; naxiuun. (S:ll)~°;ﬂf“5

';;Iiééngigxi tho aoecnﬁ tnater to ho cenltaorod in - dtaa
_auslion Qt tho rntc sr toruntian of nucled I: that of.

| vlneolity. Itl orttot hnu bcln shown by aurk uith QQGFOIQ_H:

_ _soiutionn t:a). lhc ltndxan on atlto by !unnnnn sod the

_:'stndy of glyetrol. Alosaner and Johaaon daaouti thn

rate of formatien of mxu. Qa9 n b broueht out uw. .




to form 8 mlnn "oy qgrakno in'. be formed from molew o)
mu ot zu nut!a nmrgy, whuh mphlm Ahe r!u AN

o moluuen rsto Qll uwuns.' ‘!'hoy furthnr stau.

e'?hc rate a: aucleation -1;&& thus bo
txptctnd 1o inoreass indsfinitely a» ihs

tegperatures is reduosd, but ancther faotor
is 13?017.&. nasely, the translaticensl and
rotstionsl movement of the melecules which -
is necessary for the formatien of a nuoleus,
The rate of molecular movemsnt will be - ..
appraxisataly properticnal te the. rceiprocsl

of the -viseosity, and dus Lo the wviscoaity
inorsasing exponentially with fallfing tems
srature, 1% will fell off rapidly as ths.
tenparature is iowsred, When this factor
exoesds tha pravious one, the rais of . .
nualsation falls agein, giving & maximue
lu,thq-qvorazl:ratcptnupcrntmra=anrtQ¢'-

_ .LMMMz 'rh« orfut of tnnign wuelu m m
' rate of aualnat:on ha; iunn Qtﬂd!o‘ as ltn. .. aualtnt&on
 twat. un:ortnnntnxy, in the. prlaant state. of xnnulng-
-': lt is inpcaaihle 2 1Y undnratana or oxplala thn ncohananln
h shersby they cxori their tatlu-amc‘ A 8 ruaalt the tork 2
4n Ahis 21814 has desn. 9rilar11; onpirzaaS. uttontsan z
'bains teeusoc more on 1&;@ a!rcot varionn :ub-tansnt
haro rather than en hou lhey ‘Q‘w lhua the prsnnlplaa

ot nuoleation ltsalt have been mere tlourly nlueid;tad. SN
1% Wil we possible %o detersine whish proetssot in anrlal ;_'
'mmm»mnmummwummmm;

F

ano again 1% was Taamarn uh& atruch the spsrx

1iah&zn¢ she way Sor further 9baarvatisna of thtl typae
In :orktag wlth botal noltu; he showed shnt qunrts. tn-ry
_ nnd rusud tazdspar !nnratxoc grnln feruntten. -htlc sxas




poudcr rvduaﬁ tho nucha m:r N soro. He alss noud
hu npurtuu .nmm the t«pcuwn tt thleh maluhm
nnh« :u mim; (1&} nbtupunt work: hu shown thess.
t:tu%s w hold trno ut mr m- udu, !mt ter supcn

!sQEaalsal.Iazzsansatt
fn n discasaion: ot mtalutzen u cﬂ'nt st mohmud
tlpnt in tha :ntuu Ytgm-cu- aurr!.nc m un.iaua
oL eryﬂnn iu thée nlusim uth ‘waeh nth-r ‘oFr . the mxu

!"hl in_ ftetor tn lu wmidsrad

St

vf tha eenhtmr say uun tomuoa a new mzui twr
md ahou tht sffeet of rngnntnuon ot oxuung argmtuu.
(11,13) ?hnt mechanfoal- Sepast has an .zt.«w in thc
pmntlu ot nucleation hu ions bua uuptoa. hcnu the -
very ssanon hbcutm yruodun of. soratehing o -wznu
thl conhm holdtns uu ulut!w in nu affory u Mmc
cry-muuthm LR T T

Thers aﬂ stlur hnmt ubich ho,ﬂ iua dmm
strnm u tﬂ'ut nnelunng ‘yu-n ht sertain: imtmn.
bnt Bone cr ‘thess is pnunuy aomldcrod Ao iwu tmoaly

.. metive as- w #f the factors dznnuod.s For- thu r-non, =
» wm.‘.euratlsu of thuo less somson lnﬁnamn lua bun

uzttﬁ rru ﬁ:h diumﬂal«




R 1] teaua-nuuu ot qry»taninumx from. the ..
pn.'mt u thuh tha molmm has tenu w m aul tt M
ot‘ m omm is. mtmr rma lm thuh w wrtcn han
m;u thur uusm.« -'l’hl qmtmun twunpnmt of:
thu t:eu hu muuuﬂ o.t a lushu:r mru ﬂpzd pmc

_;-;g:"'ax "'tn;" ah..m data inte '_,,. r,"“aﬂ‘ .
3 sontrast to the studies of mloau.on wher
:_, 1‘“‘ mut ot nrx m dom wuh nlu. st. is fgm gh.g

" uburuttem of erystal groﬂh hau bnn made primiir on
mpcrutuntul solutisns, ninoc ‘thes ._ __imd thomeslvee _' ;
nore. rudily to this nw.iy ~The th-mund cnnuaauuom

an ﬁl” dun with in & nrt preeiss nnmr. .Boas: thc

| 'hn. thc nmluum resched tor supcrntnum nzm
tim nn gmmur b appxud so mm PRUA

mumma mmn 'y oryum sﬂn tra a
' uparntantn solution, ﬁw tonuntrntzen nt thl aolntten
in muﬂ with the srystal surface la ndnna, u »mm-
' tuttcu gradisnt is st up and the arnm tl fed bz
Mftnuna dnm thn gradisnh,  Ths pronn it mnm e et
_ growth may thersfers be divided inte two sspests ol K '




“ mm at nluu Irom $he niaun h} thq Qr;nm hn;

-v_"y n ﬂ.auu inta Mu groupa - tiu_ ds#rpitonnlw

o "mwnn md the. *-h"“"” "‘“’“ nee “ ‘M "” *

O = !h- u!-orpuen-lwcr thnerin held. thn'l. » wyao
mlisinn partiels enly lnn & portien of its lstent
hsat.en srriving at the mnm nrfna. but through tuis
loss it 1 effestively bound ho the surfaee, The. ptrtuh.
. 1s Mt hdd inﬁobuo o8 the a'urrnu, buy hes nm;dcuhu
frndol ot uouumt htnnny. ul.!.dlas shout sver ﬂu '
surface 1ike - tn-dinmlom m, -If . whis wuulo h
Saken in unuéonuon uth siniiar. parucln zn su :,
"mighberhoud, Ahey oonstitute an Mnﬂm& lqor, thuh
in. mm ey Mpabh of sttsining .qusubrlu uth tho

lcluuon ta L mtmh ?raqnont uxu-:om hc“un m




purtlelnn ar- te bc c:p-ctoﬁ and trol soEs ons or anotlier
inelastis oelltsi&n, the sor- ot & twesdinensional srystal
~ will be formed,. Thia aotdlins nttaohol $taslf teo the . 'l'ﬂ
- lnftioa and very rapid deposition to somplete the luttlca_é
:f pl;n& snsuen, In this theory, the }imitving faetor 1& thti;
' rntu or fornutiun of the iwosdimensional anolousg. f“' l
_:' ' The theories which eonsider srystal growth from .
the standpeint of the fime structurs of the wurface are
' given mers sredance, the most notable advanees being ;ﬂ;;f'ﬁ
1nltiated by Kossel and by Stranski, (22) Thetir tn-orzu'_'__f
huwn 8 great deal in sommen, but the authors aifter on '
one impartant peint « S8iranski fttlias there may be :
tonn.otina 1ink betwesn h:a thuory and thc adlorytzonn i
layer theory, shils xu-;-z -doss npt regard this aas t-nniblo
e 7 in these theoriss, the particles sdding ' the -
erystal itructurn are 2ot fres to move In & twoedimensisnal L
Plane, but ars fixed at the point of attechmest. Oncs the
initial *blook" has baen sttached e start the new plant, ':
the growth spreads as more particles are deposited, row by fi
rew, on the orysta) surface. -The limiting step in thess
casss is the rate at which the first particle deposite en )
thp'prnvisun surfacse plun-,'tho f£illing eut of the new :fif :'
Plane socurring very resdily, e R '“. 
"~ The deseriptive tharnctor of Both oiuato. of

attschment thecries is sesn t9 de very siamilar, It ts B

in the mathomatical treatment of the snergy ro;;szon;ﬁjp;'[";}{




involved where the dtftoron&ni irc'nntca. However, for

tho purpo-oa of th:a rcport. lvalnatson et tho thnori:a

R 4

:"j- nn nn nnoray banxs lt nnt roqntr-d. -

An was lhﬂll ror naolcntion. attornz tnntort

i"ylay 1nportnnt rolua ln nodi:ytns crystni sronth. 815».
'-“f'nuez-ntiﬁn .na crrltﬂl crowth nrt vory olaaoly nlliad. it
'- "13 to hc axpoctcd for the nuct part thut the seme 1n~,

T tlnancoa tro actlvc, nanoly tho dcsroa nr nupcraatnr:tlan,

.;ﬁithc visconitg, thc -rtttt of toroisn nuhatann-s. Agatn
TS nnrerf.mu that thc wn ot sm knowl edge nmamzu
;-f:thu-o funtcra tn qualitntltt ana will 9: nncns;ity ronazn
- a0 until lha aatuaz preooss ot nryatnz arowth hau b.ln 3

'nort lnttnstuly iltnr!inad;

) .gmmm Ad Bupercooling: The grestest driving
fores for ary;tnl ;rcrth A» $ho dtsroo of uupnrn-tnratianw
(&,11,83) Althnugh thﬁ \heorise of crwatal urawth pre=
santed nbuvt nintnizt thc -rr.oz of dirrulzen, 1% nast
_ba rscallcﬁ th;t thlll nnly dos&ribo lna cxpinin the -

tocond aaptot af oryatal srowth. thn dcpouttlon at loltd
lg&;rtaz amta thn ery:taz uurtaot: Tho rltc at uhieh
solntn is auppliad to tht uurt;on. nnd thn :uount or
telnto Sn thc lnyar of uclution ad:;enax to tha cryrtax-
xzsin; ;urtaco. uarva lnpartnns tnnctzons !n tht ratt or
nrvatal srovthq

g
v




]

,; SI srtlﬁw but Ac nors pralonsaa thnu n thn sans of
j. ‘h' l“P'riﬂﬂlias surves do nat caanazda, the aximin

N tor ir?Ital srotth ocenrria( at . ‘llpiratﬁrl ulolor L

N _Ylnﬁlity thsu. {gc}
_ ;szsiss.asaﬁiaégsau rar t aisauuniua ot tho sffect er

~ mental work u founds 9ub;hly of the grm.us aignifie

o utanuon. the supereosiing of melts, 1% is found that
" AT \ne rate of growin of the eryetal be pletted agatnet
fi tha cogroa ef nupnruanlznx af tha n-lt. u surve ranult-'}'
| Whish exhibite s mexisus 1 wuch he sene way as the
;;Ianptreonzlnc tnrv- tor nneloation. Tho unxiluu s not

11;22;1;1# !hc l!rcat tt viaoouatr 1- prnacetld inte \
._ She rate ct lryatnl lrouth thrnnsh the tcaroaso '™ ??5 N
_aarrn-:on ¢auao¢ by Sho tncrtnse in vi:centty. The _

_ velooity or attfuasnn is llo-cd detn in 1nvorso pro;truf{f
'__;stan o th& vtncouity, nnd thu vniea:ty of dittnnzun nhown )
| a direst Felationship s the velootty n crysuuiuuoa,

In aonstdaratian of tht aonntorpart of ltpcr- IR

both 1narsa-ing or ctar-uains yrbportzoa;tclr nith L

foreign aubstunscs on cry-tnz grotth, u -nalth of aaporlg .'

cano. is tho tert et larc aud h:s aemnorkora who l:nninld

- thl inhibiting ctrcet 9! dy-u upan thn try-tallllutton e




n:.ocu:n (19,383 I% was found that. dyes. npahn of :
. eolertag th- ATYBtAL wers affective’ ta inhibiting and even
ltoppins ulpltuly the grewth nt nry:tun The

dtgru of
inhibttien tmnuod uth dye coaomtuuon, uhtoh muld

o he upum ;t the process nro sensidered to be aﬁaorp.
uon.. mthcr muattua t!ut thuc dzfntutﬂ ruacusmd
vy lalorption 18 the fast that tne rate of ¢1ssslutiou s
_'er the' tryntch was ast aﬂ’utom. i Ahess ayututrm
‘rernd . :huth nnm tne cr:nm,

en trmtmzm tho
cryltu to truh tcium. wone dutnuuea h the nu gg
dtnalutun mna Iu uputoc, FETR

!m athar hznanou et 8nh:lb1uon ;r erytm
grouth br addiﬂvu. upunny hish lozuuhr nl.shi
sollotds such as’ guss. and nlaun, uro raw 4in the
:.lttlrlturtg (4,20,22, 24,28, £7,26,29,30,

51} Thtn r:naing. i
are oxphzmﬁ M t!u huu of adsorpiicn ot ‘Ahe .du“," o

mu bhe mruu u‘ the tryam, tm inurnrm with

. the umul mww, um: syen with eolloida um. or R - -

' ttrnt -4 ﬂm raie ut seluum 1- nettd. nuu torugn

tubnmun deprensing cry-mz anuu veloeity do nmot
sensibly alter the valooity of formation of nnulaz,'  PR
There are also sxaaples reperted in which en umen&uw
of sryatal’ growih esourred on the lutnaucuon of zertain
adﬁitlval to the aysten studted, (24) D
!’hl.t thc :ddnuu Ay be pnrlﬂnua.ny ad-{* e
_ :orbod h:f durormt tuu af the ernm - tor m u-t




pm those exhibiting Ahe fastest swm m)-n muunod
..., the edaervations in whioh adeitivoa n.ra shanges the .
f_w |rysta1 hahtt. enc txanpll ot ihzu t- th» n-tion et

unthy:ono blut on -1lvor ohlorid- uryatala. tran whaeh

_lrr.gnzar dondritst czyatail nppilr rathlr ihan thl ny:-
notr;eal tryntula nhieh ar- ununlly fornuﬁ by nxlvcr

ahlaridc. {aa) ,anothtr cxnuplo 1' tho ory:talltzntton ot
';ﬁnadiun chlor:da . oatahaaru instcnd af eub-a undur Ahs
ff'xnxxucnuc of uren and cor&azu dyoi. rnza ts -xplaxnoc'
'::?h3'410xnndir nnd Jahnaon uho -tata;: '

. 'aediul chlortdo. ter lxnnplc. :
normally crystalliszes as oubes ewing to
the Righ anergy of tha ¢gtahedral rlnos
(oonsisting of NaT or C1™ fons exolue -
sively); relative to the oube faces = -
‘{eompoasd of alternate ¥a*and €1~ fons)
- which leads %o deposition of material on
' the latter sxclusively, If, however, ths:
- telative snergles of the surfaces ¢an be
- ¥everssd by adding an adsorbate taken up.
: froraranttnlly by the cotahedral faces .
Aas with uras snd gertain & { ;. thon -
i-octahodrc will bc roru-d.

_;'Ln another lxnnpxa tr ke rola 1apnrtt£c; and . ;
_  uﬂdxtivca oun play !n thc iahlhitien of otyltlx ;routh, tha
;,praduotiau 124 collotdal chelcsttrol nnspontiann - a subjeot

, vbrv olo:uly -Azz-a ta this invtaztgatloa - auy bc traced.

: In 1908, Porscs aad Ntubuucr prcpartd tollaidal lusponn

. uionn ot ;hczas&crol h; rupid yrcczpttation :ron scetons

uozutlens* taz) Othor taxaczlsgtor- prnparad thn:ottoral

 in aollo:dal au-ponnzon- b; proaipltutlﬂu freu naoteno {33), _
.nlauhnl 154 553 or uoaton-uleohax {aa) tcintiaaa sven as _'-'J
1ntc ua 1950‘ _Houovcr; lt was nhann 1n 1985 (51), una |

R




u;n unnmtrﬂh;u. nu. Pﬂntod “‘ thlt po. lty
: _'_:_.:._or soabination og ilpnrlttu in thc ‘MI““”I luplu

. agein in 1938, {s’r} that purs nmuumz eauld not b
pup:rod u ) oouom;x ol by thut nthad-, sven in

- ommmxy lnilnhh ah %hat ttn Ll nrnng u :nm;n

_ l.ho ¢r“th \md usnnusn el tho thnnurol urynul :
:J_"_'_to Qe_tm pruipttuuon tru Ht nluuanu i RN
_m- tht rwccoim aums:n of tha m.rxyiu '
"{illtutoﬂ gnﬂming m:- wnun ol ptulpuatilm. 1" m
'_ e nnezuau ‘Shat apu-u rnulu for the suallest. .mm;
-' un em bu nthmod lf ; h:gh ugr« nt mporntnnuoa

nn bl prod\mu! 1n . ﬂhuuly unwi lm.uu :ln th.

yrnhnu n!' t miubh prot«un umh That thh
umnim h a:rrzmw n uhhn t- brought wt hx tho
ﬂhﬂrur fu Ittul}ﬂm MQ by muu nnuzm; h

produu eano!du mpam&om m mz; mcn ™ nln a

sinn pnbhn nuu ngnin au #r alu twhnlqau and

toabnuuom, with vory uun thwruinc possibie to -
mreid tha '4».& M' uploraﬂ&m uhich uuld tmunu;

Mwﬁzmmwc ;

M m: m nppruch . tha )rulptutim ot m-
stances a ttm pnrtuiu s ndo rran mthﬂ ﬁruuca

tn thu lnvutimttom aimt bcth mcluttm md r-u or




:rttth fall otz ak the tuxptru%urt n: thc aynten i- dew'
;"-3 trunﬁ, ruchias mgz uibzs m:-' o mlrh!uﬂ- Qeanng. '

"sxnnt tho touporntaro a% uhieh tht
spontanecus formation of srystal nuclet-
has its maximus vaive is, in genersl, -
belew that at which the veloeity of eryme
tallization is & maximum, it is possible,
by rapid eooling, to pass through the teme
peratures of saximum orysislliization vele:
ocity and waxisum formation of nuclei, and
o obtain the liguid at & temperature aL-
whioh the velocity of orystallization (and
alao of srystal nuezoi rornutiun) bocou
Begligibies® {24) .0 o |
. U. of thia prepnﬂ: ﬂ: arystauume wum- m ndn w
Vo :mmuu the sttaimment of nm pmm-u e
'Azthoagh the thtumh 'mornmg mpcmnunl
©: were loaﬁm prluriu h oburuuom on mitn, onpw-u.
: utarnud aelaum oould uraly bo tunna u uhibu. .
Tftth. anut pruporty. !h-ra s: aa aﬁdod abupllcutlsu ln 5"'u
L
"fxtht oxay- il aelut&ana in thct tuo sab:tunoan wre invozttd.
‘-‘-“=Im$ it tht nto ot coouns u rupu ononsh mé thc utmt .
et eaanng auruoum, uao urnouuu. tor the n.t. : |
R plrt. ahould h& ahv:utta. ii is lagioal to nasunt th:t
- thc nsuna uhould be utnmhl A wued . tuptrnmﬂ thnt _
“uboth conpennntt nr tha uyattu irt traslu._ I& thzs ﬂlil "
o tho umust;r of tho nyatu 1s so -:m*nw uut m-th er

o tho orystalu :hvuld ﬁt scro, -lnac ﬁif!us&nn ahoulﬂ bc

'**augllgibzca Thcrcrnrt, the totnl ccndonlatleu ihxeh uhculd S

“**oeeur up t..thn point ar abtaining tht trezon unsn, :ou;d vﬂfﬁ~




publiahaﬂ npum ot wc tppunuoa of thse tochniqac .

_' ooour during the zhort period or un bcm-n the ruuhm; o
°f the supsrssturation level. n whxeh spontamou nucleas
- tion wms and th- rrmnng a: th- ulvmtu_,

P

- M m: A%, um pozut m .pnhlu bnenu thas
'_':1;-_f'nz ruoﬂm ‘the solvent from the freun uun. !Mn im i
_voivt; t.h- nhununn u tht niun&. n tha un # uu
L primupxu ar aryzna by. nhnuuon nrn lndintod. ?hn
| th»rauux np«ta at z:m proudnﬂ are nuph, ,y-t .nn

tu my urstm whor thm uqtunm nﬂ ﬂmﬁq
L :hn fact that foe oun u amu ‘te subline at a
rapia ntn, ﬂpzd mnsh t¢ nmhu nuu in thn treu
) thto Ahu t.a 3he abuorb!.nx of hut m th- nuparnuea _
pruuu, hu been m\m nmcu thu tun of urzy setmuric

'lork‘ (38) Howaver, 4t um‘t wntil tlu hmtinh untar; A
that ;ppuaaunu of thu umm prlmipu was asde in m
n-xa ot Gryins.. Within tho pui GMl; ‘the stridea
' tornrd Jun bnn tmcndant, P m& wu 1% 1s sueh n
| omon proudnru mt i‘ruu aruu prndunu nn ho twnd
in nlmut m hwuhold. o S

o ﬁ:t groxs. hpotfu to the donloplmt of frten oy o
_ aryim trn -uppuua by uu muuuy ot productng ueoa _
pzm; tn s stabie, sanily Bandles fors . during the second

-. Vorld Wary. Another sarly Mnnuum& ouu from the upru- S
, nusn if tﬂlu ertng to tha EMmtmn “ ““1. R




| penteillin preparations. ‘Sines these sarly, hrgo seale
innnti.s;t.tem, the mcnt has been adapted o use on
sany ,p!urnamtied propauums and good products. uueh _:":
'_ a8 tronn froit Juices and powdered eoffes, (39) . .
' ot partioular intersst to this ressarch u the
| fagh that an arying »y mbuntnm ‘here is enly mintsal
aounlauon of the solid ruiaus since tzu soluts muczu
nn nmuu.y luked in pnzuen as the :e}.th cnpontu
- {88) . This means that e mm or tht tine pmulu
”_‘I_".produeu by thc reapid trusm; h rutrund aurxu sh .
-;"_'_rnﬂul of uzrmh* On ma nshar hm. howsysy unsht
'~ the grwth n,y be, the mu& of growth relative te t.ha §
. initied ntu prwuu in thc troun aul may be of -u-
ainemt. 'ms would Iwn te hl utorﬂ:ml thraugh
cmri.untd pnnduruq EEIET '

_ B = _ The rate. at whie)z tho trylnc procuﬂa u up«n- :

_ dent upon the pressnre differsntial exieting detween the
' upor praasure sf solvent in the nuplu and 4he npor B
. pressure of solvent in tha aondonur, Ihiuh SErves to tnp .- .
nhmt vapora, Sheredy uintuning t.hn Taounn in t.hn
systan, Thess Yaper pressures are in varn dopmdmt wpea .
the tesperatures of the nab;nm mph ma the Qondtnnr... s
En thia bui-. the tupnntwa at thich tht produet nhouu
be dried dcummu the tupont:m n. rhuh tha t&ndtm:r _
lhﬂlld be maintained in. ordn' ta tup the prounn dlttor«
msm at thn optim ulaa rar npm dryms-@




R Ly 2 ror dryins, it van found that A1 the condcalor wan ” ?

'3«1440 ﬂ.p tho dryiaa tinc wan l? haurl; In thl 1att¢r oalo.*

'i:hsghar prusanr; dtrtﬁrnntiax. e 80 raytd that thn tal—

: " This san est be expisined by siting an example.
In drying bleod plasas, uhloh -noaxe be maintained at '

fﬂ"lopt st ~ss c.. tht eryins e conplotad in 81 hnnrn,
l_!hlrlll; If thc Qund.nitr ta:porgtura i;n lsintniaud tt

rtt wan rennd thnt thu 1nzt1.1 ov.parat:on, dus to the ng

;ﬂ“p.r.tnr- of tue sample feii te <32 C. g-.t -haeh point the
-'i:nyttcn rnnahad iqﬂilibrinl uné tht iouporuturo of iht aampla
Qw:ronazn-d eon;tan&. The prttaurc d:tf.rantin& in thc firtt
'H tnn- 1- optinun._uhilu thn pron'art atrrcrtntial oxtnttng

hntt.on the lnnplo ot o32* 3.. snd th- aonduns-t L3 -;o 3 .

iln not. hsneo the !nnrousod drytns tzn0¢ (88) TR -
5 _' 8nrortun‘tely for this and-rtnkiug. prcrxoun uark
~en the Prinniyltc of fresse drying has bonn done enly on

| _qut#ﬂl aystens., _Sinnn in thia work ‘she iolvtntt rouovod f?
hy nnblal;taan ners arapnln. the pruccdurts tollawnd uarc,
:! _01 ncao-alty. wortca out by .:plorntton, sach enccess or .
_  failure leading to the dcvolopncn& of the fina) toehaaqan i
i by whish the fraese ‘rytngt ncr-ncaaapxzahaa,’ As 2 r.-nxs. o
';"'@ha gt:;a:a;ay of She method, ae snployed, 1a qu.n;tnn-hiaﬂ:}f_~“

_zzax.ﬂxxias - . L
- ,-:_-:f- oao at&cr nenaon-.tten nothua o! ohtn!nlaa nuh~ »

B ut&nnca 1n a fine ltatc of subdivisien shich merits canni-.jy;;:"

dnrgt;ag ;q_thc procsss of apray ﬂtying, ;stneg_gh; basie R




faotors. m.rxy&as the puctpnutxn yrwunu nay plv Y
Pﬂ.l in dnmlnm the plvnleu pmnﬂiu of th. productas
Ry -ihhlmt by - spray drytng, ‘his pﬂmnu wu bt immord L2
| u LR anmu. uuznuucn ot prutpsnum. SO
The prineipls of spray drying is qujtt.niupltg.f
ln thl yreuu. - hist&y aupwau auu h tmredmoa into
- n hish tonpcrﬂm; urnnhung m uni‘ Btuuu ot m
utﬂmu hrso tom drymg mrun upauc u tm hot _m,
} t!u Crﬂns ﬁu or tho dupantd droplotn u nunm m a
tmtun o: t aum«; The uua poﬂion of. she impis't is
“; z-rs 18 tho form of . lpharzonl part:eza. .uzza or. ho:1&-;
N .uupmatn; apon the utarhl. thc fosd uadiuml und tlu '
_aryzng umuuonu (40). '

mgzm m: scnur m sntolqu lwn

| elassified spray driers nuardiaa n uusg- dnixn int-t

_ tin uhcorin., {u) The duign u dopondmt on tha _

a ._ «sneuoa of gas flew aut f1s Pelation ts the direstion
B ot quing.ﬁ _ﬁnh uazgn hu urrt»nzn u‘-nntng« for the .

) m'n: mm ot specifis nmm-. uu gas fiow betng =
* designed te bring sbout Ahe Nest effislent drying of the <
nurui &ntm:mta. _ !n tht Qhu&uk Sm:utrn m duau
et lout tnﬂar i th;t in Ihaeh the hot suu urtmhh in
] rctuw sotion M:n nrem the. ntuuu‘. Mrrmt uth
. \be mist bung prodmml, Tha mmwitr ot thu typ; ot
. Gas _t_!.ou in ‘the shemical _lndu_nz? is in _;m-t oxphmus by 5




the faot thni he utau:lklr of shotes in- nm Mnum n
.thn nntritﬂsaz dlu ty;pc, vma um type ot atomiser, tht :
R '_ _u-wrrmt. rotm m t‘lou tn thn lﬂt nzﬁuaat for. .
\5'.".'¢ryins._ 2he het m, tmuny ulr, h prnduud tnhw bx
5 'urut hutlns hid hy puuinc

throm nm mam nnn. _

In t.hc usﬁ nt thu
_:I'_"'tanor, thl uapnnu atu.- n pﬂd‘ae.ﬁ zn thu ranu’,ng
i'f”-.an-r.f The 1iquid s sxtended in tata shaets on the dise
v _"thou nhut.n um uuhqnu &ntu iho umowzns lmt-
\nsu n Mgh upnd l’n& thn pwlphtrx ot thc dlu, sh__
| ,u nu&m ury npidly {np tor 50,006 r.pa.h Tor., top
'ar:uhmn thc liquia mua rueh diu spuc bcto&
hutns thn d:u baum ut thia ;pud; ﬂu mram.“ns S
air tuoua n denss wall of srut rc].uuu lmﬂh, thue -
E .1a1ng to pn;varzzc the rxn1¢¢ {4»3 f; L , J[_ '
: Prnmro usﬁu ntut nnlum hy ronlna
""thn 31quid. shrough o exall erifice wnder high pressure, .

.“‘.3 qtn %ypo, md tho nolglt typi._-

* "l'i““n M ﬂllt&n et tho muu " iht tu ﬁau mnu,_
”f 'hiﬂh -nplow- atr or ut-.- as sh- ntanising tluldq rhs-u :
- .. ' .Pcnta nt loam- yrunwu, Imt tlu ctﬁu!my or uu. ‘ypg o
of nouh i nduuc at higa g.,puity* i “in th. Righ p"“a"
nonzo, ‘$he apray cmnnn-uo dcp-nd; wpon e pressurs .
- ‘“‘ the orifics size, snd as 8 ruuu u tairly tntlcxtblc,_:_; [
!‘ha grutut &rnbuok u hsth typu et aoulc &wnnn i- .. Coe




'ﬂ: that thﬁ? lhew s tandnnay to pzuu, cnpociale when fun ‘&%
"Ihtsh Iupan1t£¢n¢_{-j)};_ : o

ms.en .:az;msm Pariiel Bizes 24 1 m.mz; bow
':1ovo¢ that- oantzi:annl diae atantucrn gsvn Tise 9 th-
no;ﬁiuniferl pnrttnlo aazo diatributianm -thl purtlcl_'

fﬂt- lllﬂ u tunctiun of tht snlida nontc#t of thu ﬂlu:rff
'; iclng drtod, ltqn:d vincncaty, ilqnlﬂ cnntlty. and' tosdf
:Jrntc,_ianr-ntlns witn thnut QQ thlr fnereane: (io,
.ar ndaustucnt o2 theas :autorn. pnrtteularxr noxxk
premsurs or diss apesd; eclids, sontent: nf the nlnrur and

faed rate, tha pnrttezo aige ubigined san £ 1] tnntrcllod '
_ta - ltrtaia oxzcuto,ﬂ1_ﬁﬁﬁa_1“:ft;: e \

_ an thu p:rtie:ot produecd buoano lﬂﬂlllfg tho
\  problon in :oparnt&ns thon tron the gn:an begonss ine
B cronninsly #3frisult,  The talztﬁttaa iu uaﬂo in thc BEMS

| sanner as for the grinding toohutquat dissussed prottounly,
 _ using ssall $laneter eyclone sollectors: und sloth bac E

_ rxltorn* Wct lurnbbura. thtch act by- rtoapturtna th.
' aaaxlnst ;artlalus in a quulﬁ, Bauslly the solvent or

. the alurry. mintaine: tho 1.-; of uat-ragi P Y] dutt, hut o

. the zaqua wust be ﬂcirwht-d mom the erm- be




. renover the nua.. (n) ﬂnu utt-rnazr Line ymruol.u
L. re ﬂnim. u nula be mnunr.r to rerun m uurhl
,:i_l_.”nrn thn btrou m duiroﬂ tinnmq oouxd be. omnma

".iu . arttumt npnnutn Erru Ahe ﬂmdpomt o, porom-




o !hl rorlaalns dinausaieu tt ihu nuthadl lrulln

ubzt tcr tht yrodnctton ot tina partielca lakcs it ponniblt

, _h_;_te :olaat thnt luthad nhlnh _showa the nost pransnt rur thc
aubdcanrnl anupzettoh ot tht lntoaﬂqd n@rk. in v!u! bt

thl penaibzlttlcc or auucoun, !t ua: ducldac ta tunnn ‘o

nuiu atsonsleu ot tb!a vark nn thu praensa oz rtpiﬂ

rrncl!ns of uozutiunn of Ahe tolpaundi czth uhSeh this -
roacarah ia aonyornodg
aaattlonal -art, tntircly ot an llpltrttery
untnra, -a; dons in tha riaza of prttaet!va oryntn131~
satisn wzth she hops ot fxndtns’a ﬁouhntqun -hqro the
_propnr hlanﬁ of aontrq&ling tnrlutnstx -ouié n-ks lt
9aaa1b1n ta yrceiy:tutu th-so lt-rotd nonpoands a8 cry¢~
tals of the douiroﬂ nixe, | In nﬂditlan. Bevaral sasples
of tholcctcrui wers .prnw dricd wning * Bowen Luhorutogy

., Rodel tprny dr&ar. trvt thtnh zn tnd!cat:nn ar thn unrztl
ut th;s l-thcd qoul& bt nb%alntﬁ.

Aq an 1ndicntar ﬁ! the partxelo alao pruduoca
by thc rtpid frtczing-sabllnutxun arying taahniqac. thu
apaoirla surtaeo qr-a of. thl ’ﬂ'ﬂ'rl preduaid a8 u-oé*
by nltnrinc nna q»nd:t!an ut the prnc-durt et & ttan. thn
1-1ua ot tho tpoaitia ﬁurtaat arna uaa dotoruinad na -




-_Jeonetntratzon nr uelutc t. Ahe tr&aaﬁ selution;"
 Laotrzs¢r;n$ nnnd td trsnso thc us;nzion,‘*

__ssfam mm! rnr tht :rum uxuum. and
¥5aato of iopxtna qr th« rraaoa soznztoa,$;
_ In ndaztaan, tht irt'st sf Vnrtunn sddttiv-l oa thc pnrtic-
:'nn of the poder mmu« s ecuum. Thess oube

'fi.‘h" 'tnay, th‘ roauut:en 3u apanitla surfnon arta c! thl

f_at-plcq wkioh eequrred on.aantzns tar u ap-cgrtgd pcrloﬁ
_9! tiuo‘ is

_ ot-rntnaég rur on-‘annp1¢, thin lut dittr-
_ -tnad at thril iloratid tanpdratartn': :

_;;thc #uoreast ta aurtact urut 'h&nh ronnltaa trau atcading
- '-t reau t:npor;turl was It&lﬂrod; ”

i
i
i
L




| uul Amnum,n«um. um the mmsz. _..'.
y ;I"I'I"'_;huu Flased on tas rucuoa u Qhazntml te thcu.
_'Pnudunu “fhie m m. aznu u u.

“"91; “iﬁc tht mthw -apm ﬁil' tm cnn, uuza
hibit Prﬁpcrtiu somnon h - graater pmmm. of th. '
ntcrel.d&_'_'
sedures need eould. be #pplied to any of the stersid

wrk m'mcrtakm hoth ia tht t.ttzt or wnzptuuea hy"
_' ’m"ﬂhma! u wirmh m mﬂptut&n ¥y the np“
fruunx nmwa. mu prnum imoutign.uam m-_'
farvied "‘“ 'mﬂh m mm umwﬁ which gave
| ““ il the Targest. wsﬂa uurtw‘ arsas tar *he ’nwd.rl
Wﬂm m tho npid !‘l’ntingpaubuuﬁm m;ug mmm'

tclt tlwls mx u-_

_.m; suitable mznuuom. Muam _i.hi l"‘““"

':_--':n the initial amu ar thu ttudy npiwntﬁry :

Sumn at um. mztut nttmnn tn tnmod u thi: -
pn«dnn. tha ntrut nf mttiuﬂm u m pncodm
o m final pmut - wh:oh un nn m Mlntau ut

th; numuw nf tho pmﬁm - m' the phyum‘




prdparu;; of the fina) prédunt-; 'ﬂork perforned along
the lines ct solvent tatnrehu:at prnzptuuu and spray
urying was not as dtta.xhd. ' ' o

;l‘_ w B souvent purescmancy .
R " The investigation of tha prunauﬂ of yrulpt«
htim b: chmsin; tha selvent newer Mvm-c beyond m ;
uplarﬂory it-usn After. the, Anitisl mtudies ETR m"
" mnnury tu 1init the numh %o the. study of one uthed.
A% Ahe tiu thn desinton was udt. Ahe rapid rrnnmg-,-._
'muutien drymg prouduﬂ sooned asre promising, and I

' amgqumtzy, work. on aruapunucn by qhmﬂnc tho uel.nnt
of- uu -w-oae. was chmdma,.

e tht Ahaory m.rlymz thn W of pnalpihtzm S
bas bun ¢tscunc¢ in the pruodmg pcruou of this report. .:
The prisary requirement te sucossding in presipitating tho T

_steroids as fine partisles is the proqustion of s highly .
_____-nuptrutmtﬂ aysise lnumtmumly. “The only prutinl i
ny 0 nhhn this state is 4o murvm. ninnu Br
adding a ul.nnl in which the. -unza 1 Mshlx xmohhla. __
but with which the initvial solvent is a:n:bm he proe B
Jessive agent wasd playe a awmearx nh u thic pmocu,
!mt u- nportanu is not o be d,tnmtoaq




- In all the studies of nlnnﬁ-pnr prnlpsuuu
) u & method of whiaining fine particles, scintions of '

}-prcgntnoleu. in various lolrnntu wers wsed. Theas nalumff_'

'ff:ttoni-!trt practp&tatod-la-uqnoent-aelutlﬂal of protuctiva'

7 substancesy’, - Boveral variations. were l““l‘“‘* 8 '“3"'
ﬁf %ion $o. dropp:ng thg golu&ion inte %he aquects Ph“‘t -

_'ji'::; snmc wlnttm wore alm ;pn;rod -inte thc -aquaous phase
.uim . rmuuu No, 123 amuor. _Turtber; the solutio
: uro droppu - aprvta m. npzdlx uurnd aqanul nlu-
| tione of- ;nhomt- which were ut W« m at n-nm i

: tuptnwnm TS s

Iu the first innaunuom e pcrunt nlu-

' tlanl 3! prcgnanclona ina variety of sclvents wers . g

| dropped inte 0,0% aslutions of polynhyhmgly»l nm
stearste 40C (PEOS 400) in water, A ratic of one ;m-t
of pregnenclions svliution %o -nn parts of squecus aolntin

wss masd.. The solvents for pragnmlem which were m
ploysd wers buiyl eellosslve, mthyx nnunln, umm,
sellosclve, tctrlwhydrﬂ.turqa,.diczlmm; 955 ethanel nnﬁ
asetons, The orystal size of the suspended nrtsnlu

produced was measured hy Qmimtxpa n.ndtr ] nlercnepi

fitted with m soular uurouur attachment 9. give tpprnio

uu a:umum, In thess prwipthﬂum needle~shaped

R

crrlml wore produué which iﬂ‘l 3 to # microns in ﬂdth
and § o 10 microns in length. uu diethyl ul:tuczu

i




' and ucxm. rounded erystals 8 to 3 aicrons in dtemster
" wers alab obsorvod. but thsnc crystnl rorut ucrt hx tnr 1&

uuupanaod particltl 'tr: Xargir than tht lilt thich
tnairud 1: thi: work. Althaush thcaa nxpnrtnantal atuﬁlc
r‘prnctnt cnly a ntnntc fruetian e: sho yo-nszc co-hins-
‘1cnu und tnohnlqucs whxeh night ba n-nd, the tnzlaru

dznoevor an; prnniszns a:gnn or lndiont!anc thnt lisht
dulinuatt rurthur ituml ar ntuay led to tha ubandennont
of -ark on thia typo ot proetpitctlan.

mmummm
zzaszsﬁé_nl.Ssaa&ﬂa:s&iaal

In tho rapid trscninswaublination dryin; --thod,
tho noat 1npnrtant ainglo tnotor tn oantrczlinc shu p.rsialc
n;xc or tht ntarnxd as !t lliltl 1n thn troson uaas, is

tha rntc at rhzoh tho aolntaon ln troxnn. The ratu lt
whzah thc aoolins aeeuru dopoadn apan tho hcat trnn-rlr through
the :elutteﬁ to. the fruazia; rotrisursnt¢ :r thc hcnt trnn.~

for wore sraat lnsnshp &hc trccaing would be lnatantancnu-.
in whioh calo tho -tarozd -nuld hc diatr&butod thrnuaheut
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th.'-olrcnt ns -aloaulou oy agsrnaqzcn of several nolnculal; .
' rr:eticallry Ahis can never ba anhtavna‘ nor would 1t be
? &c-irnhlc, utacc on cnhl!naiiou arylns, the. uexcoulal und

I,;ﬁlOZQnalur nasrosatot would: vuxatila:t off with the unxv-nt‘
- ’f?wa rantort th&oh atfcct the ratu of beat tranes
i and uhxch #na‘bt cantrelio&, lra iué mass oL sulut&an'
*T ga';. frosen and $he Semperasure of the froening medium,
'7? As tha uaa- ta e fraacn dacraaaoti St ann be Ospcﬂﬁtd *h‘
";jff.tht ttua roqn:rnd rer sz tn tr-nal telzd rzll ulao dtwrlat

' -|arc :ra:un in tho tnrl oz aroplata, -hsch nlzowod thn
evoling %o be rapid enough S0 give amell particle distris
* button of tne starotd in $he frozen mass, and sn wnton
rern the frontn nolutian nan uauzly hnndlod.-g ;~a-

'n _”erho tanpcruturt of tho :ruoling uoﬁtul was.
vasulut-d hy ‘the uhalc: ot uodsnl. I& nhan-iag the ri»

; '.frlsoratsng ltdiul 4& tan htﬂt‘ll@? ta aaaaiaor &hc Ilba

| noquunt troatutnt of thc rrosan naan* s:aat 1" waa &nu-
' &oadad that tho nolvtnt ot the uelntion be resoved hy

B uuhztlatzen, the rtrrtgtrutina nedium had 1o be nno -htah;

'wn- alse rolattlu, s+ that 4% Qouxc bi ronovaa borerc thtfﬂ

solvent, . ror this rtnnon, tha !rnouing rqtrisnrlnti i

“'thsca nari thoas uh&oh ha:lld a& . tempqrntaru iQZOIT.

»'thn rrtcnzna potnt cr _she ;axvunt‘ and whsch tara rtndlz

_ ‘xvuilnbll. ‘The. refrigerants shosen norc 24quie air and
Itqutd attroatn. In thza ltndy, a8 Qttuapt vas unsqltn




truas- tho aoxntzan hy dropplns it onte a shilled .ur:aao. x
Pl xa ous way the mee af the low bosling type of -

_A"'tr'olinu rofrzg-rnnt ltsht ho an:or&orlto other methods: et ;
:@_trwcning;“

_!hea - nab-tnnct ianh a ltqnid atr or 1iqnz¢
e nxerogm 1 used, ‘the heat u-mror from the- nzuum to
,i}thc rtrrigtrunt it rotardad hucluna Q tunhien of. &12 Orﬂ
. nitroson ga-. ro-poctivoxy, s preduecd b-tra;a the: nurtgc
C. ot the aropled and 8¢ 11quid surfess of the refrigerant,:
‘.é_F_th. hcat transror tu and throaah thc cunhzea of gas. Ss vory
B lau. Hot-var. 1 this rasoareh, the effests of thiu roi

turdutlan &t caeling ucrc not crtdant bacau-u tht shanasivc'
ot thi prob1|n wes to uouplutt zrtnzing of the nulutzen
Ty aneh » psrioa s Sime an to ;iri r:-o to the desired
' ynrticln tiacnin-, ruth»r than ta anhitvo zaataatanncn- :

A aoczdaa advuntaso xn 1ho use ot ihll. ugunta f”
: an truoainx nedia i that thoy nrt rorr onuii: ronavnl-"‘-
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23 dryins; vhta . hrgw myia nn nm, ﬂu w-islmu
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but hat to ¥e renemsd -i&m Auring t.hc ran . te kup thc
m:m mph from nlun,g, Bacause ar the pouthu :Lty
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W’—n— -v““e- '%‘4* -5-
uhan 1 u thc wxuu ef cu Mscﬂuﬂ por am #t auorhm ,'
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'uzna . qenﬁm aty utﬂu uzth # DeViloies amw

_In mul of. tla numt fru mn sanplie,: i
nutonn-dry teo nxturu nn uua t-p prmmt uuinc .ut
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Tson. aq.mm:wmmzmam T8 &2 thess
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M - The additives. were. uu in- the !ﬂl.lwlns ap;praxmu
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ateraid from forming, both during tﬁnina 87 ihae solution
. and during subiisation of the sclvent. Of the we umu
uud. mtum and PY¥? (pelyvinylpyrrel idene), the PVP
uam 8 bc baster suited to the devired funotion, : Mina
Y ng shain polymer, solubis §n shderefors and vater, £
: vas hep« ‘$he partioles of pt.roza would bs enmashed in
the molesulsr framevork m wunqmnuy, the size of the
f-::. pmmu o #%eroid would be eonfined te the #9llotdel
| rnnst,. ?lu zmumm u . pramuu framework ns

| dm since particlies of thc desired mize would show hlﬂ:

npcr tandenoies and as & resuit, an inereased tendency
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nmn nl.auom whiioh sontained $£ eaffeins with if aholenterol,
and 8X eaffeine with 0,% llhezntwﬂ,, - Both of Sthess mplu
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- #% PVP with 1% ¢holunroz :'
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ia thn thaﬂtm uzmh, vhich h upuhlt ct tcntu s
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» ttth shcu uuplu. Thais uit, cxngrmod za ﬂwn P
uﬂ. use at » Gam Pruumm vaguun p'qnp rittu uruh an
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gpniru aurrau tuu o: tho rapidly rrum-mbunuan -'

Bome urrunuy was marhncu uth he mblmucn dryiu
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1 worputen aQMx $t bad to be lhwn thut ‘he. nitregen: adin

IS 'ttnu Shess pmwu ﬂpﬂunt . an ten of A swndu.

| _' ____',m-mu attrogen in & moluulw Lager had Mm pmun

érisd m;:-l.n “nu e a.tcnmu ulng the attnsou e
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ah;rnurutxu of thulz m:tmua u Shu wers nat dm.

'__.'-,u vas desided ‘o ut-nam m um-puen uomma

. '_';_'I_, 6! nnp _a‘or rruu-a;'ha prumnulem md ntwl.uhw;, .::-'.ror '

" tho nothornag the: mp;n rrapmd !'m BM nlut:lm ia_.'
. eslorofors wers wesd, The feotherss are shown in Figars 113,
both Baving » signesa Ihl.pl. Siace both m preguencions
mtl nhleratom sanplen chplwu S»iupua ulurpslm im
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by thc “mmtﬂsun at ﬁmu shapu hot.!urn, m dum
' winatiom a! aputtu surfase aress of thno produets was |
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1o the mmxmw terau, whiek Are alse active a
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. OF RAPID FREEZE POWDERS

(O - CHOLESTEROL
€ = PREGNENOLONE

ADSQRBED.-PER GRAM (cQ)
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SPECIFIC SURFACE AREA VS. CONCENTRATION | 1 5
IN FROZEN SOLUTION FOR PREGNENOLONE =
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. ereased vith . curmd unountmum sf stereld tn thn

"f"-'"'"treun mnttm, an mmtiu based on known Shsery

& "m:u be made. T -xpz.m ﬂat m-wm ot this maxiwe

i ln thc sp“iﬂt mr!m arn. Mumr, i ia Desasnary w

| :by tutun wark, _ N : )
[ Probuny the uus pmmu- .tmu o $the axe.
" :;.:_::_.”mu“ tor the mim na u m; b; wm-m uut
i the w.rm ‘partioles prodused i the frozen mam
not ; &' W UW'M i'ma tm uthir. have & _-1'
,_: i:m -truatnrn ﬂhleh th'u rzu w a honayom -ppmmc :
' ;8vok l ﬂmwﬂ would ruult lhin tlu aolnat 18 removed

L .fm t!u mua nass pra‘uctd ihu m nluh in aistri

'!mtoc ln l. hmatm Imcr monshout m BN, ’l‘ho

o ;poru '™ tho partioles would umnm the: spates oris E

azmur muyhd k,y m uxvuh The npnstu surfave |

- area tt mm& . pﬁwﬂr nald bhe dtpmdtnt no% only en ths

':'-'un :f thc prhm pmulu. tmi uu an tho nsrn of
. hnmycubmc in the muolu ' B
u ‘lh. cmmmum of -tlnm u m mnn

o= u}.utiu h Mnuoa. the sixze of m lﬂ'm M“-‘“{.
PMaud W ﬂplé ulm h oxpum tc imrnﬂg bat

un :nparmﬁ. tha aurn u’ lwnqeonbm venu ﬁurun
" _‘luc to the deposivion of tue um solurs ia the muq'_

!‘hh wuc mwm for tlu ¢urmo iu -pu:ﬂa cm“t;-

au'n zm when mmhm mtum mn shaa thc




tho :n-nm n:uttm h-
:elunt h bninc l!'m :

‘.m“ ;gqﬁu a;trom m Mqﬂd uir ii mt lﬂtth!

” mn m “p“ x,-uaxng u:a nmoqumti,y, hwm* =

) n;mzru nurtnt m“. Aaain n hnamw mm Q uxhu

o u:-u m tm «no:atw of a_zm_ nmmmuen tt chelu-
Wol ln tho !'rnta uzuuo' :

ror nm maen,




: ?AR?IQL! SJZ! OF: GHGLEBQEBG& POﬁD!B A& & !Uﬂﬂflﬂl
ﬁfar ’RREZINE REFBIQERAH? .

fsaapll;kup!diy rrcssn ta Ltqusa Hztroscn, luintainua Burtn;
o 1:5%&0& tith an An:tons-ﬁry Ioo«klzsartﬂ R

Spse b 4 !Q A'e:‘ngt
Surnu Partiole
: - Plameter |

eommtuuea
in Frosen " -

Bmpl . -it’a
{Gme)




| ebtained by rapidly fressing solutions of this sonsentration in
' llqnmf aimgm were mot rcpreamabh. sheir spesifis surfase

Areas nryinc from adout 1&.85 square meters por gras te

" prapsred by prewebilling  Dewer flesk with 1iquid airy

82,68 tqmt mma Per grasy With saaples obtained tm
the 355 and mx solutions, » sortain amount of muum

n- dn mtuu, but ast. murly u prmwﬂ s in m

i sffe0t of She tnpontuu &% which $he trenn mpit 'm
uubund u tha -pntt“ umun aru uq ahowe by n-r
plasing the Motem-dry toe sosding sum usually wsed 3

40 k“p m #ubliming nlph tﬂm‘ wit-h & 0014 afr bnth

t

The surve obtatined by plotuns'_ the spesifie surface aress '
of ths powders produced when the solution was fromen fn o
14quis nitrogen againat the somosntration of sholesterol f E
‘in the starding solution f»s uhem in Ptm‘ Y2, -hﬂ.n [
taha upwumm resuits are tabulated in Tabla V,.
B . 3% s apparent trom $he rasulis shas the spocznt".- .
- mhu ares of the powder yreﬁuud i amzaamu from
" that of & wnpn'nhh sespls when m sublining eanple fs -
ntntatmd rroun with an uotom-—dry ise nxtun. nm
means that as the Worﬁm of the subliming sampls
;pprunhu tht nluag tmtutm ot ohlmten, mﬁh
_ ot tht ncrou takan p.lmq .lu.h the n:ris;nuau e




- - » [, ]
T T T ¥ ]

SPECIFIC SURFACE AREA (M2/GM)

»
T

SPECIFIC SURFACE AREA VS. CONCENTRATION

IN FROZEN SOLUTION FOR CHOLESTEROL
- (LIQUID NITROGEN FROZEN, MAINTAINED
WITH ACETONE — DRY I10E )

*

i i 1

T 20 30
.. CONCENTRATION (%)

_F } G URE V|

67




e L T Ty

SPECIFIC SURFACE AREA VS. CONCENTRATION
IN FROZEN SOLUTION FOR CHOLESTEROL
ey (LIQUID WITROGEN FROZEN, MAINTAINED
R0 - WITH COLD AIR)
- _
z
< e}
Ll
©
<
i
ol :
£
&
=
ZN |
Q
T
O
d
o *f

) 26 36
CONCENTRATION {%)

 FIGURE v

&8




.PAR?IGLI SIZE oF GH%EQTRRGL ?OWBER AS ‘A FURCTION
' QF_MPLl TEEPERATUEE BURlKG BUBLIHATIOH

Sniplc rupidlr Froztn ta Ltqutd Httro-
ny, Baintained During Sublimation ¥ith
. Qﬂlﬂ lif Blm&

" Epee!fiil_ AVerags
Surface Partisle

@oueantrsttun o - 1
- J Area- (nsﬂbu)  Dianssar: -
(miccons) _

- in Froegen -

S s ._':-‘rze.ea s euase o}

TR AR 7% S NN FRCTT R 17.60 : § 7 g.my 0] )

B.318 1 14 B TRY }  o.e89

1800 0 | om0
e 3209

.Z'.¢m
R S

v P mvoe O fareel L oaeae 1 e
#8890 feeas) 11,080 0] o guson o
A ind 0284, — -

'35'_'_3-.550 SE Ol 83681 0 34088 [ 0BT -

{ ses0 . oeer] aem 1 o.se0
» 14,38 .1

3718 . lo.voel . m0e o} ey TS




4achnique mu ia thiu stwun. s guestion may win.n te :
. whetner er Mt the uaplu Wight have mslted iu thess sanes,

It thza 14 onur.s 14 souid have nourna only % & very - o
= e degres sinoe Ane ﬂnﬂ.. testile and mtercseopte

appurmu at uun pw«n n- xn n m different tron

" that at tho po-aw- ubtnm-t ih.n ua nutono-ary 1“ .

_ut:mtro m used, - s |

"" senplas m nlu run in: n!zion the ohahttorol'
'u:.uum nﬂ tronn ta nq\ua am'u rum the date u _'am'

lu 'l'-.hu ﬂ, W is nm usnt un a;naru aurhn ara t'n _;
Ly rnauc«l trml hat of corresponding samples in which n\
' uctmuﬂry Sco uxtun was und aa rofrisermt rar im
suhuulns uupln !‘hit narnn ::th m rnnlu lhom
the work wnh uquac nurogm .rrum nuy;u mp:rim

. tne stfest of saxple eofrigerents i

: m ',gg m: ?npio;;tééy'{orx on Ahe sffest ;i-m .
| aelnnt tnr the ﬂaﬂzd solution was m‘un nnphtcdn Carbon
tntrnhlorido was noﬂ in phu ot moretnru Ty coxnnz -
for tha iunid, Bntk mxnnrei and . .&hmdn:tmw.l'r»
dions wers prcwoﬁ. the gholesters} trwu # 0% unlanu '
- and t.ht Ahmdrutmua,l?-dtam trom a u :olnun tn

nrben totrnhlaridu The 0haluurol puﬂar ahtnlmd |
" uhou& a tpuit ie surfave ares 93 dumt 38.07 square uotm ;}
Par gras while the powdersd Ahtndrostam-t,z‘r-dimc hat
. sptaizu ‘surface sres sf B. 94 nqma meters pll' sru;-\\'
{au '!’ablc vm. ' “ )




,pxq,a.p:aly.rrosnn sn-Liquzdaa1r¢-ua1ntatnn4 During
Sublimation with a Coid Alr Iﬂnth._,

' 'ﬁomiﬁtritiia
in Prosen ...
LSodation,

~Spesitie
D Sarfaos
farga

-a&iragi

Particle

- | 230 b Disseter,
f s

12,98
a8 "




| n ] vewwme smenan sroo | eree | evest

EEEEEERS

gtﬂ . gnﬂﬂ_

-
£
»

|
:

At 035 __ so.ﬂm LR E

oTotamg |- wowyme |
 ; awu.uurd oﬂm«o&m .

..............

bt i nﬁa uﬁ.au 3&35# 54 353 23 a..itu kz.?u -..K..-m_uﬁ




towwmase sintoean %0t |

Cvabry evuy peResds |
| PYRbYY equtipaseads |




R Since the cpcutrsa'nurtaaa ares et L ntntl-r;y
_ﬁ;utrtatad 10% solution of sholestercl in ehlerofors e about
RS nqnsrc meters per sran. tha ﬂttt-ranaa in spcoxf!o B

N urruec urcgu of thi tvo yowdcru cuu oazy be .!pllin!d o

thalbanin tf aann uotzon ut lht i&lvontu ir thi nultant
:'urc !nnrt in iho yroeoa-, %hl tp-cltze :urfanc areas usula
7Y uxpoat-d ta be idinxtcnle Thnt tht lonlnt thould plqy '
.an nctivc yart in ant-ruining tht pnrtiali aiuo cf the - o
Tf ataru:ﬂ poudnr is o hc -xp-ctcd since thta ie ; yrantpt-

”fftation preaodur&. . : "
o ?;rnn neohaniex !mtrnby thc aalvini axerts 1t~
']f-lnflncnao Qn the average parttcli size of the atorotd'
""*:"'po wéar pmw“ may be tufold; Nnuy, the tatlmtim

i?'tctwaun -ozvnat and aolut- na; bo of :lpar%anao, .nn
;kilocoadly, tho iypa of 'ryntnx tarndd by the :elv-nt

- freesing -.; have an trrqutg In tha f&rnt inataneo. 15
' f£lllII Iesicai %0 nuaunc that tht Ooxvcat nhloh tnt«rlott )

ﬁ j'u1th th- lnxutc te . arnnter nutcnt will b lorn -apanu

 f.ut prov.ntsn; ths aoxutn trow .;giancrstzug durinx the -
._1{trlaa1ac prnecna¢, I the lntornutloa ;a grcutcr. thn;ﬁ?

' solubility of the stersid will be grester; theretors, s
"“srtattr dcgrto if Qﬂﬂi&n; ntll ba r-qnzrga %o prsﬁuno thc )
{';.éogrca ot supsraaturatton ncc-u'ary to 1n£ttato cry:tni-

' f ltu;ﬁienQ !hia means tbat thc ar:ticnz p-rxod hatwaaa tha




T tlm tt

gu a timr ‘Fartialse liu ¢1lf-ribnt;nn “ “m“ ‘a thl
Sruoa lu., ;

_;'..a .---“.

rhc n%nn c: thu ;ozunt mst:; h un Lla .
purtmt An sho ymmuu »t nnuy nbcivu

ﬂth thc at-roia when. rronn. ' :n mh i cuﬂo ‘h' ‘““’1‘

hnuu ;r ;tmm thnnghwt sho truu MANE. wuid '_
. onplnnz h«ngmou, pﬂmldad that the freesing was
mtuumuy rapidy  With. mlﬂntu Mok ga chlonhn and
" nnum umqmwm-. Ty ulzd

le:uuom nitﬁuum Y I
s m:memx

Imt with n n:nat luh an. ““l"g ﬂ is nq Sl
" pessible. taat L st-ntd nm be mludu frem tbp
; _nxuat crynu. R e

“ mm ﬁ:m 'sx mums An lnupt e uunm f,n.
ffeet or rate ot Treesing was nade 3n whioh & 10% wolue .
chelutorol ,tn ahlorntan nn apraysd inte m _
uquza clr, By tnmdnung the qolutiu in the toru of .
fine drapzcu; 1" vas ru»ng& that the fressing should,.

| "“" hore "\‘?1413’5 e Pr&dmm s ;l'inar mrticla ;130__”-"
01‘ nt&nu ln thc trum nasn,




.

¢ ¥

| ruem ot nhm !‘m thtn mpxu,( The ;ppmhmr or

“the .tronn lnluuaa, rmsm J.a th- rm uf very fine drop& i
e .':'htg ul m& of 8 uw ma. PP pesult, Ahe mnss was
-ﬂry nnpw?. in thn mph« tube d\u-lnc tho arylu mudnn.. :
; whieh made. rononl of: th- h-t porum o2 solvent. vory. .
_:f{furz‘nuu. This i explatnes. ha' She faot that Ahe vapore
- m rutm:e ln thnr uaapc lw ﬂu qruat of prcnmly

shen N.m&hzo LTS upltiu nm clnuuan b; anmzag ﬂut
;zum yarum ot Ahe uuph uu« auriu the arying :

U pressdure; . Gu the. ather hand; ucronoyn ant. nienmxau '_ o
o ebasrration of the sanples failed o show oy aitterenss o
-htwua thnu snplu mﬂ the ﬂhtn. 3 nltlng ‘el

; “'Wﬂ; u would be uputu th-t lcﬂaﬂd mntunm
| lhapu wouls bq oblmu. '

_ _ _,-L:E_ The alternste uplmuaa for this hrst au‘-
 terence in. spenifie. wnnt sreas bunm aupxu h
| j:"'.!'tlwis the hrﬂr puﬂialu u starosd in t!a frozen mi

 grew by nttruuns the. umn-r SgEregaten of steroid .
B 'am-m thn sublimation of the ;o!nnt.. Pormn ”m tnuing :
B tluu aolutun- s ﬁm dnphn* thc tru:m la u rapm




- ."nqutd was. tuhar rmnc on mhuuun dryznsg or mm;d

' I-hnt . nmldoﬂhla q:untity of nmm h u-tﬂm

. throughous: She frosen aolution . uoxuuhr ngmnm

whtoh have m apwuhbh npar pﬂunrn iy %lu uolnnt
o sublines Ahese sggregaten mient vaporise and. be depontted
" on’the m-;ar Ppartisles of Bteroids. iAn indieavien Shat
.m- aay b thc trus uplmum i tkt tu& mt saly:
| ' _'bout aas ef ﬂu wtsmi ntu-ud u ruwm-ﬂ a8 powdep
:n um ;pronu; 1% ﬂnl.adtr htna cmtu over wits |

tho n:l.unt nmn tt thq “ad-mom Im work. ln ﬁxln
: dtrauoa m-i be partam-d lnteﬂ ;nw onmiuaum may v

*ith ne effest of adding tonxgn substanses. so. we io.lu-»
' uu bcrm truamg ':hn w&dttina m u m mu,
"_-:"I-:uqnu m .01130 . ;-;-_{ ST .; '. PEETCUL R

e nth e nquu mzuvu. thl -p»tru m-:u. o

. nma ot thc mnltmt pmm wore numu -m. she

o sly in tuu mmtu In tku urtn, absoluts ﬂhmz. .

‘absolute methene). and the mixsars of 'rnm ynuouly
__’;lmumm wers sdded to- uu initied ulnt:an.
i !'raa m results (see Table 1‘113 i 1 llﬂ .
ms nuu agents reduss tae speaifis. surfase ares, xu
- tho sase ar th- Tween luxtun Sho ohurne duﬂnc tn




L . .
prohabl: m %o the nnludtng ot aome of the poras in the

Leryatal W the adattive m th: aggragating of the primary - fa
partieles whieh are sonted -m: & £1iln of the Tween mixture,
¥ith bthnml m wothanol the Tasults can best be explained .
hy yutuhuns & growih ¢f the steroid pmulu thronsh :
i/ Both mathancl and sthanel fresse at teapers
: _ntm'u bnleu ‘that of an uum«dry le‘ sixture and thor
| fore, they extst in o 1iquid form in the semple betore
- *"“"1 by "lPtnuaa under redussd preasurs, The u.

tﬂm autnntzu of qmuu sarface area with the nu o
. hraa qnuntu: of mthanol. tmdn o bm ond thu nn»-

G lﬂ.h the solsd uamvu. u. vas mmuu u
' ma [ prﬂ«ttn sgent whioh nouu trup the putiuu
ot sheraisd fn 4ts truuor&“'*}-‘,_h was thought that any -
aggregation of the partieles during sublimation drying =
*oWld be elininated and Ahat possibly the selubility of
the starold aould be anoﬂn«, bumn the partisles
would de oxtmu: lml,# !cuuu ST the .‘urn qnmtity ot
 additive sdaed, specifie m:nu Ares measursaents umm
" be meaningless as an mq e the particis size of Ve
ntarola* lnalynn. therofsn, amuhm ol preparing
-.-""-'.'tqnteu n\:ptn&im ar tha pamhn abnimd. am! miu
' -u-m #bumtim.g : ; LoE

: « The rntau thm utrnim was uua u u;.' ,“.,.
""1“‘1' protestive mnt were not nry prmhtns i e




o powders ﬂnﬁumt tren-'&ko praeou un ruduy nttuu
© but as ths esffeine weat. fote solution, the eholestersy .
. particles started to nggionnu; “The samples in whioh '
m ut uu fevs batter results, Agazn the pwdcn m
nttn, ;lthoush the PVP showed & tendency to- slunp when
utud WASh- water, ATSer the PVP had Qisvolved, o’ ‘tinely
distributed mupanuu ruulttd, dut here toe; & tsndomy_"_.
tar the n-panﬁd steroid o woagulate was vhurvﬁ"-‘*“-’_
ff_' ramy than, ‘She - nixtaro o! THeansg un mau fn smal
qmuuu u +he suupms&mg “The: n&uauu ot urnu =
" Sensien prodaced poted to ¢1n Ahese lutpimlnnl ttubuhy-
 On d1lusten ut‘ the wore cnnuntnud suspensions dhporum
of un-t oonomn uharmscruun ruaxud.f The best
 Tewulte tm nnm with & ratio of Shrae o five wu

" at PYP te one pars ot eholesterocl in the frosex solution, .

Additisn of & small smsunt of the Tween sixture to tht
solution bcton trnstaa pm:nau & ponw whish ns nr;y

' Mﬂr watted by water, ity U
| . The :nususat“m in thu ttruun wars mz,y
up;oﬁtwy, -&nd from them 14 san be geen um. aany lntorn R
sating possibilities mut tw the appuuuu and hpmnc
ment or*thu mhaiqmg T e -

The uaptnuan af tht upny drytnc prundm te thc

romtlon of mbn&amm puu-stoin ey mede in an nrm_ o




: '-naoﬂm pnduoa ¥y spray drylngﬁ Y tnet um yery’ p:-»:ln

*hiain o linited. somparisen of the muo of thu pmcdm __
with tha¥ ef papis trnssng and sublingtion mta;. . Because :
8 the liniten tuintiu .availeble in Ahene laboratorins, .
 thls method was met Wxpested 40 give somperable results,.
’n« praury Tanson. for this was. m- luk sf tunutn to
nuut those partioles with o ﬂuctw less than one.

hmla se. ruh out munu m nmun-uua of, this ps :
mm ™ "n-m W uahhu thu gna i thia a:mn:guum.
‘!‘n uuplu ot uhox”torn! uﬂ propurd u:ng
. nmmu L-bout.nry Rodeld apray. arum “fhe tlm sanple -
nn Ppreparsd. wy spray. mm 85 u;uua ot nhaloncro
in ‘hl."'ﬂfﬁﬂg She. assond By sprey drying o x mmtu
#f sholastersy ga lhzanhn, -Both asmpies wers pnmu
- rar thu uumtmtuz of Ahe. nputﬂt MrLeoe aren,
__ szuu spray drise produsts hagd elrsady imn
B mnlyzul rer Aapecifia anrtan ares by . tho nitrogen «d.
nrpttou nthad; the miporpttm lsotharn of nprv-arhd
uholntorcz w8 not. ‘.“l“iMQ (s2) The Pewdereq mzw-
terol »nmu bF apray dryma tht % uxuuoa in mm-
fors was found %o huve & specifie surface ares or .30
sgrars utm Per gran. gud thc nholut.crol. suplq pm
duced by SPray drytng wne xx nlnuw had & upn!n«
mt«n ares af 1,@5 lqmn ntora yw ;ru. rh-u m:mt
" areas aemapm tzo . unrm pnrticu unom- ot 4,04




j xt uuu Iu upnm thas ad -Yhe. namntntim
at uoluu in the apray drisd solution &saruud. the. . :
| average partiele sise 6f the powder sbiained would dnmu,
© providet Anat the sontrelling factore, such.es. dtss .pcuais ;
'md ruc nu, were. kapi the. mn In suis work: $3 2 nn
" found Anet the. parttsie sisen obtalned were jdentical ums

a ummtnuen b# oo 315 in the. uprv drlu mlutiom

.'zhtn un h: nhtaa t.o tho hct !.mt Hu tynhm nuntt
u« m thlo “rk s ut upnhh b: nuuung tlu lmlhr
nrsmu preaaua. #amiqumﬂh e experimental """‘1“

- m onzy u mepsure. of t:u p;u of tht mtiuln umiﬁu

' har thc Qynm »num uyhxod am! m Rt be. hkm u
- an muaum Qt m un pt m mzau pnducul by




T __..e_nuoaut.u with Shess ym&rt. The xurn purfase ares

" i Am dn e thmodymtm.‘l; atable nutu

unr shc energy ﬂinttomhipl. mkum the steroid

. PAR® I3, INFLUENCE OF THERWAL AGING ON THE SPRCIFIC SUAFACE e

Sl !nnu of th- macnsy m wuh thase p»ﬂn&
ahntdi tu prodused, 1t aight be, upnm that i.hoy uxut
an c rolntiuxy unatable form, ﬂm zm!tnuu thst thi-' :
h Ahe gase u the o:uremzy high apui:u surfach aras

lmuuua that the surface snergy on- the ateroid tu thu
. form As very high, wush bigher tham &t ;; when the mma

; =iy ‘Ahase ;om!on o rcpronnt a thnrncdymhulr
-.;=.-mum !ou of the liiﬂﬂda; ‘external foraes ey ot

v powder 46 approsch uors Rlosoly to e mmnﬂymteany
: _,.;-'g_-'__nhbh state, - The staplest fora in. whzah an_outaide roru
ean be applisd to the powder ts in ihe form of uunuz
./ enATEYy AR 3P She foregoing esnatderation is. Sruey an
--"_.z,nuuum m the - phntcd mmﬂ c:r She Btersig puam
un Maﬂ'; ' ' : '

wan studied with we. M:roﬂns mplu et ch&xnnm Lot
propn-a br th- rapu trcuingumuuﬂu aryina proenn.‘ '-




| *hile the senond Saaple m u«! nt Q:lcuud m;.ntmu PR

. _ l:n thc tirst atudy . mpzo of -nuunm pros
pnru' l‘rn n, 10K aelaucm aa thorotan umg an nnm _
lry lu aixtnro u ulutnm tha munlng mpl. lll uua.
‘r!u npul:u mrfnc area’ m tcuntmd :nttmly ma ﬂmx-
m auph uu nund o lw n. m: tupanturc ru- a
pu-toa ot nbmt nw mths. 'nu l,pnu'te im-:au -ru :
i Qf tho unph ua Mtttninu n @pmuauu m lanth

_r the' u«mﬂ nmd; . hrgn qmnw tt upidzr
rrnnn-aubl ‘&utiu auu cmzuumx uu artparod rron n
lﬂx -uuufm in thlouron mm a aelﬁ air hth u “,‘M
' uzn tha dryins mph,. 20 pr-mn . mihhh qmtity
ar thu utuid, uuul rm ‘wars rcqutud* 1
" ‘4ual Datehes were lauuuly uuoa and tha up-earu sure
hu aru nr ‘the total sample was utmm-d«

RS !'rol this hrsa mpxc. mm- pmtnn. wm

s tnkcn and trutod in s um ana at tuyornmu of

48% 0., 56® &, and a* 0. for specitied porioda of bime
A:tor eaoh muag. the ;p-uru mr:an aru of thi

" powder was aum:m, nnpxza.u sunples un uiaurzy
trutad ta ohhzn s chm o tho rnuuu N

Tt CitE e

'&huluhm dtu-anu an ttmdau n a-oon tupor-




atura is shown ty $he rnuéna wmnu in Tabls. ﬂll.
- and. the euree ebtained uhau the. spninc surface. u-u at thc

powder. 1 pzuua against Ahe $ine of atanding. tnm vnm
}___rm nt- o: deerenss of: m:‘no u'u Sn seon ﬁo m: oft

i i.hq 3.mt-h -t im mcrouw,

uhnn th:t" the decrense. .‘.a -puuu mrtut ares is wry
mpontm aoymmh zn amr mrﬁs, . htgh tupcrnurc
S »-nu;m is to be uputu tn. tho provess,..
:-;.-smo Ahe rate sf dininuticn of She spesifis
- ..-.mtuc' nrn k1] ﬂpmﬁmﬁ m& m w«;m., H ny ba
" "'_up»m (s wsafors appm.ﬁutar ‘o m m-nmmn -lqﬁnum
whioh atatesy |

T ﬂuu r is -_r.ha'uu ur dnruu'iu spusuc a&rfm S b
- ,'__i* ﬁ‘mluu mpw-twu '8; AR fs uu mx ot uunuoa

and n ia w; ;n cammtg !nugnt&m tf thu prrunon,
-umlm OE to M mmt. ginn i R







AGING

M)
o

©

S

SPECIFIC SURFACE AREA (M¥/G

OF CHOLESTEROL POWDER AT
ROOM TEMPERATURE

A

2 3 reu 5
o TIME (MO.)

FIGURE VIl




- TABLE H

KLEVATED TENPERATURE AGINO OF CHOLESTERCL rowcER
| PREPARED BY THE BAPID FRRRZE METHOD . |

; Spu:l.fig Burface " T

Original Sample,

$5% i

f.ﬂ.htsd twe hours at o
AN o

L3868 0 Heated 'cimt- houn -u.ii'::'

'-_Huud XG Ws n
fon $6° G

ﬁutsa R mm s :
% L. 2l

s | 15,48 0 F Hentad 88 i’w‘aﬂ a.t'

' 1.«3 L9988 0 U is.oe ] I!utgd 84 heu.ru at

S n-awx o4 m» % 45’
-

i ] Bestea 95 hours at

e ﬂutsd 93 hours n.t

; 1 Butgd & hours at
~58°.6,

T _Ih_usd £ hours st -
- TS

Tsuv,ga 4 hours sV




o TABH_ ix _tcmt_ﬁ)

poﬁ g Furtase

1 -_xntsd . hmn nt L
B8 Lo,

3 nutad a luun a&:

: n.ﬂga i-' !;mml:.. ﬁ-:
-_M '

-xntgﬂ 18 hmt u&
W I 7

o gﬁutgd 1& m:-n ut.. :

[ roatge s v e

Butsd G honn ut-’fi’??i‘.ﬂ-f; S
SUR -

:-'Sutgd L hﬂm .t RO S
O~ -

S | xcutaﬂ 4 kanrl at B I
: M

: nuua ‘ tms u “"

xutad t hma at
, M

: _f:--Hutsd 2 houn nt
£4..Cx.




| SPECIFIC SURFACE AREA (M¥GM)

>

o

AGING OF CHOLESTEROL POWDER AT 45°C.

~ 20

6 eo T

" TIME (HR)

" FIGURE X -

1+10]

89

ARG B e S e e b i e 1 L e i e L . e




L

SIS S i M VA e dege e

X 3¥nol4d

CCHH) 3WIL .
N.. W | 4

0 g

- '0,8S 1V H¥3UMOd 10H¥3LSII0OHD 30 ONiov

»

*

(NO/zN) VIYY 3DV4HNS D14103dS




IX 38N914

(MH) 3wl

L] 9 ¥ . 3

101

(WO /W) V34V 30VI¥NS D14193dS




, : ,un u douuam from uwn :x, x md XX for uch
mpmmu, and this is lqnlnlcnt tc the rats’ at m
?f}?;pruousn nt thcso toupcraturct~ Bonuoquontly, ;hl 1&5—7

u-w:n u! thu Ling nqntnd h rcauu wo speaifie. -ﬁrfuo

,'ul ot thc amozuu tuptntun in !'unn xz: to ahot that

- From this squation 4% s seen that . plat o: l.u r 'nrm

R V4 wm uﬂ t nnigh_t !_.m. thmm- nl-upo oqnh-t, : AH
' Lo 2,303 R,

: 'rho n&mtin m puu'n mrran u-n pt* mit :
.:""‘“ Int nnnmt t«ponwn, Mmrn tho nu or tl:u

‘trmu rw ompzo, m nn roquzru tor the. npaaztu :;
mtm ma h reach o nnu of u nqmo nton ptr n'u

L u &ha denired hnl L‘us ) m h zubn;ﬂuu tor
5 \103 v e thc plov of tue dqution. e
S l'hon the dniroé Jevel rer _tht -peutit mru-
&ru u ut at 4 sqwc tcurt per :ru. the tm y« :
‘i“h'ﬂi to rlnh thin uiut !l 15 nmv.u at u‘ G,.
390 minutes at 55" O, ana 5000 minutes at 48° Oy The lege

'aﬂthu wt theas times has hun phttn uumt tht rnipro«-

" the smmt 1ine relationskip i follewed rrn the nopo
‘of the 1ine obtained the value of OF has desn saloulated '

o mﬁ tm 46 be .ppm:mmzy L nxeuxm.u :m- uuu,

‘nu Msh mray cf ncuuuu for thn prnuu




SO R S g

X 3¥noid

-4 e of 8z

ONIZ33Yd4 QidvYy A8 n,mmqn_mmn_ 43AMOd TOHILSITOHD
30 ONIOV JUNLVYILWIAL Q3LVAIT2 dO 10%d SNINIHYHUY




o wn " rulu out he pnun;uity ket the qhnmn,duuuo
- M6 spesifie. surfase srea is the wmn of & nparzutloa
.' '-pﬂuu vhenta m nl“uln of ntﬂ*ﬂid im the smsller
i ;gguga&u. nr mu niwuu !uu uth wm tatomh-'
mlw hond:asn (mtabu mvmum pu&t-tmn) npﬂr.'sn
my o ‘tondense on tho zargar pmxmn in nﬂ ﬂab}.
-.-,_s\_'uruntaum, !!nmr. the hig‘h mrn nqu:mm‘ t

ey lmmlss %hl nun inditmm muuu, ' _
‘ : -ttﬂ yhomcm wmd mzbu b 'ury hlsh tapcntun
o worticum nntul in thu prount nun '
L n_-_trdw ’u p#atn&au l 1031«&1 iumm _by l'hich
th o’hnrni .ahaam nighs nam-. tt h mnnuw t.a bo
' tuh:w ﬂth %ht thml.u n!‘ ul.tlaxn Mou\u; th:l
| -nuang yhmumn [T ceopmun phnmomn, ta wm
itmdiag ur "t mx serve as s xnundusu for m uylmu
 $lon ¢ ot m results odtained on thouud aging of m
t'rnu-arhn powders, Per t.au ﬂuon, [ brief nuaid e
ltllm Q!' tht phenomenon or nlunc in lmznﬁod.
| . Hoax uf the irutun% ot m unmc phmum '
o m bun zamuma rm tha ntmdpomt ot thauwrmau
er statistioal mﬂwue& l'o dauuu Ahsse thurﬂtnt
o '_'nppmahu, htmor, wald roqain ; nn uhﬂd dinsers :
: uuw tlwz h urmtu ha thu r-umm ’rm.toru, thu
- unmnm um be huuod ta » brhh quontauw &ucﬂpa
“M* i o : : .




':’""_tmpcnwﬂu P m. m .f phuc h znauut by incrminc
. -ﬂu tmponmt at a nmunt preasurs; & diquid s W““* o

- -mt snuumy relates is the Gibbe rm mu whith i

- dopmﬂint nwu $hs internal nmru md m -ntﬂw o! She

| -ytm, A pl.&t ot the ai.bu froe mru s 8 rnmuua of .
S temperaturs for & th;pnfhd sedel of solid and 1iquid :{
_' :"ihnun in figurl x;xz, m hornmul um rspncmtm

! - The. auau shtw ﬂ‘ mluns i that prnp»u
L h: Limm £48) - Aanﬁm vy this. theory, as m

m-utm h rl‘l.ﬂ§~ tha mpnwu nr ribn&im uf m

'l‘hn thsmdymu quantity ‘with shick mtw i




IDEALIZED PLOT OF THE GIBBS
FREE ENERGY OF A SUBSTANCE

ENERGY

j . ;:.

Gg

* TEMPERATURE

FIGURE XIN

Bk i i B 5

i R




_ jrrun he mph u an ht tun "'"::3 _
‘hat st tmpimw.u below: $hl melting point the solid . o

:_ Phuu m ‘Hu lonr fres mwsx ‘Jus %o §te Jewer: tnttrm.l.-'

-_imray‘ M uapantmt aban the nalslnc yo:nt thc uquu i
phuo aainh lmumu % thcu W-ruturu. the incrutu
.m””, .t tm Aiquid. u m'rzumt u ounmut

P '_‘ th»uttm unaidmum u g.:,ung. (s:.} ﬂc nm:atr
an’ oxtmou ‘aumll aryam. mhmm mu » f" *w”‘
o awm, ‘and ‘showsd thet the Seaperature renge in whick Abe

chaagt et pauu oseurred. nieht be of the zmur of & '-fmu

of & par osut of the mum Mpuutmw ‘!'Ml *ﬂﬂd

) -'”fﬂlpiﬂ Toughly te & tepersture rangs of a dogres or so.

L b NAGK thie mm»m. further sonsideration of
: 1?'_':_ t.hc phmnm shasrvad: in ahu reasarch san be meu-smm.
LD 16 ge pesstble Ahat 3n the formmtisn of these powe
| «u'uy the rapid amumg-mnuuen drying. ut.hu. w.
© stereld precipitates in aa um-pluua !m in wnieh the
wrientation sf the solecules of wtaroid leavas them in -

':mauuay mmza n-um* The mra relationships

m sush a nimueu m h mnmtﬁ " in. !'mu XI'I'

where uu mrgy zculu at the stable. nzmlu “ -ﬁ and
: tm mtnblo u:.cnht nt 2 m ﬂprnamad crsphauuy.
B .u &hnrm wsr te nuppnﬁ to the IX!M thq mgy




" ENERGY OF A MOLECULE AS A FUNCTION
OF ITS ORIENTATION IN THE AGGREGATE

ENERGY

x

- ST

[ R S
[+ 1 J N

FIGURE_- XV

bt




. devel of the mshesules at: pumu ¥ 3a dncressed,. ma it
 wuffistent. amrgy in uppnua. thess mulesules. num the
L aevel et m mum pnmm m by point G mm'

| tht uoluu},u of dhe aytm as naam u waoh m um&

e that. thor m sapablie ot pgum tm o mouur zmly,

" :_'.r:nmhma 3 ﬂml amnxw uthcr u & ey wﬂ-d !‘m-

: .:._-j_.‘l' “ ‘ liqnid* h thil m, Qm m.' nz.m" ’a
- _'_':_?'_'._‘muhh mutum buwm sapable of “m‘_ _m“ “1
[ wules then esex mmzw in the erystad zmuu.

S =Zt mt. ba lmrm in mind um ths !ntcrpmuuoa
| 'u Ane ,.-uu in m. n;;art is m-a m nm.u mm- .




mental findings. Defore any definite statemsnts san by
' nade sonesrning the abserved phtmnou, tar nore o:p:rsu
i nnm nrk nu be ﬂqnaﬂd Vi e :




_"?hh ressarek m bnn hrsoly gmzutm '
uput nnu 1% has »momua $ta0lf with o mmmuu
o wAtK whieh 11481e previous vm-k Bas hesn dons, From 'thi
7 type of stady enly broad senclusiens ssa be drawn, bu
| waoh af the valus in this Aype of werk 1iss in the faet
‘. that the areas for futurs study are drought sharply inte.
toenu From this nrttnhr wark the ronwlns umluntom
“ean be drevmy
¥ S‘unma san be promru. in '&hc ﬂmi of mum

9#“03,-: by rapldly freesing nn;nﬂm of them and w
- weving the solvent by sublimation from she tronu mass,
Fhathey m- u * ynﬂud nmd sy mersly s hbamtory G
suriosity will ve tmmd by future sxemination of the pronn; o
%. Laboratory soale sublimation unite for nnung we
frozen seivent as a upw have bhean ﬁu!smd; ard the upu
ruulnuc-mnuum drying precess hxs besn ducrtbcdn
Tha sethod aw desoribed and ths sublimation waits QW
granned herein are not ulntuﬁ 0 be highly efficient, :
8. The average partdiele sise produced hy t-ho np&é‘

~ freexingesublimation drying sethod ia depmdont gpon t.h.
soncantration of stervid in the nhtioa whish u tr@nm .
A sritiedd cmmtntun $s found at which m unrm i
puruna .zm has 1&. hut ulau Tuie withu smm




' tutun nrum tor aach n-roin prnnnﬁ by Ahis uthaa». :
lq The. nrtnsa sixe ot th. pwt:aln produced by um |
method ia. duymam& spon. tho mpmtar- A% whioh Ahe m:« o
| solutien is matntatned furing the sublimatien of solvemt,
| u thc tmontw: ot frying tu tmnuu, the Mulu
3_ ':.n t,n- rﬂau nass besons nore npabu o2 a-wm ‘tn sine
curing th- vmvﬂ nf uu qozvmt. :

Yo ﬂu 'maum .r ton:cn m-ﬁmu i iht m}.uuu at
_.___-_:.':unm bum :m:m mm- the unrm ”rmlg -zu
of the yoﬁn- »umm lnmz pﬂlrvlnyzpml tdm
. added w tlu niut:lon tﬁ t. utu of. ;ppmmuly tu-_
parts PYP u nm pm L 14 itcrota* $he. ruuzuna ttweu
wtnlu tw M yrqm-« in m ton N’ n liintt;
- nnudﬁ mpm:m -mz m .m ﬂ' a Ml umt
¢ mfug mun ageat, - L
8 e u-uu pa!dnn pnpuroa'sx this wethod in th
abmn a: pnmun uaqntt e mta&:n tm the
' _ltandpunt nf r-uinlnn tholr sriginal xungl wﬂua
_nu, ‘nu nto at. -Meh th: tpuu:u ;mmu wu of




t&-tﬁ“puidcis-ai«rnnuia in“hzghiy dpindtnt~npen the temperas
ribed by the Arrhenius

ture; ‘and follses the relationship des

T




’ lue!uran !. !. K:lr atriek ‘ 3: c :
o o Amy Chom, “.E, sz-a EJ. 7“ “' *

: mr Hinshelweod, O, K, o nu-u.y. a,’, Faike Nas. 43,
. TBe94 izaae). i

"lrnubtrgvr. A. 'toohnsgna o Qrgmtc ehnhtrn
goh A1X; 56 Haw rk, Interseisnse Publishers,

AR -

_(195 ' L _
anku-. n.., Bhn hndq mu. }_. SMI (1949
MW; L3 " Nm !‘lud-.r &h ,z. M (1949

"‘rmtu. B. ﬂu Dmlns l. 3. nnd nuxm, !..g Mu,
- Faredny Booy Gy 83w55 (1949)4 '

I 1} I Tarobuil, P and Huh.r. i, G., l., Ghu.; m;. 3%
T L Tied (1949}.__ L g

- .g?.-i-’f‘h'r.nuov! X, V., 31 Buss. Phy.«cau, su. ,gg. :m»ss, |

PR

(19es) G, A, gL, 2098 (1927).
{lﬂ) l-um, N P Trady Imh g .31 T8 hr*lwr Gomunt i

_ Vniy, 191~ (1940 Khin. Rtttrnt» Zhur, ‘*. Nm ‘*
‘, £19 30; la ﬁy 1“51 R

' {n) ?crry. & ﬂ.* Chom, EZngr. Handbook, Srd Mu 7» mm
- L3078, Row ork, Hotraw nu;. (nw)e . '

(13) "’“i’ .Q( Jﬁ ch..q Ph,‘o 1103"1‘ ‘1”9)‘
ST ruaku. J.. 3. cxm, mm. ,1_. naa-w tnash i
(10 ‘l’uaam, G. ' "atﬂu ot &gmgaum* (mw ty
L (“%) ahi); Haw '!ork; D.. Van ﬂnatrw Gt.pxnc
' - ‘

o (155 1311. r, 8. ma Strtau, 3., am,. Fuudq .3“1 8
g el i:umh Lo - : 3




'“Wtzﬁ) Kirk, n, x. st Ottmar, D, 7., “Ensyolopelia of Chen. .

. Tech,* hgwﬁlhu, Faw ‘Ierk, Inuncima &uexwu _

ulopmiin i ‘

1.} Ting, %, B. and NoCabe "'"& Ind Eng: ‘Gh-n; ,
o st feso. *» fde Tage jﬁ'

i {xs) t.n Hooky Ae and Bruns A. J.. D!aﬂ; ruradtv'ﬁocﬁ.ﬁ,
L 11eet (1949 " st

:{1 sﬂ.axmdlr. A . and 8vhmm. h ; ecouam sa“m, .
ey Voly Xly Pu 658-6&. _zeord. Glanndan Frnq (1?49

SRR o,

- W;.iso) aaapﬁczl. Ay X and Gaugbtllg

- 8000 B3y sssaaoa (1937)

;[tn;} Praundlion, R,, "Colicid and O izzaxy'an-azntry, 7”5
T erasn B4, Urranalaced by K. Hatfield); p bre-341
London, Neumman wnd Govy Lt {10m8), .

: gas) Buckhg !.a B,y '*aryahl aroﬂhﬂ 3*« 'Ioﬂt, Jm )
s ons, Im. (}.951 I I e

;ﬂ) M; ﬂg 'uy 313': m&.’ 500; ,ﬁt xM ‘1“$)

{34} !!ndinx, ‘Aus "The Phase anxa.- ‘Sth x4, P 3&*‘7;
if;ndm, ltu Xorky. au.. Lenmu Green and G«

,\.

':- nUE ‘1910}# . _’i_ DR )
' -(u: rr#m-._ %, Gyy 'cenuic sy genim lonugnph,

tas; Mare; R, and Ve, " z. rn;.sxm ano-.Jub toede

IXIy¢ pu-B1Tn2B, New
Chemionl - Catelog Co.y Fne, (1988}, . . -

;n'r; Gran, G, 8, v, naﬁ ﬁm. 4.; i., Im.; xm. ﬁhﬂ»
| “4Q, M-8 (19487 |

. (sa) arcaborg, The, 'cnlzoid th-t-try, 49¢55, SR
New York, Book Dopmmt, Chenie haﬂ.u 69.;
IMt ‘19“)*? “ TSR . ,'-;1: - j;: -'_--:;-“' s e o Lol

&sa} tiosnnr, B,.P, B, snd xzzsan. a*, arst. azs,ae
o Dﬂﬂq ', 3.93‘. ﬂg " ﬁ; : . . s

tlﬁ) Hartmann, P, Faturwissensahatten _&, 87&-—0 t:ms
Gobe r.ﬁr ‘_933*-:' S D S - R

caxx Kersack, ¥, O. and Yoge, G In 8., Pros, n¢,§ a,,';
: mtnbursh .ﬁa 73 (1928) € Ao ;g. 458, _

ork, Book n-partnaét.“""”"°




tzz: "ff';& }e, m !mmnr. !.. Mnm 1. 15&-7‘!‘

tu) no?iua Pi and nuuoh, !., n:m-u. %o m. n-na
- E

_(34: nmsmu—. h., naoohu. :. ,u, zu-u (u:m.
- {38) Beek, W,, Bioches, %, 108, 47281 (1928),
{s8) anu ) (A Btuha.. 2 m, MM (1930}»

O (8Y) Inia., 388, 489-40 (2926), 0 %

(u; Fiesdort; %, !'.; "Fresxe bry:ns,' ln 'tm. aamuu
.. Publishing Corp, (3961), .

(as) nu-smu Waek 1980, n. wra \E&prn nﬂ P B, », u.

v A

ua) nusuua. 8, "Powder mm;ogy * Doator of thn»
phy Thenis; Univ, of !hunnn hN& PO .

o {4.1} Btltnr; R: snd altulnyw. I r.i *Advanees m-reoa
. - Ressareh,* Vel, IZ. p- 899, ork, Muduio Frens
zm, ixsmh o o
{u} nuun, e 8,y Ina. m. chu. gg. ;ael-a mw.
. {ﬂ} Swintosky, J, V., Riegelman, 8., Higuoht, T, and
.. Busmey i Wi 5* ARy th,t. Ansos, Beol, Bd, 38,
2105 {19493, : O
(46} b3, 38, 30813 mm. | \ |
(45) Bwintosky, 7. V. and Ruey A, M., To » puhunnaa.’ :
(u) Rao, A. l.g ‘*Physical chunct.uﬂntioa 17 4 Cuprum_ >
. Tablets,* Dootor of Philnophy ﬂhuh. Gnh. a: e
Wisoonsin (19882},

-{t'n m.dmm. L.¢ Gresnspan, m and Lnﬂn lh A.; h M,.
Fhara, Asnoe, Bol. Ed. 40, 54 { 19515 TR

'(48) ﬁhutcm, 8., "Taxtbook of Physical Chemistry "
- pe 454, Now Tork, D, Van Nostrand Ce., Ine. tmoa, .

tw)Hlﬂmtudor, Jey Btevenson, D, and. m*xm l!u J. r o
.z, Cheme. Phys. .i. 296918 (1987, _ A

(80} Fremkel, 7.s Trans. Faradsy Svo. 23, 5868 mmh

© {81} Blater, <. €. "Intreduetion to Chemicel Phynu, 2
. Pe B5689, iw !ark, !cﬂrn xm. (1%8)«. T




'iﬁ&} !thgnlnun. l‘ & &w&ntnky, . Vﬂ ﬁlmhi, T, and .
L Buanes. ke Wiy ¥4 m. th.s AR08, Bch Ra. 29, -
Addo80 utsos_ . S _ -







'm ?rownuou of Marelda u '-
o murm a.ruol“

Bndor ml Suporﬂuon nr'u-ouuu Prarnur :
Takers Htsmh& _ :

- ‘ ’lhm‘ nquma mspamnm of medioinal agents ars.
 adnintstersd parqnt-rulzy. ‘Anere txioiilllfﬁsti§ilttw shat
. Ahe wolidw 1ntraanc.¢ inte the t4asuse: will be' srritatings;
f{ The, ;baiity to ;rrzs;tu tha tt.nun -.11- ;n . tannttua of
hoth the ntu at th« pa.rtuh and. tu m-sm mpsruu
- I! tlu atn or W mpm&oa mtte:.u is roduena mu-
' tiontly. the trrit;ttia will be uzaznzsqa ang the 41ff%e

cnul.u nuauu& with the trritation will be ﬁzuum;;_

; The at»min nprumt a sless of sompounds whish .rc

of.tm mznunrca pnﬂnhnnz in the tan of maum sumw |

_ pouim, ‘but h-unu ot thur munz utmt ﬂ in nry
o ' azfum.t t-t yrodmu thu in & fins state o ouuiunm

o Many mmqan have bun trm in an sffert te profuss '
 thess nnpom- as fine pnun. 1Y w m pru-nt uu

" none hn pnm nmlphm: uﬂdutorn AR *

G Im s:m !mvuuantau, & new uppmeh to m ‘)
nmurm o!‘ tlu prob).u has been uu(h Bnlu&&om ot th.
stareids ware repidiy frosen by ¢ dropping shen tnte liquia |




u,. . umg gawsgm -The. nlnat m thca rmwd “

® vaper. tm tm m:ca sohtson hd plnm *hl tmm
un s & nnﬂi ts'ﬂﬂ M ﬂ“"m the pressure, m‘“ '

: the: aoimt muxmu, he steroid was left hehins in *h':'_:
fora ﬂ Xy nmh‘ subdaivided pomter, the sise of \he Pﬂ“.
L putulu Mpmﬂiu wpon nurul ruurh S -

Ths most fuportant l‘oqwlrmmt for m prmt“*“

" of fine yirmzu of aterois by this method 1s that the

| fressing of the solution bs. suffielently rapids By upmx

g,..,m the uslnum e sritioad pertad during whien.

o mtuu uz‘ ltuﬂiill night :mﬁ. h ntnzuium “This

' wium p-r:u uhu lntnm tht l.mtmt n whioh K

clntiw &t thu noluuu ahru w thc polnt & uioa

thl vinuuy "t thl uhun i i.mrune & such m

kant hy the ualh:s that mam (fcﬂh i- auz.agibxu __

__ : o order- s» investigate the poraibilities and - . o
| 1un.num ot m pmau suploged tn.this work, & mbw

of fastors mﬂ muuu 'u dntmm thoir mzncnu u

tht £inal yMuh !’hc ;nvnﬂ.s&tlm mt Ha!toe h _

upiouﬁnrw ntmnn frm thlck any mtrdtnd iomiusm

mn L4 drm tumu tlu mpt ol mn -mu; m '
e hraal,, sm« the obgnuu 9f Lhe mOrk was 49 arcdan

e finely mbdiﬂau yawam it van. .desided + use tho tpui:!'h

g nmr!un uron u Ahe . wlnﬂu :ar Jm!ging thl u‘fnt tr m

mumm in m prucﬁnﬂ -hiah wrs im'uuxat«lw -nzo

apuun m:nc ares is. Mmux nnm w the puﬂ-mc




" tinensss m: .an maauy be au&-am hy'-ta--knré_m u;
”,.pu“ metheds : Lo
” m ﬂ.nt nudy amurnu. ltni! -ith m tttut e
. nt mym the nmwtmun at .m-ou in the »J.at;nn
) nhnh = twua. 6 wan' !'m that & witlm tmmtnum :
© sxista a¥ whioh the spesifie Surfass ares has ¢ waxisus
'aimn, ror nlutsona ot *h»:uuro& sn th).arvtan. Ahe
mam- umﬁ whon. the: umnntntm of mxuma 38
s ﬁu wluum n:n w;mmmy 10 ;m- unt. “The npntu
mfmt u'u #2 Ahe !’“ﬂ'ﬂ obtained. ’by prtuuhu aswh
-u;uum m tbwt 2,8 nquu aow;@w Wi 'Mﬁh :
' terrnpﬂdﬁ h - nma-?'pmuh_ aamur &f TR

G - 34 was found mt the mpunm ot t-hl mrl
mrm; tkl mnmaau cf W uhmt 3% alsy wuw m
: sulatm m -pasm wtut area’ l‘f the powmisr abhmoda
: Tae sleser m mp?.c tup«ntun gppronhu the uu&na




B rmum-k m-m: the- m«mg yroeun u . _".“u%:_..._'w :
. fine pmuzn ot -uum au produuu B2 u p-unm .
_u ron amm nnotaﬂ mpmtom of. mn pnruun e
1!“& thq au o 'Y mhn aﬂiﬂ mh
o I asdivien e the tmoaﬂsﬂiu of he repid.

: tmsm-nhlmum mm proowss, the. wum mmo __
of Ahe paﬂtclu yredmu! by thu nmd AR, ulu nuam!.
ﬁuplu ot ahni.uhnx pwhr yradnnd by this: mihpd wre
 sunjested %o theraal ;nnumn and the ruu.‘l.uns .hmg'-'
o apssifis -urtnn ares ves dﬂcnmﬂd; . I% wan found
: that- even n mn wcum he spoﬂﬂs mtnt ares

: :-'-.'m- roﬂunuu in nyuzua mran ares ahosmt
a nry high' mmnm sosfricient, indisating that mn-".__ __
yMﬂ‘l pﬂw\wﬁ W thn nsm e nr’ nmium “' &
therual w:tnmm l;v nnnriu ths rate ot daerm.
in spenifis inrhu ma Ms sthree mpmtunu n s
.gmnlbu u show sm- the yhimm sonforas appnx&-
nately 0 she Mmm equation, and $hat At hes an .
'utinum mrw = m nighbnrhnd at w keals: por

:llll_a. 3 : _ : A
:_-: . The nsn&tndt ol b nttnthn cnara? iMd -
- the. nmxnnnu fhat m prﬂmm hy whioh ﬂu spu.'cﬂo:

mmu u‘u h ininhhoa i 8 »owuuu phomsm
nhnw . mun; A s sekid phau trmuiam Et s
-s.nuroly wutu:.t 4hiat m umd ul’ yupurins theaw




yrodwuun ut t&l_nnnad in ¥




pr;rov;ad %a.ﬁe gm _

Date /25

-




