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Tablets bay© been defined in  a timber o f ways* Perhaps on© o f the

'better d e fin itio n s*  form ulated by the Combined C ontact CoFudttee o f th e

American Pharm aceutical Manufacturer©1 A sso c ia tio n  and the Aaarican IJtrug

M anufacturers * A ssociation* i s  th e  fo llow in g* “T ab lets are u n it forme

o f  m edicinal substances prepared by com pression or molding* fh sy  are

M ist frequently o f vewid or discoid  form* but may be o f  a great variety

o f shapes* Cmmtm&mBd ta b le ts  may be p la in  or m ated in  various ways for

p r o tec tio n  o f  in gred ien ts*  masking o f tastes* or for ^ e c la l  therapeutic

usee* lid d e d  ta b le ts  are u su a lly  e a s ily  fr ia b le  and cpieklr so lu b le  o r

disijiiegrabl©# In a ll  cases* medicinal ta b le ts  should exert th e ir  e f fe c t

w ith in  a sa tisfactory  period o f tim e under normal conditions o f use**5*

In X93li K ebler estim ated that frori on e-fou rth  to  ono-thlrd. o f a l l

the jsmdicinaXs in  the Bnited S tates were administered in  the form o f

ta b le ts  (X)* T ab lets are probably mp%&ymd in  even a g rea ter  ratio  today •

I t  i s  a lso  tru e that nearly every in d u stry  makes some us# o f a ta b le t

machine (2)# The main impetus for such an enormous development o f the

ta b le t  in d u stry  has been the v e r s a t i l it y  o f  n.m ©f the tab let as a

conven ient form fo r  the d isp en sin g  of m edicines* for the preparation  o f

chem ical to s t  solutions* for s t e r i l is in g  agents* for food* fo r  fuel* m d

in  th e  m unition and ex p lo siv e  industry C3)* But c h ie f ly  and forem ost the

ta b le t i s  a cofiTeaim t mode for the ad m in istration  o f  therapeutic amenta*

When coated* the ta b le t  renders nau seatin g or b it t e r  medicinal® ta s te le s s *

I t  p reven ts decom position o f a c tiv e  in g red ien ts guseoptible to  th e  © fleets

o f  lig h t  or moisture* or permits th e m w hinm ttcm  o f  incompatible

ingredient©* The advasta g es o f th is  type o f  phaxrmc<3utical p rep aration

are* .mecuracy* o f  dosage* eeonosgr* concentration* s ta b ility , p ortab ility*
-* Osol and Farrar/U.S.D*, 2ifth Ed.,~p7 1177 (19U7) ~
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absence o f a lcohol, elsgaEiee, m d  convenience la  dispensing m d  

shipping CIO*

ilthomgfi ta b le ts  are considered a e ^ a r a ttv e ly  modem type o f  

pharmaceutical preparation, dxy remedies in  the form o f  m a ll d iscs , 

f l in d e r s , or ta b le ts have been knomi s inm  time iisnoRioTlal* Possibly  

the e a r lie s t  reference to th is  t^pe o f remedy i s  r e ta in e d  -in the 

Papyrus Ebers, w ritten  about the fifteen th  eentuxy S*C* (5)# Tablets 

nere a lso  a very popular form o f medication during the Orcco-Poman epoch 

o f medicine and pharmacy* Ttm Higpoerate-an Corpus (Hhose authorship i s  

attributed  to Hippocrates) includes a process for the preparation o f  

such remedies (6)* In the early  litera tu re  they Here described as 

* tro u b led ” from the Greek nerd troches, Kenning "round or drcuiar*,|  or 

S#p -s s iils ,fl from the Latin nerd pastfl3.ua, w aning f,a l i t t l e  lo a f o f  

fbod*« Those two iersis -mre used interchangeably* In the f ir s t  century 

A*15*, a nm m , C elsus, referring to important ch aracteristics o f  p a s t ils , 

stated  that they m re mad© from certain  raetaHle etibstsnces rather than 

£vom vegetable m aterials* He g ives the fdleaaing description  fo r  the 

preparation o f  th is  gxoi$> o f  remedies* *Dry medicaments which have been 

ruined fegethor are mixed by the aid o f a liq u id  free from fa t, such as 

nine or vinegar, m d  the mixture i s  dried again*9 C?) Cdlsus mantlcmed 

seven d ifferen t formulas for troches, f iv e  o f ahieh w a  fo r  external use# 

These troches could a lso  be liq u efied  by the same liq u id  used in  th e ir  

preparation and administered as f lu id  iw@di.es* A ctually, the orig in a l 

process o f  tab let making, which consisted o f  cutting the p la stic  mass 

in to  the desired forms, i s  © till employed a t the present time for the 

preparation o f throat rem edies, namely, lessen ges* Present p ractices,
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Sine© ey® d iseases are vexy widespread in  the Orient# Arabs paid much 

attention  to  th is  grm# o f mmltcmmntis • Thogr called  such troches **s±©ls#ff 

The us© of tee  d a y s fey the ancient© and by the medieval pi 

fo ld e d  en tire ly  on su p erstition , butt i s  a revelation  of th eir err 

rasdlein®# The resu lts o f recent s c ie n tif ic  research have ju s t if ie d  fee  

ns© o f clay® m  lim ited  bactericides# because o f th e ir  reported agglutina­

tin g  e f fe c t  <m bacteria# which are attracted- and absorbed in to  the clay  

it s e lf#  At the end o f the seventeenth century there was a great variety  

o f white# red# end yellow  sealed, earths on the market ©toying d ifferen t 

Impressions such as images o f saints# ships# coats o f arms# etc## but on© 

hundred and f i f t y  years la ter#  they had fa llen  in to  disuse* C# d* 

notes tea t ^zobehiy the la s t  appearance o f farrm SiglX ate11 in  angr important

to tee  C tendon ) Hwork on pharmacy was in  Grey1 s  »i 

xaiiS cm).*

The term *ta b le t” probably was f ir s t  used fey Jean d© Benou in  161S 

in. M s bleraBsatoriuiB Modicum in  which tee  Latin term t*tabellan m s

to a qpeeial
i

pe o f troche* In I69B Nicholas hmmrg in  h is  

M w sell©  d if form-tlated  between

ta b le ts  * II© r e se r v e  tee term ^pastils** for troches containing aromatics
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In 1885 the D oltish  Pharmacopeia lis te d  a representative e f  th is  

mm m edicinal node o f administration? **Mh©Ha# M itro g ly eer ln i or Tablets 

©f Mitr© glycerin*tf Bads ta b le t remained the only one o f f ic ia l  in  the 

B ritish  Pharmacopeiae o f 193J* and 19$£* The f ir s t  ed ition  o f the B r itish  

Fhaaaeceaticsil codcas o f 190? m s more progressive and l is te d  no less- then 

f ifty -fo u r  d ifferen t tab lets#  fIhe la te s t  ed ition  o f the B r itish  Pharmacopeia 

©f 19i|8 l i s t s  forty-n ine tab let#  and the B ritish  Pharmaceutical todasc o f  

I 9I49 l i s t s  eigh ty  tab lets#

Sim ilarly in  the United S tates ta b le ts were not isro d ia te ly  included  

in  the o f f ic ia l  coi^endia# I t  wee only in  th© United. S tates Phaamaoapeia XX 

o f 1916 th at tfToc&itabelXa© Hydrargyri Chloridi1* appeared for the f ir s t  

t in e  and no other ta b le t preparation  m s added to  the U nited s ta te s  Phar­

macopeia X o f 1926m 1owewnr* th e  national Foswulagy V o f  1926 introduced 

s ix  d ifferen t tab lets*  Tb® United States Pharmacopeia XI o f  1936 l is t e d  

two laore tab lets* d y c e x y l T rin itrate Tablets and E r y th r ity l T^trsnitrai©  

T ablets* while- th® Motional frorwulary VI o f 1936 Included f i f t y - e ig h t  

d ifferen t tab lets*  The la te s t  United S tates Pharmacopeia XXV o f 1950 

lis t®  n in e ty -te e  tdfc&ete and the Mat tonal p w e d e i y . i l  o f 1990 includes 

another £®r&y-&ix ta b le t form ulas#
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fhss importance o f  p a rtic le  ei %m o f the substance* used in  the 

preparation o f compressed product© w  rea lised  vexy early  in  the mxm»

faeture o f tab lets# There i s ,  however, p ra ctica lly  no litera tu re  concern­

ing th is  subject* On the other hand, there ar© accounts o f numerous 

in vestiga tion s referring to th® iigportanee o f p artic le  e lse  in  other 

sciences such as cfoemlstsy, physical chemistry and cry s t ailography, mad­

ia. industries such as the manufacture of cosm etics, dyes, cements and 

explosives* R ecently, reports cm c lin ic a l in vestiga tion s conducted with 

powdered medicinal substances have mmnhmimd the te>ortanee o f m aterials 

in  the sub sieve range ('finer than those corresponding to 325 n»ah s ie v e ), 

and of mleranleed products* At present some manufacturing hmxmn advertise  

the v ir tu es o f sulfonamides md p e n ic illin  in  mleronlsed form* However, 

there i s  no report on compressed ta b le ts  prepared from micro ciy  stallin©  

drugs, concerning eith er th e ir  ease o f ««*p ira sc ib ility  or th e ir  therapeutic 

advantages* Veiy f in e ly  ground a e e ty lsa lie y lic  acid i s  daLmed by the 

Bayer Company, Inc#, in  one o f i t s  more popular advertisem ents, to be th© 

main factor for nearly Instaxitaneoue d isin tegration  o f ^Baysr1® A spirin11 

tab lets*  Perhcps mm& o f th© dearth o f liter a tu re  m. p a r tic le  ©Is© i s  a 

resu lt o f the reluctance on -toe part o f  menufactuxers to  publish th e ir  

trad© secrets (1)* Any a ttssp t to mmmm tech n ica l information concerning 

p a rtic le  A m  and shape stud ies must be made in  f ie ld s  other than pharmacy*

Many In vestigators think o f the shape o f a p a rtic le  in  terms o f th© 

cry sta l system to  shlch I t  belongs* However, the general shape or physical 

ou tlin e o f ifm p a rtic le  does not always ©ormmond to the p articu lar crysta l
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system* esp ecia lly  In the ease #s©re m aterial has been subjected to  

medhmic&L mmrn o f ce^iiratdofu Many substances shew by th eir  physie&

properties no regularity  o f  ©systallinB structure whatsoever. Audi 

substances never exh ib it cliar&eteri e tic  polyhedral f o « ,  and therefore 

are considered amoapheus (2 ) .  the appearenee o f d ifferen t character i s  t ie s  

in  the mmm kind o f  crysta ls may vary considerably with conditions o f  

e s y s ts lllsa tio n  such m  temperature* ooncerrt ration o f solution  etc** but 

t te  angles hetman corresponding faces (plane surfaces} remain constant# 

Accordingly the re la tive  orien tations o f  the crystal faces mm ch aracteristic  

properties while the external foimg as such are not# Some substances 

exh ib it H ie  a b ility  to  o x y sta llise  in  polyiaorphous forms. For instance* 

stfLf athlasolB *#ien cry sta llise d  from water* acetone* or methyl or eth yl 

alcohol forms hexagonal prisms and plates* *hen cry sta llised  ir&m n-propyl 

alcohol prism atic rods mm formed (35* Sim ilarly phonobarhital o e i e x is t  

in  the three crysta l phases fit) * According to  Lmlmmn, sodium chloride 

may be obtained in  octahedrons* instead o f  the usual cables* when cr y sta llise d  

from a solu tion  containing sodium hydroxide or urea* potaesiusi and ammonlua 

aim * which usually c r y sta llise  in  octahedron®# can b© produced in  form o f  

cubes from a solution containing potassium hydroxide or sodium borate ($}* 

Although crysta l faces nay be acciden tally  Qr in tention  a lly  destroyed* y et 

the substance docs m% thereby cease to  be a crysta l (6)# the p o ten tia l 

a b ility  o f a l l  cry sta ls to develop faces under proper conditions o f  

growth is*  however* a ch aracteristic  and Inportant property which played 

a d ecisive ro le  in  the establishm ent o f the id en tifica tio n  system for  

various compounds* Th® p articu lar crysta l structure that w ill be taken 

by a given element or compound depends partly on the type o ft



m

X* Muscling force (charge of nucleus)
2# Atomic grouping
3* HeXativ© sis©  o f d ifferen t ions or atoms etc* (7)

There are six  d ifferen t fimdaraaatal systems o f crysta ls t to© regular or 

©able systewi, e*K*» altsne* a lk a li halides; hexagonal* e*g**

iodoform* calcium carbonate, sodium n itrate} tatim gonai, @*g«, ur®% 

potassium dihydrogen plKusphate} erthoxiiasibte* •  *£>» iod in e, sulfur* barium 

sttXfato} m onoelinie, e«g*, t&rfcarie acid* m st  o f  to© sugars* hydrated, 

ferrous su lfa te |  and tr ic lin ic  system, e*g»* boric acid* potaseiuuL diehfom t®, 

hydrated copper su lfa te  • Th© u n its o f crysta l la t t ic e  are not n ecessarily  

atom© or mcno&tomi© ions* They may b© molecules* e*g** carbon dioxide*

Th© forces holding these molecular c iy sta ls  together are very week* Many 

o f th© low m elting organic compounds are o f th is  BiolecuX&y typo* In the 

ion ic la ttic e *  e*g«* sodium ch loride, thoro i s  no union to  form molecules 

in  the e iy sta l#  Thar© sr® two fim d a » ita lly  d ifferen t typos o f a ttra ctiv e  

fore©-® which hold atoms together t

1* Ionic or e le c t  to s ta tic  a ttraction  giving r ise  t o ' heteropolar
bonds

2* Electron p air bonding or exchange energy giving r is e  to  hoioopolar
bonds

D ifferen t cry sta ls hmm d ifferen t so -ca lled  magnetic su scep tib ility  and 

magnetic e ffe c t  i s  tonsid erably greater for Ionic bonds with th e ir  trans­

ferred electron s than for covalent bonds* Most o f the idnpls cry sta llin e  

s a lts  have ion ic binding* .Although th® hoterppolar and homopolar bonds 

account for many crysta ls and for the formation o f  chemical aompmm?m from 

atoms* th® p re sen t o f additional e lec tro sta tic  attraction  explains the 

attraction  which sadists between molecules* Thus many o f the properties 

o f crysta ls cm  to predicted from e l o ssific a tio n  o f th® crysta l la t t ic e ,  

type o f binding and ion ic alee*
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The nature o f atmm md forces ©stating within the molecule pre*

determines chemical and physical properties o f  th© substance; among them 

th© eoBftt© ssib lX ity  o f the particular m aterial • Th© esqperiments pevtavm d  

by Bichards ©t al« ind icate that th© corpressiM l i t y  i s  c lo se ly  related  

to  tli© coh&siv© pressure o f  the s^ sta a ee , as shown by th e ir  b a ilin g  

points* m d  i s  therefore p@ri.odie in  the system o f elements* Thus the 

e&tipreeslbiXity mmrn to  be n o t m erely  an isolated ' physics! f  act h u t 

rather a phenomenon o f  chemical sign ifican ce immediately connected with  

the wornt  Important properties o f the material* Evidently* com pressib ility  

i s  a property as d e fin ite ly  periodic as any other property of the elements* 

Farther mtte by the same in vestigator in d icates that the con p ressib llity  

i s  large whmn th© surface tension i s  small sand vie© versa* In eveiy case 

i t  cm  be observed that th© v o la t ility , which may be ascribed to  the lack  

o f cohesive tendency* seems to be associated with increased cospresftLbilitgr • 

Besides* not a l l  substances ham the same conprsssl'b illty  when subjected  

to  th® same increase in  pressure* even when they «r@ a t f ir s t  under the 

m m  Internal pressure* Moreover* the com pressibility includes wLtbcta 

it©  magnitude not only the chsn&e in  volume o f the molecule* but a lso  the 

in ternal a lteration  o f the molecule m  w ell (BJ* S p ecific gravity i s  

greater in  compounds with great surface tension and sm all com pressib ility  

than in  those with small surface tension  and great com pressibility* I t  

should b© mentioned. a lso  th at th© sp ec ific  gravity i s  enormously affected  

by th© nature o f th© ©laments which build  up th© molecule* and variations 

in  composttion may wholly conceal th© e ffe c ts  due to  surface tension f 9) * 

The preceding deductions w e  drawn on. the b asis o f ©aqperiments performed 

upon purs elements* The properties o f s a lts  composed o f  two* three* four* 

etc* element® would become prof”resslv@2y more complicated*
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Richards arid Jmmm9 studying the compre&gd h ility  o f  chlorides* 

bromides and iodides o f potassium* sodium* thallium  and s ilv e r , concluded 

that the eoiflpressib lllty o f  a s a lt  Is  sm aller than the average empmsml~ 

biX ity of the two elements eon eerned* Jdkeulse molecular coitpressib ili^r  

Is  le s s  than the sum o f the atoalc com p ressib ilities  o f  the mXmmmtm con­

s titu tin g  it*  Chlorine i s  more v o la t ile  than bromine* uhich in  turn i s  

3*10re v o la tile  than iodine* The cmmrose ih ility  o f those elesw nts i s  in  

the order e f  » chlorine mor# compressible then bromine and both o f  these 

arc mom- cm̂ p rc- esib le  than iodine * However* the com preseibility o f 

potassium s a lts  i s  in  the opposite order as potassium iodide i s  isore 

compressible than potassium chloride* This phenomenon i s  attributed  to  

the eheswieal ® 4  cohesive a ffin ity  o f  the elements* as elftorin# ha® greater 

a ffin ity  and bene© i s  under greater in ternal pressure then potassium  

Iodide (10)* The follom ng tab le illu s tr a te s  the com preeelb llitiee o f  

these sa lts*  expressed in  kgs/cm?*

C o ^ r e e s lb lllt ie s  x 10^ At 20^6*

Chloride Bromide»jiyw>n mtntf n*g Iodide

Potassium li.33 6.11 fl.lt
Sodium It .03 U.98 6 .8
Thallium lt.6 5 .0 6.5?
S ilver 2.18 2.SU 3.85

These values ar© basM on 0*00000571 for the average oonpross&billty o f

mercury betmmi WO and 500 kilograms per scpare centimeter* The numbers
-6In the table must be m ultip lied  by 10 to  obtain th® true value*

HenMever* l i t t l e  hm  b©sn published concerning the c onpr© ssiM X ity o f  

m aterials used In the preparation o f tab lets*  Pressure employed for  

compression o f ta b le ts 1© usually expressed in  kge/em? or tons/sq* in* 

and may be as high as 10*000 kgs/cm? or 62*0 tons/sq* in* (11) The
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magnitude o f pressure employed for the compression depends on the type 

and th® purpose for which the ta b le ts are intended# In each case pre­

lim inary tost© have to  be perfbrmed before fee ’’master formula** for fee  

particu lar ta b le ts i s  decided upon m  w ell m  the modus operandl# A 

general idea concerning fee eo i^ ressib ility - o f fee substance 1® reported 

by ftttehell#  lie b elieves that most material® have a 2*1 coir^resaibility  

ratio$ for such, m aterial a depth o f one-half inch o f  m aterial in  fee  die 

would produce a fin ished  ta b le t one-fourth inch in  thickness (12)*

A few words should be sa id  about the method, used for' the production 

o f n&crocxystalllne m aterials* as la te ly  such a form o f medicinal* 1® 

findirig recognition in  chemotherapy# There are chemical and inschanical 

moans o f produci^ig these types o f m aterials# A ersemicssl method for  

preparing* for instance* m ierocxystalllne sulfonamides* con sists in  

neutralising* at low tenf»eratur©t a solution  o f fee sodium, s a lt  o f fee  

drug* with the reacting mixture maintained in  v io len t ag ita tion  by sonic 

vibration or ty  ©one su itab le high speed mixing device# The ©is© o f the 

resu ltin g  crysta ls may be regulated w ithin wide lim its  by controlling  

the speed o f the admixture* the tersf>era,ture o f the reactants* or both#

The m icrocrystals produced are fa ir ly  uniform in  sise#  Water may be 

removed by f iltr a tio n  or centrifugation and the p recip ita te dried to  a 

fin e  powder (13)« Physical methods for producing m icrocrystalline powders 

u t il is e  mechanical r o lls  and flu id  energy niXXe with in tense centrifugal 

f ie ld s  to  e f fe c t  c la ss ific a tio n  in  the fin e  sis© range (11)# The Mifey©«» 

Atomiser (Pulverts&ng Machinery Company) and Raymond V ertica l TftXI 

(Combusticm K&fdneering Company) are machines ©f the high speed rotor  

design? the rtLeronlser (International Pulverising Corporation)* the
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Eeduetloniser (Heciijetiian Engineering Coxporstion)* and th© Sagle t f t l l  

(Eagle Pencil Coi?pany) mm of th® flu id  energy type using con$>re9sed 

gases or high pressure steam to e ffe c t  the mt%m reduction*

ffrneh Bork has he®  done in  the f ie ld  o f  therapeutics carteemiog the 

p a rtic le  s is e  o f  i^ d ictn al substances* In general* the so lu b ility  m d  

i^eed o f  action o f  a re la tiv e ly  insoluble m aterial depends on surface 

area* ehlch i s  a fm ctlori o f p a rtic le  sis© m d  shape* The us® o f fin e  

powders in  - compounding procedures re su lts  a lso  in. th© mom sa tisfa cto ry  

pharsaeoeutleal preparations* To increase the amount o f surface area md 

to  hasten so lu b ility # m m  products m m  prepared md tested  in  mieronl&ed 

form* A number o f  in  vestlgators report nm lcroerystallin© sidJtonan&Ses 

shot? d ifferen ces fmm ordinary sulfonamides in  both pharmacodynamic 

behavior md therapeutic activ ity*  (15*16*17*18*19*20)* In- gonoral* such 

differences suggest that in  mieroorjmtalliii© ffetwi th© a c tiv ity  o f a powder 

i s  enhanced* I t  i s  obvious that the saturation le v e l o f  a drug in  blood 

or tissu e  flu id s  w ill be the emm regard#©© o f the orig in a l cry sta l sise*  

but the rate: o f  attain ing th at lev®! in  the ease o f stSbstmees o f lo »  

so lu b ility  i s  a ffected  by the to ta l surface area available* W icreerystalllti©  

preparations o f milfonamides give considerably higher blood lev e ls*  

esp ecia lly  during th# f ir s t  setae hours a fte r  afein lstration * than the 

preparations o f th© m acrocrystalline drug* Tills increased rate o f  a c tiv ity  

i s  true equally in  cases o f aqueous suspensions in jected  hypoderii&celly or 

o f  powders c^plied 3sesU y* in  both eases i t  has bsen reported that the 

decreased tendency o f the m icrocrystallin© drug to  Iwap or cake assures a 

much greater surface for solu tion  in to  lo e s l tissu e  flu id s*  W icroerystalliBe 

drugs dispersed in  hydrophilic and white ointment bases ahotr lik ew ise an
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increased rate or absorption (SI)# the additian o f a w etting agent such 

as eo&ium Isu xyl sulfat©  seems to  produce i m  greater d ispersing e ffe c t  

in  suspensions o f taieroexysialllne eulfadlastn© (2'2) end an increased  

lih era tion  o f drug from ointment bases# In eoiu&uaton* erne ndght add that 

the p a rtic le s o f the angular powder grades o f the sulfonamides range widely 

in  diameter, with a large proportion between twenty and tw©nty~£iv© mtcmm » 

and that i t  i s  not possib le to  reduce the p a rtic le  mtm  o f macrecnrystallljae 

sulfonamides in  mmpmwtmi by passing t hem through a co llo id  m ill (23)#

On the other hand, a large number o f partial©® o f  Tdorocxyetalllne sulfa*  

d ie s  in© measure u s u a lly  1 x 1 x 3  micron® and a re  app rox im ate ly  1 /350 o f  

the mass o f ordinary sulfadlasln©  crysta ls (2b)#

Sim ilarly the e f f ie iunej o f p e n ic illin  in  o i l  and wax i s  influenced  

by th© a lso  md re la tiv e  w l^ h t o f  the p e n ic illin  particle®  (2$)» However* 

in  th is  ease delated rather than m re rapid absorption wm sought ty  th© 

investigators# From the c lin ic a l ©stperiments i t  mm concluded th a t, with 

the solid, preparations in o i l  and wax, the sis©  and re la tiv e  weight o f  

p e n ic illin  p a r tic le s were o f l i t t l e  or 110 importmc© as fa r  m  the pro* 

langation o f the blood le v e ls  m& eoneernad# With liq u id  preparaticms, 

however* i t  could be m m  that the sis© m d  re la tiv e  Height a t  the p a rtic le s  

i nflmmmd th© .absorption from th® intramuscular s ite  o f injection* and 

consequently the duration o f th© p e n ic illin  le v e l in  th© blood# Apparently 

th® larger partial©  i s  absorbed more slmcly md th© le v e l in  the blood 

thus prolonged* The standards fo r  liq u id  depot type o f preparations lim it  

the subdivision o f p e n ic illin  p a r tic le s  to  f i f t y  microns or larger In sis©# 

On th© oth©r hand* th© presence o f  two per cent aluminum m nostearatc in  

preparation o f ©mall p a rtic le s o f proeain© p e n ic illin  S in  o i l  appears to  

prolong th© p e n ic illin  action (26) •
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PmrtiMm  s i m  o f  the Active m aterial -is o f importance in  

therapy (2?)* I t  lias been sham  ifi ©:*p©idjsettfca with estrone an ra ts that 

I f  p est o f  th# crysta ls in  aqueous suspension are sn a il Ctmt microns or 

lost#) the average duration (ton days) o f estrogenic stiim&atiQn i s  lo s s  

than h a lf (twsntgHTonr days} that produced when th# sarae close o f  a sus­

pension contains large crystal© ( f i f t y  p e r  oonrt or store are: f i f t y  to  

hundred f i f t y  pderons}# The la stin g  motion o f  estrone in  an aqueous sus­

pension ecsitstnlng only small cry sta ls i s  s lig h tly  greater in  t e s t s  on 

re ts  than, an o i l  solution  o f estrone*

Am th© fineness and uniform d istrib ution  o f p a r tie lmm of th© medi- 

c in a ls  influence the q uality  o f  mmm liq u id  and so lid  phamaeeuticaX  

products, sim ilarly  the sir e  and uniformity o f ponders p lays an iiaportant 

role to  th© preparation o f  sa tisfactory  tab lets*  Fotidsr o f uniform sir e  

i s  e sse n tia l in  order to  assure even d istrib ution  o f Ingredients in  asm  

mom than one substance enters in to  th© eoi^ ositio ii o f & ta b le t and in  

order to  assure unifbre weight o f a tab let*  Fineness and shape o f  the 

powdw employed influence d irec tly  the d isin tegration  time o f a tab let#

In many oases ground cry sta ls are subjected to  d ire st r e g r e ss io n . Sine* 

a l l  cry sta ls  (o f d ifferen t sa lts )  fracture d ifferen tly  i t  i s  unavoidable 

that on© powder w ill contain m m  fin e  p a rtic le s than w ill another and 

tlimt smsli oo^binations w ill not feed evenly in to  the Mm (28)* flattled  

tablet© are produced hy fine p a r tic le s  falling- onto the surface o f  th© 

lo se r  punch while the coarser particle®  remain on the 'top* resu ltin g  in  

th© lower sid e o f  the ta b let being ssioether* Consequently* th© reduction 

o f a l l  Ingredients to  sim ilar s ir e s  and ihe use o f good wirers i s  m&mitle i*  

p articu larly  in  the preparation o f colored tablet®*
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Even disirdhtstion o f th© m aterial i s  influenced by th© density o f  

the particles? o f the cmspommt ingredients* Xt has been reported. that 

coarsely ground yr&xtures o f two or nor® s&LM m teria la  d iffer in g  in  

density w ill separate upon the jarring which resu lts  from handling* trans­

portation* or storage under conditions subject to  vibration C 29)* fhe  

magnitude o f vibration i s  considered m  inversely proportional to  the 

degree of subdivision and d irectly  pxoportional to  th© d ifferen ces in  

density o f the mixed m aterials* From the performed i t  wm

concluded that* when m aterials o f d ifferen t density are mixed to  uniformity 

and then ground and passed through a 200-meah sieve* they cannot b© 

segregated by jarring or by influence o f  vibrational storage condition* 

regardless o f  the actual d ifference in  density* Card* ©^alim enting with 

mechanical blending o f m aterials* sta te s  that i t  i s  d if f ic u lt  to  obtain 

an intim ate mixture i f  the powder* have widely d iffer in g  apparent sp ec ifle  

gravity* The aim should be to  have the several powders as nearly the same 

density  a® p ossib le (3D)* On the other hand* Beeler ©t al«* experimexitlng 

with tab let mixtures before granulating, b eliev es that there i s  no 

ind ication  that the density o f th© eo*g>onsnt substances has aâ r s ig n ifica n t 

in fluence upon the homogeneity o f the mixed m aterials (31)#

ffueh woiic has been don© can the granulating processes employed ia  

tab lo t manufacture sine®* in  rsmy cases* fin e powders cannot fee subjected  

to  d irect oo^pmmiom  because they occlude air* compress unevenly ©«d do 

not feed uniformly in to  the die# Granulation ace&igalishes three purposes* 

i t  assures uriiferm feeding o f th© m aterial Into the d iej i t  provides 

accurate dosage {because a d ie w ill contain only a certain  volume o f 

granules and consequently a eerbaln weight o f m aterial); i t  a lso  provide* 

uniform hardness because o f the e ffe c t  o f a unifbm  pressure on a given



vt&mm o£ m aterial*  Th© p re fe rab le  ©is© of drgr

p a c i f i e d  a® th a t  o f S—20 mesh ( 3 2 ) #  12*20 mestx (3 3 # 3 U J#  o r  20—hQ mossh 

(35) • The sis© o f  granules As determined hgr th© ©is© o f ta b le ts  in to  

which th® p a r t ic u la r  g ranulation  In  to  bo c£pr©sa©d* Clarkson makes th©

Brown txxm h is  experimental work lias concluded th a t  the  sis© o f  th© graxral©

a f fe c ts  greatly* th© s o lu b i l i ty  o f  a  tab le t#  but th a t  the  sis© m d shape 

o f  th© ta b le t  baa no influence on the  len g th  o f t l tm i t  remain© i a  t hm

tfeSformity in. the  cis#  o f  th© grsainl© 1» also  e ssen tia l*  f t  i s  

believed  th a t  not more than f if te e n  per  cent of th© granules ahouln pass 

th o u g h  the  second sm aller sAevsj otherwise th® asacnmt o f  medicament An 

the ta b le ts  w il l  no t be constan t (39)* h n ifo m lty  o f  gram lies a lso  helps 

to  pfwpent the  occurrence o f common <IAffAoalt5.es daring th e  process o f  

© o^ressiofi* The pYeeonee o r  ©xeess o f «.f in e s t i s  o ften  a cause o f  

»c o p in g  *M Ind iv idual partic les may be only a few microns in  sis© aid  

henio© i f  the g rm n la tio n  ©ontaiBS too many ^flne©** they w ill  s i f t  den® 

between th© punch and die aid  cause s tick in g  (39)* m®XSmp mmmfnSiig th e  

shape o f  grandles prepared frow d if fe re n t material©# s ta te d  th a t  th e re  

i s  no c o rr e la tio n  between th© general stru ctu re  o f  a grannie (A e th e r  

round# elongated# rectangular# o r cubical) and. i t s  eoi^ressA M lity* He 

goes on to  s ta te  th a t  sucrose am! sodium ch loride both produce e th ic a l  

jpw m les 'yet sucrose As not im p ress ib le#  At the  seme t i xm granules w ith 

xno d e f in i te  shape are  as e c p i^ s s lb le  as those having a x^ctengular o r

t

fo r
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ct& ieal structure* According to  I g r a n n i e *  having smooth edges 

appear to  bo non«*cQ3f3res&ihXe (hO)*

Simultaneously tilth  th* production o f powders In the fin e  Btz-m rmigo

aid th© recognition o f th© iiyportance o f th e ir  p artic le  e ls e  in  a ll. 

d ifferen t industries* new methods had to  fee developed for detarsslnliig 

par t i d e  s it e  d istribution* eapecl&Uy In the smfesiev© range. The f in e s t

sieve availab le 1® that of* only 3-25 ?®sb corresponding to  p a rtic le s o f  Iiii

m icros# Hi© lim ited  scope o f  th is  d iscussion does so t allow  the d eta iled

description o f a l l  th© methods that have been devised or are in  us© for

measuring p a rtic le  e lse  in  the substeve rang©* follow ing i s  a l i s t  o f

those methods as c la s s if ie d  tgr Pchweyer and Work (1*1) t

1* Sieve .Analysis 
I I *  Microscopic A n a ly s is

A* Conventional Microscopic Methods 
B* Bltramlcro3copic '"ethods 

III* Sedimentation Analysis 
A* Increment Methods 

1* P ipette  
2* Hydnoisciei?
3* Pressure 
!u Photographic 

B* CtiMlmtive Method®
1* Balance 
2* Pressure 

IB *  n e n t id fu  &1 Analysis
A * I r c u m r y  C e n tr ifu g e  M e tiiod a  
B* S i^ rcen trifu ge Method*
C* U ltraeentrlfuge Methods 

V* Klutriation Analysis 
A* Air E lutriation  
B* Liquid BXutriation 

v i ,  T u s fb id is e tr ic  A n a ly s is  
A* Cross Methods 
B* P ise D istribution Methods 

V II. M iscellaneous Methods 
A * Perm eability 
B• Adsorption

Many o f these methods o f p a r tic le  ©valuation use d ifferen t cr iter ia ! fo r  

example* the sieve aperture* the stoke*® Law dlanoter* surface evaluation
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by gas adsorption* eto* There haw,* bmwn msny serleuw attest*#  o f 

eorxel&tlm* bmt the liter a tu re  does not reveal the rela tion  o f values 

o b ta in e d  by those xaetood* ( lit)*  F o r instance* i t  h a s  boon ttoam  that 

B%m d istrib u tion  ha&ed on the aedij&entatlon methods eennot to © »sr© 4  

w ith  m icresrepi©  counts unless a  c o r r e la t io n  f a c to r  i s  a p p lie d  to  mm or  

th® o th e r  dim otor* Also there are several inherent factors in  sediment** 

ticm  technique that te n d  t o  g iv e  higher p a rtic le  & im  value® th m  th o se  

obtained* f o r  in s tan ce*  hy th e  a i r  p e r e e s b i l i t y  method* This h ig h e r  

p a rtic le  s is e  resu lts from toe fa ilu re  to  obtain e f f ic ie n t  or thorou^i 

d is p e rs io n  o f  the ponder in  to© se ttlin g  liq u id  which thus c o n ta in s  

agglomerates* They eonld. s e t t l e  o u t fa ster  and thereby g iv e  an ap p a ren t 

larger p a rtic le  s ir e  than 'to® m aterial rea lly  has* Consequently* p a rtic le  

s iz e  values obtained hy the sediinsntaiion method are about tw ice th® value 

o b ta in e d  by th e  a i r  perm eability method* m& th e  seise h o ld s t r u e  m% toe  

m icros cop 3.e coun ts (1*3)* L a te ly  th© a ir  penaeabilitiy method has g a in ed  

mmm p o p u la r i ty  on account o f  to e  ramsrtafcle r e p r o d u c ib i l i ty  o f  r e s u l ts *  

© sp ec ia lly  mmn using th e  Fisher SulfeHSieve Sisser (Fisher S c ie n tific  

Company) (hh)* being  t h i s  eppsretus* to© average p a r t i c l e  s i m  o f  a  

powdered m a te r ia l  i s  determined by weighing an amount o f  i t  equal t o  i t s  

true density and com pressing i t  in  a tub© between two p e r fo ra te d

p lu g s  covered  with f i l t e r  p ip e r*  The tu b e  c o n ta in in g  th© sample i s  th en  

Inserted in  an a i r  stream  and th© a i r  flow a t  a prede term ined  p re s su re  

through th© packed eoluim o f  m aterial i s  measured cm a flow  motor* S ince 

th a  a i r  How i s  dependent upon th© sp ec ific  su rfa c e  o f  to© powder w hich in  

turn 1® dependent on i t s  p a r t i c l e  size* th e  la t te r  cm  to read from a 

c a l ib r a te d  c h a r t  a fter  equilibrium  in  to #  flow system has been established*
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A mr&B should be said  about microscopic an alysis sine# i t  i m 

cm© o f the sim plest methods for certain  %im rmges* although th is  method 

eonmsaoe considerable time and i s  quite- laborious# Observation o f fin e ly  

ground p a r tic le s  in d ir the microscope shows the n ecessity  o f  defining  

p a rtic le  s is e  fey some arbitrary diametric dlaesasion^ sfno® very few 

m ateriale are aphcrtc&L in  shape# fliers are numerous ways by which micro­

scopic dimensions may be reported# Her# again the re su lts  o f d ifferen t  

dhxvestlgetore cannot be cospared unless the rela tion  eraong th© various 

diameter# i s  known* and few are* According to  Sch^eyer* th# most simple 

microscopic diameters to  determine are those o f Parrott and Kinney (to  

which the diameter* i s  the side o f  a square having the same area as 

the projected area o f the p a rtic le ) «gad o f Work (who used a diameter* 

d^* which i s  the intermediate dimension* being the shorter o f the two 

v is ib le  dimensions a t right angles to  each other) (1*5) » However* in  most 

of the eases paseimnm or average p a rtic le  s i m  i s  observed by examination 

o f one or more f ie ld s  o f the subfile* Because contrast and v is ib il it y  

decrease rapidly with the decrease o f the si®# o f p article*  great errors 

magr occur in  the estim ating o f sines* md in  judging the percentages o f  

components in  mixture Cb-6)# Recently a method was developed for mmmxxtimg 

the s is s  o f p e n ic illin  p a rtic le s  in  suspension o f mineral o i l  using a

microscope (I*.?)* In. the mtsSmm  range the electron  micro­

scope has opened new p o s s ib ilit ie s  for photographic examination* with the 

r esu lt that the magnificmtion resolutions are now manifold greater than 

with tfee conventional microscope*

dust as the si®® o f the p a r tic le s  p lays a paramount role in  judging 

the su ita b ility  o f m aterial fo r  p articu lar industries* so i s  th# shape o f  

the p a r tic le s  o f equal luportance* esp ecia lly  in  the paint end cement
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industry Cli8)» Thmm hmrn hmm mm® attempt* to  devis® a a ltera  o f  

c la ss ific a tio n  o f shape o f  p articles*  but so far no mimt&mM, system has 

boon agreed upon* bach in v estig a to r ' w aas to  use h is  own c la sslflop tion *  

Burs ©t a l« , fo r  instance* ia®#ci th# foUondUi^ c la ss if ic a tio n  o f  cry sta ls

(id?)*
X*
2 . Lamellar'*• sd cn la r  
3* iclcuX&r
&* or aeleul&r with spheres
5* Spherieal or reusidisii 
6* Columnar or tabular

The e la ss if lo s tio n  used by B alia f tH e  a t <&• mmm to  fee ea s ier  to

follow  w hile trying to  reproduce th® numerical corsits (50) t

J 5ZE2 - . f a m _

Regular Cubical
te*mXar Tetrahedron
eieu lar Far* Con®
1m e~Xite FI ate# F isc

Mhii© there are nary published a r tic le s  or the tm om rm m t o f the properties

where th e p a rtic le®  tmre assw sed to  fe© sp h eres, th ere  are r e la t iv e ly  few

papers In %£tich the author® have attempted to  evaluate eh«qpe in  absolute

term s* Green has proposed con sid erin g  th e  shape o f  th e  p a r t ic le  in  r e la tio n

to  i t s  vo lvm  sad surface? (51#52)# Haywood, m easuring th e su rface  a id

volune o f r e la tiv e ly  large partldfeera, hm proposed ahqpe factors hmmd on

the projected area o f the p a rtic le  and i t s  thickness but those irelstic***

become exceedingly complex in  defining surface and volume (53)* Betmeyer,

uftio has m ds extensive s tu d ie s  on p a rtic le  g le e s ,  s ta te s  that there i s  no

reason to assruae that the re la tio n  for macroscopic p a r tic le s  a l l i e s  to

m icroscopic ones* An the sub-division incre&see, the p a rtic le s  tend to

lo se  the shape o f the mass from which they were derived and ®«y or ms® not

become spheroidal (SW« i s  with the maeurcments o f p a rtic le  e ls e , there

dost not appear to  bo m y correlation  among th® methods fo r  evaluating

shape of p artic les*
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PERXOPlf C U B S T B m m tm  OF EbWMfS BM m  W  CBtX&AUJm S¥BfE«5

W&mmrdm o f the periodic table *ere c la ss if ie d  according to  the 

pattern o f th e ir  AnteriiiaX arrangement or ao-ealled  crysta l system** Com­

parison o f such cla® ssi fle c tio n  reveal* that there A© a d e fin ite  relation^

skip w ithin praetdU»ally each gxmp o f the periodic tab le concerning th e  

pattern An which the corresponding elsn en ts tend to  cry sta llize#  Inert 

gases* neon* mmm9 krypton and xenon* c r y s ta llise  An the cable

system# Sim ilarly a l l  a lk a li a e ta ls  c r y s ta llise  in  the cubic system* 

SXeeevtts o f  group t w  o f the periodic system chow certain  v a r ia b ility  i s  

that oaXeinm  ̂ strontdw% barium and radium ( f )  on cry sta llisa tio n  assorae 

cubic arranf*c?!ieiit and berylliu%  ea&ftesiun^sins* cadmium and raorewy 

crystalli*©  in  the hexagonal crysta l system* BhaebcdfcedraX lattice®  o f  

cry sta ls o f snercory (in  the so lid  etat®} belong to  the general type o f 

the hexagonal system • Considerable variation  in  exystal structure i s  

found aasng the elements o f group three o f the periodic table m  i t  

includes represcntatlvee o f the crnhic* hexagonal, tetragonal mid isono* 

c lin ic  crysta l system # droop four i s  fa ir ly  n n ifors, and with the 

exeept&on o f  hntnixm, which belm ge to  the hexagonal crysta l system* 

elenente on c r y sta llisa tio n  assune cubic arrangement o f crystals#  ElsHMBgit* 

o f grom* o f  the periodic table are mmewhmi v&riall© An that nitrogen  

(when in  the so lid  sta te)*  phosphorus* vanadium and tantalum belong to  

coble crysta l arsenic* srstimery and. bismuth to  the hexagonal

cry sta l system* and uranium was la te ly  reported as having a rhombic pattern  

o f  inner arrangement# Sim ilarly* eonsidfMrdble variations are found aaang

* According to  the Handbook o f  Chemistry end Physios* by Ch.# B# Hodman** ji, j*i it irgawjBiiMiiiiijagitf.n*!'-■ ' nwfift*"i «Wts*t »n*«ww#<wn»m» i*;r nftwwrnsw*      nmm*! mitrr v3X**©4.* p * aoia* ISKET*
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the elements &£ group Ox^imi cm  he cr y sta llise d  in  three

fom ai cubic* rftoabie* or i&oi&Qhedralj depending on the degree o f  

coolings su lfur eryetal& lse* In its© rhombic form* lellurlURi belongs to  

the bexagimsil* end poXmtlmi, to  the iisnoclln ic exyetel system* KUsnents 

o f  the gm^f) *dtac«& exgretalllse in  the cubic cry sta l system. Halogen 

eim astte (when brought to  the so lid  sta te ) -in grot# scmn«& o f the 

period ic table (nrystellise in  the rhombic c o s t a l  system* float o f the 

elements in  group eight e r y s te lliso  in  the eufei© systeiaj exceptions ere 

xhutenium and easxltm which exystc& lise in  the hexagonal pattern* I t  i s  

rein&xfeable that non© o f  the elevnents o f the periodic table so far  

examined esya&slllagss in  a fcricXirtic crysta l system* In sp ite  o f mtm 

irreg u la r ities*  the pattern o f  the in tern al arrangement o f  crystals- o f  

the elements w ithin p ra ctica lly  mmh groip o f the periodic system s©@»t% 

in  most case®, to  con stitu te one o f the c c p r o p e r t i e s  o f the elements 

o f the -same 0x01m*
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An a t t e s t  m s made to asceri&in i f  there i s  any interdependence 

between Use ease o f oonpreaslbllitiy aid th© ift&da&eatal pattern o f the 

Internal arrangement o f d ifferen t cry sta llin e  substances* In th is  instance 

th© ease, o f  c o ^ r e s e ib ility  referred to  tbs absence o f stick in g  o f the  

ta b le ts  to  the pun&hes and d ies* For th is  purpose' the behavior upon 

d irect compression o f fifty -e ix : ©onpou&ds belonging to  various cry sta l 

systems was tested* Substances for th is  e^ erta en t w ro se lec te d  a t 

random. and vs re coflgueeseed in to  ta b le ts  using Coltons* motor driven sin g le  

punch ta b le t machine ©quipped witii a 3 /9  inch diameter jnmeh** Ho h ib ri*  

cant or d isin tegrator mis used* The m aterials eoaspressed were used, in  

e ith er  gm iu lar or ponder £ovm$ when a granular m aterial had a p a r tic le  

s is#  larger tlum that of the Ho* 20 rmsh wX«ve# i t  was ground to  correspond 

approximately to  Mo# 20 .pondsr and then subjected to  d irect cosapression*

?f© attempt was m de to reduee a l l  the substances to  the mmm p a r t it e  

sltw  as prelim inary te s t s  haw  indicated that there i s  no evident relation^  

ship between ‘the ease o f compression (as defined above) and the partiel®  

*&»« o f the m aterial* In each ca-se yfkmr® stick in g  to  th© punches wm 

encountered upon prelim inary oo«f|>re©«io% the ePbsta*se© was dried fo r  two 

how# a t !tG°c* and then subjected again to ecx^re&eioru This precaution  

was taken to  assure that stick in g  to  t ie  punches was not caused by the 

laoisture acquired by the m aterial w hile stored previous to  the ©oppression# 

In every instance pressure on bh© tpper punch had. to  be adjusted* a©

1.* |».«P|.«»I»»|..««»'».. OH ■Mf.'Mtwunr.an.* «.««a»r . : > »»i,f iwniHMnMM**** ««■>*»»*.■—■»*——— — ■■■—  ............ ,n . ...T.. ,— ----^  r-r— (-iiTrn.rimi...

# coHone* 2Bf motor driven sin g le punch ta b le t machine having 3 /3  inch 
diameter punches was used for a l l  the experiments*
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d ifferen t subetanae-sj regardless o f th e ir  partial©  s is e , require d tffaren t 

degrees o f pressure in  order to  hm oGrpmmmd. in to  a smooth firm  tab let#

Tbs jnsterials compressed were obtained from d ifferen t ehcmdo«tl manufacture 

ing firms#

flie r e su lts  o f  th is  eaqjerteent ere tabi&ated} stdsstancoii belctigteg  

to  the cubic {isom Btrle) cryst® ! system are grottped separately (TffeX® IX)# 

Hie main cr iterion  for Judging the c-ase ©ad su ita b ility  o f  the aixhstance 

fo r  d irect © egression %ms the absence o f  sticking' to  both upper and 

lower punches o f the ta b let machine# !?pen ecjmparlson o f the resta te o f  

th is  experiment i t  was concluded that the st&staixces belortging to  the 

cubic cry sta l system present no d iffien X iy  for d irect compression# Tablets 

©f th is  gmi'p o f sdbstanecs wsvo sa tisfa cto ry  in  appearance? although no 

lubricant « s  n?sesl those ta b le ts  had a f&esay surface * stick in g  to  the 

tapper and lo se r  punch was encountered only with lith ium  bromide whieh i s  

very deliquescent .in nature# I t  1® remai&able that p ra ctica lly  a l l  

ch lorides, bromides and Iodides o f solitary potassium and s ilv e r  e ty s ta llle e  

in  the cubic crysta l system# An exception con stitu tes s ilv e r  Iodide which 

belonf!P to  the hexagonal crysta l system#

The r e su lts  o f the d irect compression o f the substances lis te d  in  

Table 111 ate -quite variable as d iff le u lty  o f .sticking to the punches mm 

mimmmt^md regardless o f 'the type ©f crysta l system o f the Material# 

Perhaps the m&feer o f sdbstaness tested  i s  in su ffic ien t to  draw m y  

d e fin ite  conclusion^ however* the resu lts so far obtained, seem to  ind icate  

that the substances belonging to the msmocXinie crysta l system present nest 

o f  the d if f ic u lt ie s  encountered during d U ect eoi^ression# Water o f  

cr y sta llisa tio n  does not seem to- play any particu lar ro le  so far &m the



behavior o f the substance tapeit direct, c&xpr&mii&n i s  cattcemed* rosw 

substances hewing no water o f cry sta llisa tio n  show m  much tendency 'to 

stick  to  the punches ass those which do contain water o f <8y*tslli& a£ionf 

8MOf5i\m  m d potm&ivm sQLu% both cz^etaH igly^ in  the cubic crysta l 

system m d having twelve m olecules o f water o f eiysta llim atiofij present 

no d iff ic u lty  tpm  d irect cos^ressicm* Tt I s  remarkable that there are 

coa^ara-tively only few mtalKxrganle and organic compounds which do 

cryBtsSLXS.m in  the eubic crysta l ay stem. x»regr ciyotsXLegr^shie data* as 

cosg&lod by i*  0* AH*rigbb% show that o f one thousand th lrty~£lve in*  

organic ooepourids l is t e d , 1®  belong to  the cubic exysta l system# Of 

the mstal*organic md organic coapo^ids lis te d  only 6*f> c r y s ta llis e  in  

the cubic fern# Ammg organic oa^poynds th® m e t c&monlr encountered 

form seesos to  fco that o f the monoolinie cry sta l system*

Hcwerer* the pattern o f the in tern al arrangement o f cry sta ls cannot 

h% In m et o f  the eases* id en tified  with the actual etoapm o£ lit® p a r tic le s  

o f the m aterial# the actual shape o f the p a r tic le s  o f the m aterial i s  

dstsralned by the method and by th© conditions o f the preparation o f  tho 

saaterial* Since th© mspourtcis used in  the fbragoing oaperim nt wera* in  

m et o f the cases* subjected to  grinding before being eospreesed* the . 

eventual confirmity  o f the sh ^ e  o f  the p a rtic le s to  the p articu lar cry sta l 

patera was lo st*  The data cfctained in  th is  eagm&nKxb thus would in d icate  

that i t  i s  rather a ehen&cal composition and not the chape o f the p a r tic le s  

o f the substance th at detsralnee I t s  behavior upon d irect compression*

* Handbook of Chssnistjy and r jy s ie s , by C&* B* Hodman* |N d . ,  p* 2d.il*
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cowpjm is m  m  m m m  o m m m i m  m  m m m m s  W LmmM G no t m  

cubic (imwrnm) <Ki&m mmm
+ smooth no stle ld a g  erusountesrod*

Mmm of *t&st«nee Co^rasslbillt^ structural WovmzLa. Itmrmti&m

Mmmmtihm s i  vm + AimhXsq^iz®^®
Ammml'm; broisMe 4- }̂ %Tr
immnXmrt chi©rid© 4 mha
Antimony trioxidB 4

Arseni© triojd.de 4* km$F3
Barium n itra te 4 B&ClOjJg

Barium su lfid e 4 Bas

Lithium tranlda - XdBr

4

Fot&sgius? slum ■4 J&KCSOf^^l^C

Potassium hronide 4 imr

Potassium chlorate 4

Potassium chloride 4 K d

Fotasslusi iodide 4. KX

S i l t f f  bromide * 4 Af0 I*

S ilw r  chloride # 4 AgCSL

Sodium brom&t© 4 HffirOj,

Sodium tronicio 4 vtmr
Sodium chlorate 4

Sodium chloride 4 mm
Sodium iodide 4 Wal

daLiquesc*
Shielding

* prepared In tho Xalwratoxy
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TABUS III ( continued)

Wmm o f  Bv&stmm

Patassiisa parrtangafiats +•

4%tassii^i sodium tsr ty a ts  ^tiddteg

S ilver indicia 4

Sodinsa aosta is stick in g

Sodium bioaitonate 4

Sodium bomfca stlcAdtag

Sodium f?arboimt© 4

Sodio® c itra te  stick in g

Sodium n itra te  4

Sodium su lfa te  stick in g

&m±m m&X&le 4

Strontim  chloride stick in g

Starent.iuw n itra te  stick in g

Sueross stick in g

Sulfadi&ssiBe stick in g

Sulfur* preclp itatad  4

fa te  4

Tartaric acid stick in g

Ursa 4

Structural fonm ila CfystaJ
J^rstea

tm y^ 3&OR

rboa

m tax

ntCgja^msP man

HaBCOj ISdl

H Mil

HaCOjKgO xtan

WajG^gOyaigO non

MaJSO, tax

MsgFOj^iaigO

non

SrCLgSHgO t r ie

Sr<NC3)^B20 wsssk

ri2 H22°aa ns&

mon

s atom

Interns aognfcslum mm
MMemt#
%%% mm

®%w%0 te tr
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S?ib»taaoo« representing d ifferen t p a tte n s  o f in tern a l arrimgement 

(ef’rsrfetX system) were selected, for th is  mspmrttfrnvfo In order to  determine v 

whether- the balmvlor o f the m aterial on d irect exp ression  p a ra lle ls  the 

behavior o f the substance when i t  i s  prepared ia  the tom  o f a granula­

tion* In each instance the m aterial was snbjected to  d irect compression 

’and i t s  ease o f oos^reeelhiliti^  (tid e  d e f la t io n  Up* 1} was eoispared 

w ith the. oci^reesi& llttar o f  the mxm M aterial prepared in  the to te  o f  

grsanies* Tr  ̂ grentflas were prepared according to  the follow ing iom ulat 

Active ingredient S8$

Com starch (as d isin tegrator) Kt*

Ma^neattsa stearate (ms lubricant) 2$

Starch past© W$ w/w (as. a binding agent) q*s*

The d isin tegrator was need in  two portions* % o f com  starch was mixed 

with the powdered m aterial before granulating and the rama.tni.ng 1% wm 

added to the dried gramCLes* The resu lts o f eovpressdLon mm given in  

Table XV«

The remAts o f th is  esqperlmant indicate that substances presenting  

tm d tffic u lty  o f stick in g  to  the poaches upon d irect cos^resslois. u^rxslly 

present no d lfflcu tlsr w hile being eosftreseed in  the fowa o f a grmuOLatloa»

In most cases the ©ticMng to  the pouches eixec^nt&red upon d irect « •  

pytssitm  is  ©vareom© tgr the addition o f lubricant e ith er d irectly  to  the  

granular form o f the substance or to the prepared granulation* Severe

co p in g  in  the c&s© o f  barium su lfa te  md boric acid  resulted, from the 

inadequate binding power o f  X£̂  w/wr o f starch paste fo r  b a riw  su lfa te  

having such high sp e c ific  gravity (k*$0) ® d anaH p a rtic le  s is#  (from one
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to  tifo n tcrons), md for boric a d d  which has p ra ctica lly  no adhtsiir® 

property* thos® two st&s&msss wore f^miiidLatcd with 50pC n/w

liq u id  f&ucose solofcion me a binding agont and the prepared gpaai&os 

liibdontad iritti fE magaeaii« stearat©* no dtfflci& tgr m e oneottnrfcerod

compressing oither barium st&f&ts or boric acid*

TABLE IV

oo^p^xEoir of the com iossxB n,m  of hi®eb sm mmm-& or

ths sahs

Crystal S treet So* 10 So* W 
A ctive ingvodiezit system ecmpxea- granules gaM̂ OLeo ^smirks

©ion  ..........................................  ,

Potassium slust 
mtimMustem
P otassim  chloride 
Sodium ehlorid©

SodiiM n itr a te
Calcium carbonate

IJma
Potassium dlfaydrotw  

phosphate 
Sulfur* stiblisied
Sulfur# p recip itated  
Barirn su lfa te

Wmrmm si& fate 
Sucacos©
Tartaric acid

Boric acid  
Copper aidLfato

cob 4* sa tis*  tab
cab 4* n »
e*ab 4“ ti ft

cab -f « if

h®3£ 4* « w
hex 4* fi if

tebr 4* u «
t a t r «■» tl t»

Sffeostt ♦ ft w

wimm 4* n II

l i i c s I <* capping

SBOIIC - s a t is *  tab
son© - ft It

« § * ft P

tr ie 4* capping
tr ie 4- s a t is . tab

sa tis*  tab 
« «
t* *i
tl H

ff «
n n taKUrts fr a g ile

a n
it it

M «
If ft

capping 

sa tis*  tab
ft it
t* 0

stick * cup
sa tis*  tab
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Unlike wo&t cry sta llin e  substances, crystal© o f aodiusi chloride* upon 

cleavage, retain in  general the geometric fomrn o f  the orig in a l m aterial 

o f Um degree o f subdivision obtained fcgr mh^mtiMg the s a lt  

to  the isi¥«pX«i method o f  grinding in  © sorter* Xh© p ossib le eapXanethon 

o f th is  i&enessftnon magr Xi© in  the fe e t that w a ir  pressure the crysta ls  

o f sodium d lorid©  Imw a tesadancgr to ®X&mm along th e ir  axes*

Sodltaa ehlorida a lso  doe© not preedit any d iff ic u lty  upon d irect ecee* 

presgion and does not require lubrication* For these reasons m&xmi 

c&Xorid© waa eoleoted to  study the e f fe c t  o f the degree o f subdivision o f  

the m to r ia l m  the © o^xeeeitolliigr o f the im torial* A eommeroial bmad 

o f  sodium chloride wm ground te  a mortar and s if te d  Jfar Xi? Mb« using the  

Ro*Ta|) Sieve Shaker * fhe follow ing portions o f -the ponder ware ^ a m t e l t  

1* passed through the sieve Ho* 10 but retained an Mo* 20

xi* « » 11 • m* m  * n * Mo* ito

XXX* « * « 15 Mo* bO ff * * so* 6o

IV* « » » « So. 60 ** 15 ■ Mo* 80

v* « * « ** wo* m  ̂ 41 » Mo* 100

¥1* « « « « Mo. ICO

liie^seapi©  Gamsbn&t&xm o f eoi^gpondlag fraction# revealed t to t  grinding 

did not a lte r  s^ reelataly  the id en tity  o f dhape o f the oidginal c^sbALXine 

m aterial* The same generality  o f slopes of individual p a r tic le s  wag 

observed in  the sis: groups examined ©accept that in  each follow ing group the. 

siw© o f individual . p a r tic le s  was correspoiaiirigly- smaller* Each o f  the

lu £ .P . XT/, p . n k



fidbc p a r t i s  sfm  fraction s o f  aoditsm chloride a fier  dasylng fo r  two 

hours at faO*£* was subjected to  d irect cob^jreosion osdng C olton's 2Bf 

motor drtiran sin lie  punch machine* ^tth the siefe -and depth of the die 

feerpt constant*

•The r e m it s  o f  cospressloft are given in  th e  ftittm d n g  tab les

TAKE ¥

mSZOAL PROPIflfIBS Ob fM tE fS  FBE3P&HBP PBCM ZKOTEHBKI? 

FAKrXGUl Sim  ! « M

So# o f  
batch

II

Air# weight
of tab let*

Av* thick* 
naaa o f
ta b le t

Air# hardness Panaitsr o f
Of ta b le t ** ta b i# t ■***

0*3260 Qm 3*5 as

0 * 3 U 55 Gm 3 * 6  m

5.085 Kg

11.525 Kg

0 .0 9 3 1

0 .0 9 5 9

m

r?

91

O.U503 On is.5 m

0,5092 i'as ii.6  is®

0*5211 <k> It. 6 ISS

f*8tg Kg

23*900 Eg

13*900 K*

0*1000

O«U06

0*1133

0*140X6 Gm h*h raa 3*630 Eg O*0SOi

«  Aver®@© o f tan ta b le ts
«# The degree o f  htrdhees mm xnoaauradL by an in&trmmm teom  aa

Hardness T ester for Tablets (Hoiusarxto Chemical Company* St* Louie* 
?■»©*) ?&ich determine# the niaaber o f kilograms o f pressure required 
to  ffe&efcure a tab let*

*»# Obtained by dividing the weight o f  the tablet© the thickness
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'The sain© pressure wm used to  compress batches I and XI* However, 

to  coup ro se  the succeed ing  four b a tc h e s , a decidedly d e c e a s e d  p re s su re  

was m cem arv to  prevent jmmdag th© machine* Th© data o b ta in e d  from 

the above ezperir^ent- indicate that* in the f ir s t  f iv e  b a tc h e s , a© th© 

p a r t i c l e  sis© o f th# m a te r ia l  was progressively decreased, th© weight* 

th ic k n e s s  and th e  d e n s i ty  o f  t a b l e t s  in creased *  In  th#  4 m e  o f  B atch VX 

th e  degree o f m ftd iv is io n  o f  m diim i o l lo r id e  d ecreased  th e  ♦»̂ p a r e n t  

d e n s i ty 11 or bulk d e n s i ty  o f  lax# ponder* Burin £~ th e  com pression o f  Batch V t9 

more a ir  was tra p p e d  which caused  the die of the tab let n&chine not t o  he  

. f i l l e d  as densely! c o n seq u en tly , th e  w e i$ r t ,  th ic k n e s s ,  hardness and 

d m iity  o f  thee# t a b l e t s  decreased* fixe variation in  the hard n ess  o f the 

'tablets Indicate th at each o f th e  subsequent batches o f .sodltaa ch lorlds 

actually  required le s s  pressure f o r  th e ir  coapression* In th© case where 

the saw# pressure was used to  eospres© batches o f  d ifferen t p a rtic le  

s iz e  X and IXj XXX and X?)* tbe ta b le ts of th# second l^ateh were

considerably harder* I t  appears t h a t  th# smaller th# purfeiola sIjb© o f  

th© -material used the  smaller th© praaarare required for i t s  conpressian*

Comparison o f tb© su r fa c e  appearance o f  th e  t a b l e t s  re v e a le d  t h a t  

m  th© p a r t i c l e  s i s #  o f th© m i e r i a l  became sm aller, the ta b le ts  became 

progress! w ly  whiter in  color*

However, th ere  i s  a  c e r ta in  rang© o f  f in e n e s s  beyond w hich powdered 

m aterial, a s  such canno t be subjected to  d irect e x p re s s io n *  bhere th© 

degree  o f su b d iv is io n  o f  th e  m aterial causes the " ip p a re n t  density* to  be 

l e s s  than the  actual d e n s i ty ,  such  m a te r ia l  lo s e s  i t s  »j£rm flowing" 

property md msy feed  uniformly 1 nto the die* To be .c oppressed  i n to  

s a t is fa c to ry -  ta b le ts , m a te r ia ls  having an "ap p a ren t d e n s ity "  considerably
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le s s  than the actual density .w ierally  smst fee grm ulated hmfam

cmpreB&ion*

L\u 3>«Ltff HD* b

Th® following are th® results of th® sieroseopie examination of 'th© 

m aeroez^stalline stdfadie& fce (u*£»P* -  lod crlo ) and o f m ieroej^ ia llia ft 

shlf©dla2itt© (U*&♦?♦) # *
A itm p

Shape sis© o f  C o sta l

M ioroeiystallin©  sulfadtssln©  na@dle«*Xil£© 1*5 ♦ 3 monocllnio
crysta ls microns

tfaerocK ystalllne su lfadiasine needlo^Xik© 20 ~ 2$ m nooH olo
cry sta ls m&erons

irMiKiiwr̂iî iiftiiiiiniWW-itrntiiiiiWwij iu*̂ ujri« miM<mr.ijiinw"ramn~m niiwi- wmW- rua* .iiujfrnmn BWiW n̂awpWiaiM*

D irect mmpm&mtm. o f  both jtmcrocrystallins m d  adosoexyvtflUia© svsl£&~

diamine Into ta b le ts i s  not p ractica l as tli® ponder i s  much 'too fin e  to  

feed  m5 f&xn&y Into the d ie o f  the tab let machinef w&en th is  m aterial i s  

forced with a spatela in to  the die and eonpreascd* a t id in g  to the 

p itches occurs* Sticking ©an he prevented by lubricatin g tbs ponder 

with. 2£ mavmNiiwi stearate; hov?©wor, ©von then th© p oster does not 

feed  im ffortly  in to  th© die*

To determine whether m&crocrystallin© suliadi&2in© has any ocmsiderabljt 

©l@ ctrosta.tie charge which p ossib ly  cot&d be th© cause o f the stick in g  e f  

th© m aterial to the punches o f 'the tab let naeMu©* the follow ing determin** 

tlo n  m s mad©? ftdenran^vbaOPlne si&fadia&ine, spread on a sheet o f p iper  

urns hold over a charged e&ectroscop©* Sulfadiaaia© on th© sheet o f  paper

# f-E crociyB tallim  sulfac&aarin© used in  a l l  ©spcrteents was supplied bp
the fal.no C lin ica l D ivision o f th© American Q/anamdLd €J0«p»ny#

* *  Aeeord&Bg t o  Castl** 1 *  If** 1 *  f #  v it te id  a n d  6 *  ? *  Poe* J *  Ars* Ch«sm*
so e . ?x* 228-a s *  u*»s>.

mailto:l@ctrosta.tie


Sext tli® tab tot s&cMi 

tooul& ted  co&per icLm to  Vm

S ticdetog o f  the tablet® to  

g&onuncted tt&e&to®* flm s St 

*ft&# on iim  powder 1® o f «  

appreciable monaor the

ilia# aad th e  o th e r  

su b je c te d  to

concluded that th® e3&e1srieal charge* i f  

degree  to  a f f e c t  In 

w  o f  sd eroerastalliiio

SXPERB®MT 80* 5

“acreexyetallln* and 

n i th  3Jp̂  *3/w s ta rc h  pmt® 9 fo r  

through tli® granulating s l t n «

lo tio n  UBint

;ie&3r mas©* fhe following

or

Com starch (a®

&® fore®

th® &3MWk

to  a

' si.

Water <1*0 * to  mate®

fa both esses SSS com 

g ra im la tia g i  th e  

®d feru’ 2f in

starch m s stood utth too orig in a l 

g 30$ com. starch wo© ai&M to  

atoarabe as a  Inhrlcaat* Mo* 10 

ored* fh® xaeoli®  o f

before

10* % 

g i w i  t o

foltow tog tablet
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TABSS VI

tmpmiGm m tmmts vmriam mm mrnm^s or mmtm. a ®  

m sm c  i  mLL7~ . x ^  m u z im

Warns of  srafcstanc# C o ^ re ss lc a i o f  ?lo* 20 
g m fsi.fi

Compression o f  Bo. 20 
mesh granules

iiir̂t̂ i,iPilW«n'l»̂ '̂rt-Wiiill*ri-'TMf«-"Ti»TTi4t»w>ir rm iminWr"' i'.V''<iW»i<il'ffltffi'<'M 'nwyciiii! r -itnifHWHHi-i ~ liftrrfEiTr-ift-*i~r,T»T'nrflrrTw- nr>r irinttf̂ t̂t'̂ rim-fi “QntfW rr~ni-rr--'i ivriiiî rî n̂ VnarrWrj'TifflMttir-'i

Wm rm r^  trfc o llio  « 
BnXx&Mxmlxm

Mltnroeryst aHin©
so lfa ia n iii©

! 3 n f l m  g p m n & eej e a s i l y  x i n t l m  e a s i l y
eiuflhed in to  powders crushed in to  powderf
p ersisten t capping o f p ersisten t espping o f
tee  ta b le ts  the ta b le ts

P ersistan t capping o f  
th© tab&rtsj net
rrmMl&xx by ilia addi­
tion  o f 2$ stea r ie  
mold to  granules

Cirjping presented by 
increasing pressor© 
on the upfior punch 
and by addition o f
2b stea r ic  ae&dU 
'labiate sa tisfactory , 
D isintegration timet 

35 secancia

Using B.w* mothod* p* ?0 6 .

Although m acrocrystalline and mtercMnrystallijre sulfac&asin* for&®d 

very stick y  masses i&sn granulated <alth water alone as a binding agent* 

tiio roauliant grannie© a fter  being 4*1ad lo s t  th e ir  firmness ami cmMmd 

• s a lly  in to  a ponder during the process o f xogrtondlatim • Tablets pm~ 

pared in  meh a manner were w ry  ISragHe Mid p ersisten t capping oeeon td  

tterixig the process o f cowpressiott due to  the lack o f Ananas© in  the 

granules theaselve©* 2a the ease o f the jr&crocxystaliin© su lfad ias ln%

!fo* 20 rie eh granules ware suecM sfi& ly  eos& rsssed in to  ta b le t s  by adding 

la  o f irtsarie acid  to  prevent occasional earning. T ablets prepared la  sash 

a manner had a vex> short d isin tegration  t in s  shea te sted  d ire c tly  a f te r  

eospressiori and a lso  a fter  s ix  ssontas o f storage under norm ! conditions



ho
o f storage# However* such a  xaefthod o f  granuQ.atd.ng © ulfadiasin©  pmndmm 

I s  n o t f e a s ib le  for th© p re p a ra t io n  o f  t a b l e t s  b ecau se  o f  th® capp ing  

encountered du ring  th e  conpresston*

!XPSlB®Nf HO# 6

This e:xp®rim©nt was intended as a  s tu d y  o f the q u a l i t i e s  o f  ta b le ts  

prepared from th© m seroexystalling md HlexvMnystelline sulfedlc&ine*

¥eegi®#  w m  used  a s  a  d isin tegratin g agent# I t  has boon reported recently/

that «t3proxImat©ly 0  Veeguas ean be employed as an «ffi«d en t d isin tegratin g

egent f o r  ta b le t# *  Veeguai I s  d e riv e d  f r a s  a na&umlly occurring a&neral

base, consisting c h ie f ly  o f a  c o llo id a l wagnesluis aluminum s i l ic a te .*  I t

I s  a  fin®  powder o f  a  d u l l  w hite  c o lo n  in d iv id u a l  p a r t i c l e s  are v e ry

i r r e g u la r  i n  shape md a re  approximteXy U S  x  75 ^sicrtm s in  si#®* Th#

ingredients were mlicod in  the fallow ing proportions s

H aerocf^stslliM  or m ierocryatsllirB sulf®d:la»;iiicf Ho, 10 sash  
sieve granules* prepared with $0jt er/W starch pasta m  a binding 
agent#••* ••••  *•«*.*•••«• 9($>

Miignesiti® steerst*  (m  lubricant)******«•*•••*,••*•*•*•**•**#•»• 2p>

f^gro Can disintegrator}*****,***********.*#•••**•••••**•*•*••• ^

During th® ©oppression o f micro crysta llin e sitifadlagine the pre siure had 

to  be emsi& erably recced  below that n&md to eoHprees th® Biscrocrystrllin®  

s a lt  to prevent exeeselve hardness o f tab lets* The determinations md® 

ob the compressed ta b lets are given in  the follow ing tables

# Manufactured by E, ?*. Vanderbilt co* Inc.
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f  ABUS TO.

w m m ism  o f m m im  mu m m m um M uim  sjumt&zw®  

x m m im  $ i rmmn  as xm m m m m m

lane Av* neight
o f ta b le t

Air# thick- 
nes& o f 
ta b let

At * hard*
IMISS Of
ta b le t

Hacroo^staXXine 0*21*01 Qm 1**0 tm 
m£t£ adlsftino

B « a ity Main**
tegra~
tlOB

3.290 Kg Q.OGrn Owr 1 how

IttoneerrsbaXXins 0*27 2U Ga
milf&dia&iB©

k*$ h*3h$ Q.Q60$ Over 1 hour

HLeroerystallXna su lf adlasln© tablet® i*er® heavier in  weight thus 

thoa® prepared from th® m croerysta llin e sa lt £Lthon|$i the 4eg>th o f the 

die o f  th® ta b let m ehina was kept constant* They mar® a lso  harder 

although co®nreseed uLth reduced pressure; th e ir  thickness md  d en sity  

mm greater* This increase in  wei^iib, thickness md hardness o f ta b le ts  

be e^ la in ed  by the fa r t that tsttesocrysf^OXine sttlf& diaslne, because 

o f the sm aller s is e  o f i t s  p a rtic le s, apparently fo m s denser granules 

than those prepared Item meroeryst^UJjrie sulfadiazine* 'Denser. grannies 

se w  to require a m a iler  pressure for th eir cosrprossion sin ce the die 

contsdns mere m ss o f the m aterial per unit volume* Besides* due to  the 

smaller sl&a o f  Individual p a rtic le s id th in  the granules* sm aller pressure 

was required for th e ir  ooiqpross&ari* However, the density of the compressed 

ta b let a increased* The main factor responsible for the smaller poseur®  

required for « ie  cosfaression o f ta b le ts item fin e r  p a rtic le  ®±®a m aterials 

*®sy be the increased imsa o f tb© m aterial per u n it volume o f the die* or  

the sm aller resistan ce toward the oowpression offered  fey sm aller p a rtic le  

s it e  o f  the substance although i t  cannot fee stated  d e fin itiv e ly  on the
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feast© o f  th© foregoing experis»nt# ubicti o f  these two factors? p lays the 

mom t e ia m t  rol*$ thsy seam to  be rotated to  on© mother*

The di stefce grat ion time o f ta b le ts was detcmimsd. by the method 

dosearlbod la  the national Forrn&asy Jf,9 p* ?06 using miM ta b le ts fo r  each 

dsterndnstiais* Chi the b asis o f th is  d^terndJistlon* feegttm parawed fa fee 

a w ry  ^ sa tis fa c to r y  d isin tegratin g  agm tj as i t  re<gt*lred o w  on© how  

for tablet© to  d isin tegrate and s t i l l  in  th is  t i im not a l l  p a r tic le s  o f  

the tablet© passed th© wtm  serean of t tern apparatus*

Additional experiments wore performed to  cletermin.© th© q u a litie s  

o f  su lfadiaeiao ta b le ts p reared  from Jfo* 10 and Ho* 20 mesh siev e  

grsm&es* In th is  ease starch m s used as a d isin tegrating agent# The 

grannie© none prepared according fco th© follow ing forissil**

*l&ero~ or m crocxysiallin®  suH adissine*#**.*##*..,*  88$

Magnesium. stearate (as lu b rican t)# .* * * ..•* .* * .* * * ... 2$

Com starch (as disintegrator)*******.***#***.****** 20£

3tareh past® 10^ w/w (as binder) q*s*

Th® dieijitegr^tor was added to the dried g iw ele#*  Jtoing the w ^Jm asieii 

pressure mm varied to  obtain ^pzexlfflatsly the same hardness o f  tab lets*  

Tlie q u a litie s  o f o^spreseed ta b le ts  are sum arised in  the follow ing t«fcl*$
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TABUS vra
KV'MKIEOS OF St'MADT A7 TJC1" 'TABLETS FR0PAKEB WITH

e h  i>tsnT n r *  tm w w s

99# 10 taeah aiev© Av* iw&lgfrt At# hardness at# ih icto iiss o f
grammes o f ta b le ts  o f ta b le ts o f ta b le ts  ta b le ts

Regular sdlfadlasSne 0*2375 Om. 3*lf25 Kg

m eTO e^stalliBS 0*2806 a s , 3*965 ffg
svGLfadiaslne

3*1 laa

k*h ms

0«06li2

0*0633

!l®# 20 iBssh sieve

Regular su lfadlM lne 0*2756 Cteu

M icroci^iftsilJns
sulfadiastrie

0*3009 on*

3*260 Eg 

lt*220 Eg

il«3 W»

h*8 m

0 #061̂ 1 

0*Qo2?

TA£&£» XX 

Tim  OF SdĴ A&IA&OiE ?AI0£ftS

Tablets frosn Wo* 10 isefii sierra gramales Wo* 20 mesh atew  gwitdms

Regular si&fiodlasins

su lfadiazine

t a b l e t s  d is in te g r a te d  Ian 
h a lf an ib ^ i  £m  par­
t ic le s  from the ta b le ts  
did not pass the seamen 
a fter  one boor

Tablets d isintegrated  in
3  f f d n * ,  3 0  s e e *  A l l  p a r ­

t ic le s  passed the seresxi
In 2? sain*, 30 see*

ta b le ts  d isintegrated  in  
23 m u * ,  l i  s e e * |  a l l  
p a rtic le s  passed tiie  
screen in  lid sin * ,
25 see*

ta b le ts  disinteisnated in
I  i i in . j  &LX p a r t i c l e s  
passed the sc re e n  in  
I f  min*, 9 see*



Tb© data obtained Indleat® that as the pis® o f th® granules I s  da* 

©roused* tbs weight m€ th® thioim ess o f th® ta b le ts  i s  increased* Mo* 10 

saaeh sieve gr&nulea o f j^crocrystallln®  snlfa&iasBin® required lo s s  

pressure for th e ir  ecwpreas&on than tbe eorre^onding granulation o f  

regular milfadimzin®* WfmllaxCLy Mo* 20 mesh sieve granules o f micro* 

cr^stslXin© mlfadia&ims required le s s  pressure £dr th e ir  oo^ ressiefi than 

th© eor*&a|H>nding greatilfttltm o f regular aulfsadlashne* ffowerasr, th© hard* 

-ness o f ta b le ts  increased to- th® revere® order* This would indlest®  llust 

th® sm aller the p a rtic le  sis® o f the matartal* ttia . amaUor the sis® o f the 

granules, smi the sm aller i s  th® pressure required for eo^-session* Further* 

iidertKjryst^llln® sulfadiazine tab lets*  prepared with an e f f ic ie n t  dia&xt** 

tegm iln g  agent, d isin tegrate more quickly than th® sim ilar ta b le ts  o f  t te  

regular sulfadiazine* Also* the smaller tha sis® o f the granules* th© 

shorter the d isin tegration  timo o f the tab lets#

ETpmiWEJIT wo* ?

The purpose o f th is  experiment m s twofold*

1* To determine th® e ffe c t of n eg lig ib le  variation  in  siz e  o f the 

p a rtic le s o f a m aterial on th® q u a litie s  o f  eoiiqpressed ta b le ts

2* fa  eompare the q u a litie s  of  ta b le ts  prepared fmm a fin® par* 

t i d e  s iz e  amorphous m aterial tM  a fin® partial®  sis®  

crrstnlliB®  m aterial

Mm m  mmiphom material* pried Aluminum Hydrosclde Gel* B.S*P** h av i^  

th* .foUotiirg sp ec ifica tio n s was sd lsctedt



m

P-XOOO, ?$$ o f which p m m d  through 32$ mmwh slow 
Type f-2000, ®$» ©f which passed through 325 «*ah sieve

Is a gal fom dried alwrainiisa l d̂resdLd* i® asospheii* in nature, tuning 

partial®# th at are £Uto Mk# in sbsp®. Th© two typmm o f  OiiaAnim hydrexid© 
gel wore prepared in the. font o f Ho* 10 and Mo* 20 granules with 5£ w/w 
starch past© as a  Mnd©rf X5¥ ©am starch mm usad as a d lsto tegzeter  and 
3$ laiignosiim st©amt© was ©splofod as a lubricant* Com starch n m  us©d 
in two portions® ?*$$ was added to  th© dry powders before granuXation 
and th® F^rainiiig ?•$$ m ®  addod to Mi© dry grannies* Each batch of 
granules m s easpzessed Sato ta b le ts  using minimal pressure, su ffic ien t*  

however, to produo© tablets with a ©sooth surface ebon ©xaminod threugh 
a magfiiĴ feig Ians* the preperti®® of eam rm m m d tablets are ssnttarlsad 

in th® following tab let

T A M S  X

b&xeb AbOMiHmiif m  mBPsfe

type- o f Dried Alwiaitsn  
I^rdimid© 0*1 and S ire 

o f Granule®
Av* w l # t  
o f tablet®

At * th lck -
MS I  o f
t w is t s

At .  hard­
ness o f  
ta b le ts

Density o f  
ta b le ts

F-ttOOQ, He* 2a m b  
greasles 0.1882 a* Zt.2 set ii*860 Kg O.QhiiS

F-2000* Ho* 10 a s h  
grenul©® 0.206? 081 %•$ set lt*89$ Eg 0.0159

£-2000, Ho* 20 tm&h 
granules 0*2200 Om k *7 MB 6.072 Kg 0 .01*68

F-2000, Ho* 20 xnaati 
jprassilM 0*2li50 CM 5*0 SB 6 0 3 5  Kg 0.0l»90

•& SGgjpllsd th rea d  th© courtesy o f  th© Hehels CftegMHQrjt Inc*



1% 10 73©giH nfeai&es o f  the Briod AltsadLnum ify&rexide Gel %p© F-1GQG 

i»qaire& eoi~|3res^ion in to  the setaXlesrfc volume for the tabXwie to  have a 

ssieoth surface* Ibsrliig the <K*rapre£mdLon o f the subsequent* batch©© (in  the 

order giwo- in  the table) wolmm o f the ta b le ts  was increased and -s t ill  

t l» se  fcal.lets had p erfectly  mmmth sarfaeea when eaeamined under a hand 

Iona* ,dbhcm£'h the prmmr® mm inpogresai^aly released as each o f the 

batches o f ta b lets was ©osprassod* s t i l l  the hardness as w ell as the tM ek- 

ness end density increased* Since in  each case the depth, o f the d ie 

(velurce o f pmmslee) was kept eonstant* t i e  progressive Increase in  the 

weight o f the ta b le ts  ear* be attributed to  m  increase in  the d en sity  o f  

the granule® with a decrease in  the ai»e o f  the p a r tic le s  o f  Bried 

AXwdmin ttydroxlde Gel* fhe above data also indicate that the s^allnr the 

stlm  o f  'the granules (Mo* 31 versus Wo* 10 niosh), th© mere complete was 

the f i l l in g  o f the d ie o f  ib© ta b le t machine and ‘thus smaller granules 

produced heavier tablets*

Use above resu lt a obtaiiied with amorphous m torial*  having fXake«*lifee 

particle®  are p a ra lle l to  those obtained during the compression of 

d ifferen t grades o f solfadiasdjts, v&ilcsh i s  a cry sta llin e  m aterial opposed  

of* n eed le-lik e p articles*  This would euqrest that regardless o f the type 

o f  substance (whether amorphous or crysta llin e}*  as the e ls e  o f  the t n *  

t id e s  o f  the m aterial used for the preparation o f granules for ta b le ts  

i© deereassdp the weighty harctoass and density o f  the ta b le ts  i s  increased* 

provided the depth o f  the cits i® kept constant* th is  experiment a lso  

suggests* that the ©waller the e ls e  o f  the p a r tic le s  o f the m aterial 

©splayed in  the fora o f the granules* the sm aller i s  the amoxmt o f  pressure 

inquired fo r  th e ir  expression*
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determine and ea&mgmm the properties of  ta b le ts prepared from 

m ateriel* d iffer in g  in  *8ppaama& d en sity ,” the heavy, medium, lig h t uni. 

extras*light fpra&ie o f  M m oth siftteasfeotiat©, tl*$*P«* waif© tested  for d irect 

eospxessibllitgr* However, bismuth mibcxirbcm&te, regardless o f whether

r*edfo;% lig h t &r extra»>lijght, cannot be subjected to  d irect com- 

pp@#sion as the- ponders do not Itaw & «fr©@ flowing** property and thus 

do not feed m±tom2^ Into the die* Vpm xaierosoopifs examination, m$Mig 

a ©tag® micrometer and water as a dispersing medium, the follow ing data 

were obtained oaieoxning the ©bap© and ©is© o f the p a r tic le s  o f d ifferen t 

grades o f  bismuth euheaxtoonafcet

ruu ii x i

IIS SHAPE MB SIXE OF AVEHAGE PMflOt'KS OT BXSHfiftH SUBCAHBCimiE
!uwe>:,i/ii>|.nwWT!g~- cmf£H,''s* a*s3fc»~«.?;yi u *»<*><>«•

Omm £3iape o f p a rtic le s Bite- o f  parti©!©©

Bismuth flrcfeearbonat©, heavy round > 4  microns

Elsmuth subcarhon&ts, medium round 2*5~3*S microns

Bismuth suheorbonste, lig h t  round X#S**2*5 microns

Bismuth subcarbomt©, © xtra«ligbt xeund 1*2 microns

i l l  grades, end particu larly1 the heavy bismuth subearbonat© included pas**

t id e s  which mum dxmgroportioaata ly  large* She h&my bismuth suhearbonete 

had a lso  the la rg est number o f aggregates o f sm all p a rtic le s  (b a llin g  up

* Bismsth Subcsa^cost® supplied through the courtesy o f the J . T. Bdeer
Ohomlsal Gosqpssgr*
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e ffec t}*  The the grade o f Mtsmith subcarbonate the mmXkj&e mm

ib© nvmb&r of aggregates m d  th e se  a g g re g a te s  were mmL2j&r i n  e lse*

Since bisim th eubcarbonat© could not be subjected to  d irect compre®- 

s i mk$ Ho* 20 mesh sieve granules were prepared with 5% **/ti starch pest© 

as a binding agent* These grannies wev® lubricated and the disSfitcgrstor 

added in  the follow ing proportions §

Bismmth sobe&rbonaie grexxsLtee*******••«*•••• 93$

Com starch  (a s  d is in teg r a to r )* * * •••**•**•*«  .55 

Kst'tmsLmt s te a r a te  {as lu b r ic a n t)*#*»«•«•••* M  

A ll four  grades o f  bismuth iriibcarbonate were mmprmmd  in to  ta b le ts  

hairing the tsmtm volume* The properties o f the eorpvemmd ta b le ts are 

eustiaarisod in the fo llo y in g  ta lle s

TAELR I I I  

BATA OM BISE^TM ^CMBCHATL TABLETS

fUem
At* hard** Air* thick4* 

Air* weight ness o f  m ss o f
o f ta b le ts  tab leta  ta b le ts

Tensity
D isin ter
g ra tlo n
tin©

B tesn th  subcar-* 0*l*35b CM 2 *01*5 Kg
hon&ta, axlra-*
lig h t

B lersath s ^ o a r -  0*6579 CM 2*720 Kg
bona&a, l i g h t

It *6 J*M 0*091*6 Over X ho u r

!?*7 mess 0*1399 Over 1 hour

Btssmsth 0t&>cs?~ 0*6721 &a 2*810 Kg !*•? tm  
bociate , medium

0*11*30 Over 1  h o u r

B im ith  suboar-* 0*8M& Om 3*71*5 K| 
h o n a te , heavy

1| ml $23 0*I?ti0 Cwr 1 hour

lb® above data ind icate that w ig h t, hardness and density o f the ©on-* 

jgreseed ta b le ts  Incraaeeti with th e  increase o f  the s&se o f  the partie l® ®  

o f  bism uth  si&eartocmato* Those r e s u l t s  a re  e c m tra d ic te r j  t o  the d a ta
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obtained in  the previous etqperlimats concerning the q u a litie s  o f ta b le ts  

prepared fton  th© d ifferen t p a r tic le  s it e  ranges o f sulfadim ine* drieiI 

alusninuia hydruicAda gel and sodium chloride ( f ir s t  f le e  hatches)* With 

those eoji^ounds the ezwCtter the partial© e lse  o f the m aterial produced 

the heavier ta b le tm* In the ease o f bismuth suhcarixsiate ,  the e^ r& d lffot 

grade having the sm allest* from remaining giedes, p a rtia l#  sis©* produced 

the ta b le ts  wldoli were the lig h te s t  in  weight* This would suggest th at 

the weight a d  d en sity  o f the eoispreseed ta b le ts  i s  infLuenced prim arily 

by the "apparent density** o f the m aterial and secondarily by i t s  p a rtic le  

else# The d ifference in density  between d ifferen t grades o f  bismuth 

subeaj^onate was boat illu stra ted  by the fa c t that the thickness o f the 

ta b le ts  o f heavy, medium and lig h t bismuth subcarbonate remained the same 

while the sex i end density o f  the tab let#  increased in  the order o f  

conpre ssion*

S3CPSHimST SO* 9

In the course o f  e^erlm entation i t  m s hoped that a study o f the 

geom etrical forms o f the granules might auc<t>si a d u e  which would a s s is t  

in  ta b le t making* For th is  purpose, d ifferen t compounds were granulated 

with 10?> w/w starch paste m  the bidding agent and passed through Mo* 10 

or Ho* 380 snesh sieves* The dried grandee were examined under a tsmfpiify-* 

ing lens* The variation o f sfaepB* o f granules i s  given in  the follow ing  

tab let

.162854.
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TABLE X E t l

a a a K T a iC A i. m e te  o f  i w m i ,

%mi& o f  compound ortmulBted Bimm o f Wo* 10 
B»gh gmm&es

Dried Almwmn Zf&dxoxid© Cel, 
1*3000

Pried ifLumdnwa Hydroxide G@lf 
}W»2QQ0

B issm tli S'dbcarbomte, lig h t  
Bism th svLhcarhom.te* medium 
Bisssuth sub carbonate* heavy 
B oric  a c id  
Lactose
Wao3̂ >eiyctaiXliM) mCLfadleftlna 
? 7 ic ro c i7 s 'ta llin o  sid l'ad lagln©  
FethensQEin©
Sodium chloride

Wtrehedr&CL

tetrahedral
irregular
irreg u la r
irregular
spherical
irregular
tetr&hadjrail
tetrahedral
cubical
cubical

Shape o f Wo* 20 
©esh granules

cubical

cubical
sp b ^ iea l
spherical
spherical
spherical
irregu lar
apherioal
i s p i i e r i c a i

cubical
cubical

Granules# prepared from ’the atom co^pomtds varied somewhat in  external 

appearance but the geom etrical d istin ctio n s mr& not d efin ite*  IMu lade 

o f  variation in shemm o f  granules i s  due to  the fa c t  that the sieve  

imparts to  the granulated m aterial the pattern o f the openings in  the 

screen* However* aloe© examination o f tlm above granulations under a 

magnifying len s allowed one to make certain  generall*«ti<ftui by c la ss ify ­

ing the aiiapos of granules in to  spherical.*, cubical* tctrnhcdral or 

irregular* When examining m y  sanple o f granules i t  was noted that even 

though one particu lar geometric form may predominate i t  did not caselnd© 

other forms* Poreovwr* tit© process o f  regranulation farther decreased 

g e o m e tr ic a l variations* khan the sane compounds grESuXnted tilth  $% 

acacia pcrmmr or Sg># liq u id  glucose solu tion  and passed ttirough Wo* 10 

and Ho* 20 mesh siev es wax© compared tilth  those prepared *£ tfc 10d starch  

paste as binding accent, no s ig n ifica n t d ifference in  the shape o f granules 

m s noted* fhus i t  was concluded tm t the type of  binder doe* not



$ 1

in fluence the shmm o f  granules# However* the e lse  md shape o f  par*

t id e s  of the tu to r ia l to be grenulatod a ffects th® ssmm&r in  which the 

mass *iiill ehresti through the screening sieve* Tine sm aller the p& rtidee  

o f  the m aterial am! the more flafcy in  &qpe* th© lik e ly  the grande#  

w ill take the pattern o f the screen# Other physical i^ropertiee o f the  

m aterial seem to  a ffe c t the manner in  which the gm nule s  mm shaped# I f  

the ingrecltcnts are lig h t  aid f lu ffy  and possess oonddersble cohesive 

property* as dried alusdxnta hydroxide gal or sulfadiassine* f i r s t  screening 

o f tti# m teriaX produces long* w ry often, teteaihedral granules* On the 

other hand* sa lin e  substances* lacking any a<ti@sivmes% when granulated 

©Yen with strong hinders* have a tendency to  break in to  sfcort cubical 

grandee* the process o f ^granulation* usually through a sm lla *  screen 

than that used for the primary gyenutatlsn* fu rth er  decreases the gsosaefcri** 

e d  variations among the grannies* Compression o f Ho# 20 laeah grannies 

produced ta b le ts which had a somewhat finer textuse and m more b r it t le  

fracture with a clean break and l i t t l e  cxrabling than th® ta b le ts  cetft-* 

pressed from Ho# 10 mesh granules# Thus I t  soc&s that the actu al shape 

o f  tbs granules has l i t t l e  i f  any e ffe c t  on the appearance and properties 

o f  the ta b let| however* the mesh o f the powder and scm. pfgrticularly* the 

sd.se© o f the p a rtic le s o f the powder used to prepare the granules and 

th© sis® o f Vm pmtvSX&& themselves* as® o f paramount importanoe so far  

m  tlm properties md the tesrtere o f ta b le ts  sstm concerned#

OOHCItiSXCSf

C lassifica tion  o f  the elements according to  the pattern o f th eir  

in tern al arrangement or ao«c^Ll@d crystal, system* in d icates that there 

i s  a d e fin ite  relationsh ip  within p ra ctica lly  each jpeif* o f  the periodic



table* The system  in which the elements crystal!!m  m et cubic# t@t?a~ 

gonatiL# heaeagonal, oart&eriioE&ic and mono-clinic* However# nom  o f the 

&Xmms&'B o f tha |ieriod ic table so far examined crysta llise®  In a tx ic lin ic  

c ry s ta l  system* There are c o ^ a ra tiim ly  few mettil~orgm3jo and, organic 

compowida. ^hlch cry sta llin e  in  the cubic cxystfit system* laieng orga iie  

compounds the most comsJKanly encountered cry sta llin e  form seem  to  be toe  

moneclinlc crystal system# The actual ahepe o f the p a rtic le s  o f  the 

m aterial cannot. In must eases# b© Id e n tif ie d  id ih  the crysta l systea o f  

a substance#

To determine the re la tio n  between the ©as© o f ec^ ressifcd lity  

(absence o f stick in g  to the pun dies -of the ta b le t m  chine) aid the crysta l 

system fifty^ six . oompomds w ra  subjoetsd to d irect ©oBfxresslon* Bubatanees 

belonging to the cubic cry sta l system presented no- d iff ic u lty  fo r  d irect 

corprossion* The d irect e o ^ r e s s ib llliy  o f the compounds belonging to the 

tetragonal, hex&f&nsl# orth orto ib ic, nonocliRic end t r ld in ic  c o s t a l  

systems was variable* The r e c i t e  obtained seem to ind icate th a t usually  

the eubstanees a® sed ated  with the monocllnle c o s t a l  system pro sen t  

d if f ic u lt ie s  during d ire c t  eorpressioii* th e  substances presenting no 

d iff ic u lty  upon d irect essnpression usually present no d iff ic u lty  while 

being compressed In the form o f granites#

A comparison o f phy*»le£L properties o f ta b le ts  prepared from d ifferen t 

p a r t ic le  s ic e s  of the exmined m ateria ls  (some of Which were ecfflprcssed 

d ire c tly  arc! o thers in  the form o f  granules) suggest® that m  the p a r t ic le  

s i ze i s  progresaively decreased, the weight and. den sity  o f gs&mftes* and 

the weight, thickness a id  d en sity  o f  the- compressed ta b le ts  are increased* 

Bismuth subcarfoonate appears to be an ©atception to  th is  hypothesis* Torture 

o f the ta b le ts  was progressively finer- as the p a rtic le  sis© decreased* When
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