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CITRIC ACLID AHD THE CITRATZ ION 55 FACTOAS IN TOOTH DECTAUCTION

Geotion 2. Infroduotion end "oimtes of Gemerel Interest

The citmte fom has & wile blclogie prosenco sad epplicetion.
It ie the wold of meny fwuits, partionlerly lemone snd limes.
It is sn exsellent suti-congnlant for blood (1} (2), the usual
understending beisg that this propesty s dse to the fommstion
of unionizod csloiun selte. Stevart L. Pereivel in theiz studiee
~ on calefum motebolian (5) heve "found thet the sddition of eodiumm
gitrate $o dicod prodused an offeet pdditionsl 4o the fomeition
of en endiscoelcetad caleiun sal$~-1% broke Goun the undicsooisted
nop=difTueidle gelsiwm ovmploxes of the blood.” lollmwm (2] in
apsaking of the oltrates saye: “Their htm injection
{not orel edmintatretion) profduses the typlosl effects of & ouleium
deprivetion.™ Thother or not the celoioe in the red oolls i
sitered or not, the chill thet oo oftem followme the use of oitruted
bicod for trenefusion bas leod tv eoncicdercble contruversy so %o
the sdvissbility of this technicgue (4] (8).

“otaseivs: siivete Lo wldely weod es en albelining agent fov
the urine ag in the ferilisr coembiwvetion with Ayooyumms given by
urologiess for the palief of wrinery buming sad uramey {8).



B
hen the antiesearbotic effeet of lesons was firet &lseovered
~ there ves a comaidureble ¢ime when morkera Shought that the effeet
lay in the oitric setusr than in ihe undiscovered coviteniso scid.
Lomever, miﬁiﬁﬂmmtﬁﬂm-xnﬂﬁmmatm.
eeid a2 s veapmt to be inefrentive (V) (8). ind when one con-
sidors the present snd pest sdvossoy of e¢itrie scid in infent food-
ing formulne {8} {6), one wonders just vhet wms the censs of the
mysterions docths of pertein rebbits used in eertain sxpariasuts
on the oitric ion {10}« They vers fod eitratad milk and they #ied,
with Sypilcal comvalsiens of ealeiu: Joprivetion, bdot it is not koomm
Jost bow the cflrete fon iIn lethel quantition gt m the gastro=intoos
timel %o %he eireulstory psthemys. lowevdr, sinee sodiuvc citrete
wos used, the result may heve boen slinloais sad not citwediocan.

1% iz futeresting that theye is & norml siteede combent to
both cow snd omen milk of 80 %o 100 wug. per 100 ¢o. (1.
Congidor thoe fommls of eitric agld:
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of the love of this sompound foy camplex formatico--one hes ouly
o rempnber tha theorics regerding the moleculsy echein stete of watar

o

zo-N

-—gnd then %0 repeil the nse of eifretos in the prepurstion of
slislise copper reagents for suge?; $o be porpotusliy om guerd for
now oenifustations of tiw propordy.
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It was the resction bebween aitrete lons ond caledum lome, ——
however, which opurred us on %o our work an teeth se oullined is
Seetion B. Chear, ‘remer, and Reseikeff {1l] fommd thet sn altmte
fon 1e edded to ¢ solution sonteinisg soleins ious, that the
specifie oomdustivity, iastesd of beling inoressed due to ¢ greator
mmsber of jonz in sclution, iz sctually deoressel untll en weount
squivelent to the cslolun lous elrsedy present 1s added, sfter whiah
the specifie eonduotivity does inoresss ss wnldé rarmally be ex-
pested. Olark, Pereivel, ead Stewert {12) hovs shown the seme faed
by their cpecinl sensitive physiclogie test for eelolwe iovs, using
the frog heart) f.¢., the adddsion of modiun oilrede deorsased the
saber of eelolws lens present.

Ye srs doaling, therelfore, with an lom of wide physiologle _
resvonse, and eny resalts should be imteresting.



Seotion B, Tooth Destrustion by Citric ieid Candies

1. Imcoptiss of She groblen:

This leborstory is partioulsrly interestod in serdbonyirates
and their physiclogioel effects., It wes inewitsble, them, Shet
heving seon the oshservetione of Hiller sné Weuwwirth {11} wegarding
hard candies ue en elfologionl festor in seversl cssce of zoute
wholesele dental caries thet we should seel some theoreticsl con-
sideration %o explain the sffoct. These suthors report oiz euces
of wholessle series developing within six monihs $o two yesrs snd
iz 8l11 but one e history of suddenly doveloping en sssceistion
with hard osndies was Tevenlod. Regarding these saries they say,
“The moat otriking ¢ype of Aesnloeification is that found in the
mouths of confoetioners snd dakers, who srs constantly inhaling
tho fumes and duat of cerbohydretes ss an ocoupstionsl homards™
They also mention thet herd ssnfies ere found %o run 60, 98, snd
even 9@ percent cans-suger, end thus they goncinde: *The high
sarbohyirete content of these esndiss 1s most vertsinly tho csuse
af the degsleifisetion hare deseribsd. The esrbohydrates sre in s
form {csne-sugar), medins, and logstion, in whish they osn be
rendily soted upen by beoterie even without the intervention of
salivery enmymes. Thiz faet is pointed out decause of the habis
o the pert of neny who purnit these csndles to dissolve in the
mouth et night, shen there is lessened sslivery secrstion.”



Our first thought vas ¥o Qlasover sose hezcse~phosphete
esubinstion that wizht speod up the deceloiffcetion} but prelim-
Inary experinents showsd sbaclutely no detsrainable ssloium in
praserved neutrel solutions of verious sugars thst were silowed
to be in gontaet and flowing over freshly exdrseted humen teeth
for periods of twventy-four hours %o & wesk. This megetive resuls
ied to & sonsidorviion of other fsetors to be foumd in the coumon-
iy sonsumed hard candies. Even & oesval inspection of any cendy
stand losves ond impressed =1th the mmny varfetles of "fruit drepa”
or eitrie coid flavoured cuncice on sele« ind our ewn persomal
cbeervation is thet tho hadit of slowly dlssolving suoh oundies in
clese contaet with the Seath le wide-spread, loreover, preliminery
sxperiments with solutions of sach seid oontaining ssndles showed
groesly pelpeble dectructica of dontsl surfeoes snd measurchle
emounts of Jiscolved caleius in less them six hours. Puffeving
with sslive was later found to slow mp the process, tat the deonle

* eification nevertheless was evidont. Perhape the sotive sityete

ion ves ot work, we thought. ouch s commection wme never shown,
but at 2ll times It was eesily seen that dostruetion did take
rlece, whether by resson of the gross seldity of $he candy solue
$ione used or decouse of the activity of the oitrets iom in some
somplex fon offect. Hyglemisally sposking, it would seam o0 meke
1ittle difference.

In a study reported ia SR by Enright, Fricsell, and m‘“;
the gress effests of aoid on toeth were thsorved. They hegin by a
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careful survey of the thecries of csrics snd mention thet there
sre "t9 schools of thought-—ons mainfeins that Ioesl envircomen~
tal rsetors are shilefly responsidle for caries; the other school
bold: thet defleient diet end defective mutrition sre primevily
sad safficienily responsibdle for the geuswiion of deesy.* Thoir
final evnelusion %s thet the semond sohool se exemplified by
Dre ¥ay Yellewby (15} is suffieciontly well catebiished se 1t relates
to the poricds of tooth growth to be aocepted, bat ihet the first soboel
is on the right treek, pertisulerly in cases of coute caries. In
thair exporimental work ther establish & pii of &.0 es the upper
lindt of sericus aeffssts. sad it will be seen feess fhe results
reporied that we hove sunfimmed this Tigure.



2. Exporiments) frosstures eud Teghniques:
e+ The Sesth used were freshly extracted epsciunsns from the
Depertment of Dentsl Medicine of the University of Oregon ¥edical
Sehool (utpetlient Slinie, except shere speeified. They were
mounted in rubder stoppers sftsr protooding the moota with beeswss
ané selideproofl painte. Thus, only snooth norsel snamel surfsces
were sxposed exespt aczoss ihe srinding edges, Theso teoth were
not grouped by sge, nox, or provieus hilstory of carfes, tut dié
| pososss axposable surfeces haet were smooth and fim. Yurthermors,
#ll the testh nasd, regardless of gsondition ar sppesremcs, diseolved
t0 s oomparable extent in the suepectad solutions.

b= The stopper> with teeth mounted vere plecesd in the mouihe
of twowcunge spetisen bottles gomteining 30 %o OO ge. of the tesl
soiutions or solvemts. The Sotal amouni of the solvent mes poe
surately regorded end that figure uzed in determining the toial
enlcius dlssolved.

8. ‘The gnamsl squivelent of the ealelun diseolved, ceorrected
for cslelum in the ocandy itself or iz the ssliva, was celoulated
by multiplying the eslotum by 2.7, which e {he faotor dotermined
in 1930 by Dowss and 'urray {I4). 5o eddition wee made %o this
cngmel eguivalent for the insoluble forms of altersd enmasel that
sppeared as & visidle layer of fine ok lky nsterial on cach treated
tooths The significense of this s further disouesed in Section Z.



G The dottlas wers then festensd in e rotery miwer whish
inverted them ghout forty tihwes & minuts Ior the dursiton of
saivent aotion.

#s Calolon wes detersimed by coloium method of Kramer oand
Tisdall (18} so modified by Clerk ant Collip (18).

f- i{alivs for she exverimmts was eollected whils chewing
Pereifine end then filtereds 4 drop or two of 107 thymol in
ohlaroforn was used ss & presarvetive, Juch salive scutaing B4
miligreme por 100 co. of cslejum,

& ‘he "fralt Jdrope” used were populsr dronds ssoursd on the
open mmriet. These also ommbein es epprocisbls emount of caloium,
80 that he 40F sclutiome 1z selive run fyom & %o 9 mg. per 100 ee.
Brend "Ai” soutgine more caleius then brand *B".

he Phosphorus wes deterained by the method of Bomedist
end Thels {1%).

i« The teeth used vere identified by seriel numbers end in
fome CasSdR werse ruR @ ssound timo aftsr being trected first with e
selution whioh geve no effests. . fow of tho Sesth were slso trested
after 10 months of drying &t room tumpereture, both instssd of end
ia sddition o trestment vien fryesh,



S  Lxporimongsl Nesults
The results thet follow embrmce Experimenss IV, V, VI, VII,

and Viil in the notebook of originsl resord.

Calelum Figuresie
Tooth A mp. of dip~ i Fineldl
JElen syperimentsl Sonditicns eolved emamel. mg. £

1. 10% orenge, Brand “A", im waser, pi changs

2.8 to 3.8, 25 bhrs, contaet freah Sooth. 18,1 g2
B« 20% orange, Bresd *i*, $u water, 3 change

2.6 0 Bu3, 255 hrs. sontaet fresh $oobh. B8.6 35
13, 20% lims, Brend °A", in woter, pi change

2.0 to %8, 24 hrs. coutant fresk tvoth. 20.4 33
8¢ 40% sucrose in weter, no buffer sdded, end

P 845, 54 hre. costeot ivesh toobh. [ % 4] a
4 €0f orenpge, Hrsnd "i%, in weler, pil change

240 t0 B9, 24 hrs, oontast fresh Lovkh, 2.2 1 8
B. S0% lemen, Brand "iv, in water, p!! change

8.8 to 2.7, 24 hrs. econtact fresh tooth. B4 29

8. 204 mint, Drend 2%, in saliwve, »5 change
8.1 %0 8.4, 24 bre. contect fresh tooth. migng 12 2.3
¥« 208 11“; Brangd *A", b §-3 ﬁtli"l. P chenge

S50 0 Gul, 24 brye. conteel fresh $ooth. 1.8 8.8
9. 207 showry, Brand "B®, in salive, pil change

Bel to 5.8, 24 hys. conteot fresh tooth. 1.3 B.S
10, 2058 ovenge, Srand "B%, ia saliwn, pii shange

8.0 S0 5.8, 84 hys. comtact Tresh Sooth. 1.3 6.3
13, 20%f pinespple, Bremd 5", in salive, p8 ohange

Hedh 0 D46, 24 hye. contect Cresh tooth. Ge¥ T3

i2, S0f lemen, Brané *B*, i anlive, pi ehsnge
80 %0 5.8, B4 hrs. contest {resh South, 1.2 8.0



%a. 405 lomon, Brend "B", in saliva, pi ehange
3.6 to 3.7, 22 hra. svontast frech tooth,
Sa. MMM%" in saliwe, p¥ chenge
Bed s.a.u&xmamt:mm
14, 40F lovaloss 1a saliva, P at ené ebout 7.0
24 hys, contact freah Sooth.
40% iime, Brend "4%, in sslive, pii shange
3ab o 3u8, ﬂtm»ﬁ“tm&hﬂia
wimm*r,n&unmﬁiahm
s.wwa;s,ssim:.mmmm
19, 402 lima, brand *i", in salive, pi change
. s.anmv,a&ammmm‘
80, 40% lemon, Brend "B®, ia ssiive, 3 changs
- B 0 5,9, B4 hre. somitect fresh tooth.

Brend "B*, in selive, rﬁm
,1 dry tooth in ocontact.
» ia sallive; pi change

145 .mtutmm
M“t’. In sslive, »il chaange

ﬂ
b T
M
2.7 o

407

57 3.9, hre. contect dry teooth
= !

2.7

HHEH]

o

148
40% iime, Brend *B*, in saliva, p8 shange
8 Je6, 140 hrs. contest vy tooth
40% cherwy, Brand "B”, in saliva, pH chenge
%0 4.1, 146 hrs. coantact dry tooth

¥R
g

0

Calalum Filpiresiws
is mge of din- iz Final

M'MM solved emamel, mg. .

£.9
1.4
sime 0.5
30e5
Jed
Yul

7.1

21.4
.0

2.7
Sal

v
“ 3
2.3

B R B

G 5 8B 8 B



4o Obgervetions emd Gomsents Fegprding Teeth

411 teeth in which the surrounding medium increased its caleiwm
eontent, wheother the ineresce was mmeh oo but slight ss in the 20%
saries, showed s youghening sssily peslipedle 3o the Cinger tip.
Farthermors, the chalky deposit alresdy menticaed end whieh fzms
sush a large pert of the chaervatloms of Earighs, fricsell, enft
Tricocher {12}, was present in all csses, snd gives evidemcs of
mweh grostar {estruction then anz be seoounted for by the cslelan
in solution. Seotioe *0%, following this, iz dovoled $o » study of
shansea thet ccour ia the solid phase whem a aalt sinilar iv formmls
%o tooth enamel is exposed to ¢ solvent conteining the clitreto ion.
Horeover, from Tooth lNo. 18e, end from an sotimated ares of sbout
o8 8. mm., ¥ ng. of abalky meteriel was removed by seraping. Om
monlysis this geve & moleculny Ca/? petis of about 2.3, which is
approciebly greatar then the 1.07 Oe/P ratio of tooth ensmel (13).
Some of the phosphate fons heve perheps been replaced iz thie
material by ciirete ioms.

The sscun: solmm of figures in the precvsding toble is edded
%0 show Shet in sll of the 40% solutions the Timel cslelium gonsen~
tration is well sbove thbe moot recent figuree for the celeiom com—
tout of nommal ealivs. Mdwerd Oy ¥ech (18) gives the celsium rangs
for salive as 8.2 0 7.2 mg. por 100 oft., and the genorally scoepted
range for noimal blood is 7 $0 15 mg. per hmdred oc. !ui* Felther
Blood nor sailve eould well protect fteeth from such solniion.
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i few studier wore slso msdo of the progrsscive sotiom of
these candy solutions on teoth. Lvem toelh that were meriedly
stohad at the end of twenty-four hours, were in most instances
bot slightly roughemed if st all by the ead of eix howrs,
Ghemical studies of the solvent solutioms fofled to reveal merked
eetion up to the end of the simebour poriod. |



Section $. Chanieal “ftudies om a Synthetis Selt

Having shown the$ Sooth emmel is sotively deatroyed by solue
tiome of seld candlies, our next spprosed was $o esuilibrets varyiag
emousts of specially pregmred tri-cslicims phosphete with sitrete
buffers of wverying pil. This wse not sntirely ¢ new epprosch, fow
shenisots, hoth precticsl snd theorstiszel hazve not negleoted the
intricete intorrelstionships of the csletun, eftrate, sad phosohste
ionp; tut our sttempt voe %0 mnke quantitetive studies thet wenld
perullel ks semieguantitetive work done with Mummmn Secth.

Firet, & survey of aome of the sitention ¢het the aitrste joa
hae msiwt_t‘ especially ar relsted %9 ealelum or phosphete ions,
is in order.

The emalytionl metheds of the resoelstion of Offieiel gricul~
tural Chemiste {80) for “eweilsble phosplorvs” in epetite cor bons
meel hes long eentsrad sround the solubility of phosphetes in
neutrel somonium gitrste.

Remssy (Z1), iz e study of thia subject from the viowpoint of
commereiel anciyzis, pointe out thet "ebout 91% of the tosal |
phosphorue pentoxide in pure tricmlcium phospinte 1= saluble in
2% eitris ssid in $hirty sisutes.” It is imterecting to note thet
in concentration of citrete fon the 2£ eitriy ecid io but slightly
ptronger then the J.1 ¥ buffere used in the experiments in our
lsboretory. Of esourse the PN of the prs seld is merkedly lower
{evound 1,6} than the pf of the buifera ueed,
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Fiske, in 1921 (22) tekes sognizesce of the interrelstionship
of scaleium end citrets iome when he uses citrate to Immobilize
eslofun durimz the presipitsticn of phosphsiss.
Jaeob, Becaam, inder, snd Noss of the United Stetes Departoent

of igriculture (83}, found thet for maxious: ty there mmst be
vV
e enffiefently lorge retis u%uum phoaphote -@mu sa@

$.8:5 the sgmplz sust not bo too large. They founé Shed 0.0 grems
Tas the meximwm sgmole posaible Tor the 100 s¢. officisl sacuns. I%
is ioteresting t0 nobe 1r $hils connection thet the method of anely-
gls s by differense and chat is reslly detersined is fivet the
total phosphorus end them ths eltrrte~inesiuble phoaphorus. That is,
neithey the concentretion of caleius or phosphorus in the eomonlum
eitrate liquor was delorined.

In sn Itelisn atudy by Travers sad Perrom (26}, the vorkers
feal that they heve shown thetl the selubility of the saleium
phosphates in semonium altr-te is dne %0 a double reversibls do-
emmposition seoompenied by the lowmetion of ealaium olirete snd
gooponiug phospha$e. '

Thile treajing celoium carbonate with sodium sitrets in &
study of the a20lubility product of geloium carbonste, Hastlags,
¥mrrey, end Sendroy {25) eoncluded thst Lhere wes ovidence of
the formmtion of & alightly lonized galeium aitrate coupounds

Jhoar und Zzemer (28] have ehown by sondustivity sxperimente
that the sddiisien of ealelum chloride %o e solukion of sodium



, b 1.1
citrate decrossed instend of fnoreased the conduntivity of the
solution, thue polating %o & dogremze ia the number of molisoulary
or lonie perdicles present, ond giviag direet evidense for the
binding of eclelium ions by sodiux oltrete in some kind of
soludle complox.

Hasztings, Yolesn, HNiehelberzer, Aall, and Dafioste {27) heve
arrived et conglusions aimiler %o thess of Soeer and Kminar {28}
and have veed physiologic msthods in their mork. They feol that
“%hen ssloimm and oitrate aye presant in solutiom, & part of the
ealziun preesst is bomd In e eazplax, negativoly eharged ion.
Thay prosent ths following probeble struotnrel formulz for salcium

eitrote: B
e ° A
» ] ~
Cr ch c',
t
0"-'"9’ o>2C~0 ~Ca—0-~-C =0
o
\
Ca.
\
T
THEE OS> C— 0 ~Ca—0 —¢ > O
] Al \
— - 5

The ground thet we ere covering, then, is by 5o moens new,
yo% the presentation of e serics of experisenta that gives
eshanionl avidence 28 to the sechenimm of the destrustion of sudatenses

siniler $o dentel snamel doss not ssexn %5 have provicusly beon done.



P Gemorel Ixpovinental Jothods
These vere sssentially the seme ss those used with the

aclusl teeth. The seme rotery mizey mee used, Howover, for these
sxperimenis it we moved $0 a large Inoubator reoom thet is constent-
1y meinteined within one dugree of 38 degrees Ceatigrede. Furthore
‘more the shaking time wes imoresaed s0 ss to confoms to that used
by others in equilibriw sxperimente on caloiuwn salta {£8). But

our ztudies were with syetems in whieh thers was a Jofinide szcems
of s0lid at the end of the elapsed time snd we were not ¢mosrneod
with solubility prodasts, but with absolute sclubility and with
solub 1iity retios, end the sine of eguilibriuvm shauld be lecs.

The synthetic tri-celoium yhosphste or tri-seleiunm phosphate
somplex was propered in this ladorstory from ¥allinkrodi's Anslyi~
igel Resgents soconiing to the genersl directions of isllor (29).
He says: "Pure erystalline tyissloius phoophate has uot yot been
found in naturs, oF propesred in the laboratory. Tho msarest
approech o purs eslsium phosphete ls made by adding sodins phos—
phets o & solution of caieim‘ chioride in the preseance of somonle.”
Thie rrogedure wea consequently used and 190 grems of NegPO,«1S¥g0
vere dissolved and added to & solution of 110 grems of Callp-86gl
ané the whole made up to shout four liters. The mixlure wes then
boiled seventesn hours %0 inerecse particulste aize, the liguid
decanted, =nd the preeipitete washed with distilled water. ‘'ashing
by fdecentetion was followed by weshing by semtrifugstion until the
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45% veshings wore free of cblorine fons. : marked tondency for
$ho selt to remadn in sami-golloidal solution appoared at the same
time. These weshings were spresd over five duys. Two waskings
with 957 slechol end one with ethep followed in order that the
resultsnt axorphous cake might not de teo Berd upon drying. The
produet wes thon sir-dried for two days, sesi~pulveriged, dried as
120 degrees over nimht, and them further pulverized sand seroensd
to 60 mesh or smwller. imslysiz of the finished profduet geve
37,47 ¢sloium end 17,38 phosphorus, snd a molesuler Ca/® ratio
of 1l.09. This may be coupered with the fignres for pure tri-calefws
phosphate of 38,7¢ caleiun, 20.07 phosphorus, and s molesular retio
of 1.80, 7The eddition of culeiys hydraxide or csleiuwn carbonate
- molecules by adsorption {50} might aceownt for the verietiom. In
fast & noticanble ovolution of oarbon dloxide cgcurs shen the sslt
is treated with strong HOl. The Ceft retio of the sslt corresponds
elnost samotly with the 1.06 moleculsr retis of apstites,

S0nyl 7041500005 ot with the Ga/F matic of 1.67 for the minezal
of tooth onmmel {14).



B mimtm o8¢ the mmtm carn :mr chﬁu Avid ot

To facilizats the preperstion of 0.1 ¥ oitrete buffers, it
seemed axpelient to experimentelly determime the somplete buffeyr
curve. The sclutlons used sere aliowad o goms to Lhe temporature
of the ingubetor later wsed for seludility exporimemts and pil pesd-
fngs were made with the guinhydrome electrofe. 0.08 ¥ potessium
eelé phtbslate wee used in the reforemes cloetrode end the pii resd
direotly from the following teble, sseording to the cbeerved
slsctromotive fores im millivolSs, The formule for eeleulstion e
found on pege 50 of the University of Uregon Iaboratory Mabusl in
Bloshenistry, edition of 1035, and is: Ey - i&!ﬂ!ﬁ . 5}_ =

<0817 (38%)
£ at 50° 0. 1o 0,0808 5 ot 50° ¢, is 0.4445

Sboorvaq M Sobsexyeq @ B
«150 1.08 50 4.78
~180 8,08 6o 4,94
~110 £.19 90 B.10
~100 2.56 80 5.26
- 90 2,51 20 B.48
- 70 2,83 110 5478
- 60 £,99 120 5.91
- 80 3,18 130 8.09
- 40 B.58 140 5225
- 50 3448 150 8.40
- 30 3.86 160 8.56
- 10 5,80 170 S.72
] 3.97 180 6,88
10 413 180 7,04
£0 4.29 £00 7.21
30 445 20 737
&0 £.81 220 7.58
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in detemuining ths buffer surve for citris auid, 10 cse of
UeB00 B eltric seic (ocheosknd ageinet standerd Hedl with phenol=
phthsalise indiestor) was taksn, verying cuantitlee of ﬁ.tﬂfﬁﬁ S
HalH were added, ond the whole mede up o 60 ec. 1o = wolumetwis
flaske ALl éoubtful or seumingly incomsistent resdiags of the
potent iomeler wore rechecked at losst twise, The resulis are:

gos Nl nsed  leGi gs 0,500 % om
0,00 0.00 1.56
1.00 0. 99 2.10
2,00 1.98 Be 30
3,00 297 ‘ 2,86
8400 2,95 E.86
8.00 Ge P4 2,91
7.00 G 93 S.02
8,00 T.98 515
.00 HePA 3.57
10.00 P90 B.88
11.%0 10,89 B.89
12,00 1l.08 S.60
13,00 12.86 3.80
14.00 15.85 404
15.00 14.54 4.2%
16.0G 15.65 £20
17.00 le.82 L9
18,00 17.81 4,61
12.00 18,80 4,75
20.00 1.7 4.06
81.99 80,78 808
2200 21.78 : Ba10
23.00 82,97 8.2¢
824,90 8%. 77 ' -
800 84.76 8,81
88.00 Bh.78 5.70
.00 26.70 888
28,00 27.75 G.06
28,00 8.4 837
3000 0. 73 7.00
00,80 20.93 738

These dete sro plotted in the curve of the following page.
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4. Gesorsl iurvey of izperiments "ith Tri-Caleius ‘hesphate
In studying the solubility of the speeially systhesized trie

onlzium phosphate in buifers eomteining the citvaic jfon, the pi
veried from the lowest starting pii of 2.41 %o the highest finel pil
of .1, The volume of the solvent mffer was kopt constant et
50 es., DUt the welght of tri-csloluz phosrthete wes changediss
Cu3 grems, Uod gramm, 1.0 grema, oF 5.0 groms.

The following wolecular pat ios help $0 empbsgice the changes
thet teke place: '

Calip,) 0. 50
plgin gt
mamel {14) 1.67
ipetite, Jex(roy) 1.67

Syatbetie “Triecsloiuwm” s 1408

in ome or more of thess sxperiments the follewing fscte
may be shown:

& D values below O.1 show e solution of both Ce ené 7.

Be 8 vaines delow D.l glso show s altemetion of the solid
phess, deet evidemced by sr insrsese of the Ca/F retio of the solid. JQ
And et the seme time, the Ca/P retio of the licuid 1 incrsssed; %ﬁ@i@fﬁ/
thet is, phosphete iomes Isevs the solid exnd en fon (the oftrate i
the only omz eveilabls in moo% osses) leaves $he ifquid.

g« Then the i volue weas adoWe D.]) o J.8, thers wae a
mavked tendency for the synthotie wali %o onter s e0lisidel zryatem

=itk {he elirste tuifor.
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d. Witk the smeller ssounts of sslt, the tendensy %0 fom
eollofdel systens uih ths golvemnt buifer wes smmilow.

o. vhen phithelate or stetste tulfers were used a0 such
merked changee sould be denonslrated.

f. Pioslly, by the tias these experimants were Tinished, 1%
ssouefl thet the Intaerchemge of phosphete end ajtrate lon: formed
a8 very pleusibls explenstion for the sppeersnoe of u coft arunbling
deposit upon the surfeos of humpn tooth ﬁat are axpossd %o sitrete
baffers end to solutions of eitrie scld sandies.

The results of ‘zperiment Twelve in whieh 0.8 grems of the
synthetle tri-galefun vhosphete was sdded to 50 se. of Gl B Gitrete
Buifer, glve the moot represgentstive resulis in desonstrstiom of
the sbove rmmarks:

Ril chenge Ge/s Rgtio im Selid  Im Iiguid.
1o 2,81 %o 3,39 (S 0.83
2. .15 t0 5,98 8.4 0. 47
Se 3,50 %0 3.08 Defd Ge 33
£» 3.08 to 4.23 Oed 0.31
Be 4e21 B0 4.78 del eoiloidsl.
£o . $e45 h 5;& E fad -
7. 4.75 %o 85.20 1860 -
8. 5400 50 5440 1.08 : ®

In the ‘auz section the resulis of sll the experinments ure
tabuleted in deteil. Thay sre arranged in the order of their
perrormence and the gmments abtoupt $o give the effoct of sech

experinent upon the developmmmt of this problem.
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8. Detelled Hesults of Experimsnts Vith Tri-Calsiun Phesibate.

Experiment Oms. (s mmwbered in origiasl resord book)}

Thie waz in every recpect 2 preliminery exporiment. The o
portance of eolleidsl sffects sdove a pli of 5.0 had not yet been
eppreciated an? the finel solutions were not cheoked for thet opel~
ssgenee thet Introcduces en undetemminod feetor into the figures
end at the sane time suzgests & couplex fon offect im the celeium
%0 citrate relationahip.

Twe pi velues, 4.90 and 8.33 were used, O3 grams of trie
oslolun phosphete, conteining spryoximetely 2.8 wmiliimols of caleium
and 1.7 nillincle of phosphorus, Yi sheken for 72 hours with solu=
tions of warying sitrete conoouiretion s Indicsted 1n the Sgble.

after sheiing, the supernstent lisuid wes zuslyped for ds end P.

pil Chenge. Citrets  NHillimols  »41limols Sa /7
Gomsen, ©s in sol. P in sol. hatio

Ie 4496 50 5.3 0.1 ¥ P ] 1.60 1.58
Bs 4496 to B4 0,00 8 1.8 1.0 1.50
B3« 4.98 %0 6.4 GG} ¥ 0.3 0,88 1.18
4 6.3% %0 7.1 0,05 . 0,35 0,30 1.14
Be 833 %0 7.2 0,08 & L 1) .18 4,89
Bs G.38 %0 7.5 001 W 210 C.1é G728

ts seo n double effect in this exporimesnt. Firet, the emcunt
ef both eeleiun end phoephorus merkedly docresses as the pil of the
fine) sclution rises. /nd seeond, the emount of both calelum and
phoarhorue marieily decresses ss the amount of citrste fon &5
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in losoened, However, the cumulsiive effost of both these changes
was grester in the sbove experiment uwpon the exlelium then {% wes wp~
om the phosghorus ss sbows by the stesdy dseresss i the Ca/P ratice

Experimant Two.

In this experimaut $ri-pstsssius olirvie wae weed im 3, £, 1,
0s8, 0%, snd 0.1 moler comesnixstions. 00 ea. of solution wae
chuken with 0,3 grams of trieesleiun vhosphstsa. The higher citrate
gongentretiions remined slesr at s8ll times, Dut the 0,5 ¥ snd lower
grodus lly heeume opaleosgent. No celelww eould be dizeovered in the
eloary niu»‘sin-". After ¢ woek or o $ho opelesoent solutions would
sotils omt, tims indiesting the prescnce of o solloifel syatem.

And when such opslesecnt sciutiomns bed settled clear no calsium
goulé be found. |

ixparinet Three.

Pith $his eaperimext $he wes of 0.1 ¥ aitrate buffers was
started in osvery bottls. 1 grem of trimesleius phosphete wvas used
in 50 co. of duffer. OShakisg ses ot room tempersture for 68 hours.

Ho. & romge (Comdition of Solvent Mmol g Gis. MmOl T ﬂ

, 1+ 8.1 %0 7.1 Very cpalescent G820 0,90 ©0.69
B Be8 to 8.8 Yory m‘t 1.70 1:10 1.54
3. 5.8 to 5.8 Very opslessent 5,10 2,58 1.16
$e o8 %0 Bu4 Slightly opelesemt 0.87 S.08 0.19
Be 3.0 t0 4.8 ¥ator clesr 210 4419 .50
8 2.4 to 4.0 Uator clear 3. 07 4.77 0.75
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The 1 gram of tri-osloium phosphate introduced into each of
the buffers in this Supesriment Three condsined spproximntely 2.8
millimole of O snd 0.0 mililisole of P, MNoke vhet & lorge percont-
spe of the phosphorus went into solubion in the last two buffers.

Experinents Four, Five, Ciz, Jevan, and Eight.

Theso were conserned with the solubility of testh in eandy
solutions ané have been fully trested in Scotion B. heoell, how-
ever, the snslysis of the chellky layer on Tooth lNo. 18a, uwoed in
fzperiment Viii, ¥ miligrems of powéer wers removed and found $o
oomguin aﬁi BEs of osiciun snd 1.00 ag. of phosphasrus. Tais gives
& molseular zetic of 2,30 or ¢ matic by walight of 2.983, tlms showing
& gufinlte deoresss In the phosphorue content of the soft echalky
leyare (0a/P for enemel s 1.67 {14} }.

Lxperiment Nine 1%,

The ohjeet of this experisent was $o study the effect of
grestly ineyereing the smount of powdersd $rieeslelum phosphote
adéed to the 50 co. of citrate buflfer. secoriingly, & grome of
G0-megh poudsr were edded to the G.l1 ¥ sitrste buffers of the
indiested pile wmking wes continusd for aine deys in the constant
tenpersture roon (bsotoriologiosl insubetor) ot 38° o. ipproz-
fmstely 48 millimols of csleium were iu the Ixitial eolid, end
; epproxisetely 26 millimols of phosshorus. It will be seem thet
ingressing the selt doos not give much more saelution.
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The table bolow glves date for the solvent sitrste buffers ot
the end of thie experineat and slss insludes the Cs/I metic of the
sorreeponding solid plieses. Uote the oppasite trond of the retios
for the solid sad the liquié phesss. The determined moissulsy
ratio of the tri-saloium phoaphstes 15 1.00 {es previously memtioned);
while the moleculer retlc of the flnel solids obisined wse in nll
cases higher thom 1.08, snd the Ou/P retfo in the fimel solutions
was in sl} sases lower them 1,08+ It ooams, therafore, very evis
dent thal phosphorus moved from the s«lt introduced %e the solvent
balffors 4t the sshe tine 1t soems probeble thot the eftres: fon
noved from the buffer solution to the solid phese.

iven more signifiesnt in this respeat wmeore seriain snow-vhite
sgzrepgotes found in sll the finel solids, Wt moet markedly in
Bos. 4 & B, in snulysis of theas sg@rogetes Tor celoiuvm snd
phosphorne gave @ moleculer Ss/  retio of 9.4 end 8.8 respestively.
(ne may vonslude thet the agorogstes contalin = large proportiom
of saloiua citrete.

lunl ml oefr ce/?
fAstis Ratio

Ho. pii chenge mgm&%.,m_&_

la 5.2]1 %o 5,93 2 slus opalesgence G0 @8 1,40 1.70
Be 477 to §5.86¢ 3§ plue spalescance .1 4.8 1.45 1.96
B 453 t0 5.45 B plus omalosoence Foel 4@ 1.45 1.70
#s 421 20 2,29 3 plus opalesoance Bal  Aab  1.15 1.98
Bs 3.7 to 8418 4 plup opolocounce Ul Gad 110 1.78
Gs 35484 t0 4.91 siightly opslesaent 1.8 3.2 0.88 1.88
72 5,40 t0 4.08 clesyr 8.8 3.5 0.7 1.89
8. 2,78 %o 4.35 alesr 1.0 .98 1 D.806 1.07



txperisent ¥ins “3=.

The abject of Wiz wxperiment wss o Jupliecste Nine ™17,
but t¢ uss 0.01 M buffer insteed of 0.1 ¥ buffer; 1.6., to study
the effect of lesasning the mumber of eltrste lons »resent.

The bigher fimsl pl velues zeke §% A3fficult to sompers this
experimont with Mine "i7, but the sotive part the oitrete ion
plays in such experinments se these is clewrly demonsir: ted.

The sbeolute smounts dissolved sre grest