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PhysioIogy. .- "E~'l)e1'imentat resem'dws V?I the analo[J?J between 
,woei/inri (imqibition) anel m./a:in,q." B,r .1. R, TÜ'l';t" (C::ommn­
llieal,ecl b~' Prof, C, A. P}l)KI~LlIAmNG). 

(COlnmuuicaled in lhe meeting of November 26, HJlO), 

A mong tlte ch~p(el's of Genentl Phyöiological CltemiFitl'j' tltere_ <"trc 
rew wlüclt invite io to fllrtllel' stud,)' :-;0 mllch as thnt Oll swcJlillg. 
Padl,r, bccnuöe sa little is kllOWJl and undersloocl as yel, ahoul lIJiö 

. p[wnOlllenon n.ll'eacl~' noticed in ancien L I imes, n.nd abo bectwsc Uw 
kllowledge of tbe 1<"1wS of :-.\Velling anel Ihe explanatioll of the illlui­
bition pl'ocess pl'o\'e (0 be of fll nc!n.lllon lal significn.llCO 1'01' phyöiology, 
plHll'macodxnamicH nnd pl'epal'nli\'c phy:-;iologicnl chemisir,)",_ _ 

Pal' pltysi%!/,'j, hecam;e tiJe pl'oloplasm nnd the cellnuclcu:i (whielt 
logetIJel' f01'm lhe im1lel'ial :-;llbsll'atIIJII wllÎch is the :ioat of life) arc 
built up of a sysielll of imbibing hodies n,nd intel'poselt li.quids, 
l\In,nr phenOmel1tL 01' lire al'c aSHocin,[ec1 with the ll1D1iOl1 of writer 
Cl'om Illose Holiel hodie:i 10 th~ SHl'I'onnding' lieptids (Ol' I'cyel'sedly) 
n.ncl bel ween those boclic~ IlInlnn.lly, Aml il Iw,H oflen heen tl'ied 10 

fLUl'ibnLe 10 tllOse wn.ier displaccments fL fun~lfLll1ental Hignificn.nce b;-' 
making Ihem Ihe ba~is of an explunn.lion of thoso 1)\'oc08&e8 or lire, 
So fol' illstancc, in the rlleor'y of the ll1uscnln,l' eOfltl'aelion of ENGgT,­

)IA!\N I), who, gnidecl tI} ext clldeel 1iIo1'Ji/wlo!JiciI/ l'e8en.l'che~ n.s 10 t be 
dw,nges in Ille conlmding 1ll11"clc, htl,s t!'ied 10 clelll0l1H11'atc thai tlw 
tl'unsfOl'll1n.loL' by wllich the chcmicn.1 encl'gy of [he lIlcln.iJolj:;11I in 
lhe Illll:-icle is cOIl\'cl'ted inlo meclmnical power, COl1:-.iHIH of n s,' &Iem 
of imbibing hodies und aets b,)' <.lispln.rement or \\"n.1e1' hetween these 
bodieH millnall,)', "DIII'illg the conl1'actiOJ1 the nllbol./'OPOIIS In,yel' :-;well:i 
owing LO illibillition of walel' w!llell il del'iveH from Ihe isolropolls 1n.yeL's 
witlJ ",hicl! iI eomes illio cOll[tl,d. gaeh nnisolropolls layel' i::" so 
fat' as l!te 11111&Cnlal' lihre cxtendH, pl'o\'idocl n.i /10111 siclcs wi[11 a 
In.,\'el' rl'OIl1 whiel! ii etW dl'nw wale]', JwhiclJ il can again rell1l'lI 
wl10n Iho eonll'netiOll rcases,"~) 

13,)' mOl.l,llH or lhiH lJ,)'pOlllC~i:; lIJaJl'y rncI:; wllieh fLl'll noticod Ï11 tbc 
CO 11 t me( iOIl of I ht' 1l11lSC Ic n.I'C cxplaincd qualitnt i \'01,)", allL! ENUI'lLMAM· 

llC'lllonsll'il,lecl Ir)' lIis well-1\11own violill SI!'ill~' pal.lcl'II t,,~l,1 tlre thcol',) 
cau also accolllll, 11101'0 Ol' less, fOI' Ille 1'01'111 of the liuc wlIielt 

1) Sl1l11l11rtrit:cc1 in lIis Cl'oon ian Lcctlll'C, Proc. Roy, SOl:, vol 57, p, 4 J 1,433, 

~) PI~KI~rA:rARlNli (,Tool'drachlen over ·W cefsellecr, p 3~8) lhus summal'Îses 
E.NGJ~L;\IAN.N'R viewb, 
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represents how ,the lengt b of a C'ontl'aet1Ilg muscle elepenels on the 
time, Blll this Ü, lio! enongh. The HllCeetlH with w bieb 'VER'I'HImr 
SALOMONbON, HOORWJW anti olltcJ's have becn ablc 10 repL'esent thc 
ClIl'Vetl cxperilllenlalI)' oUlained by fOL'lllnlae l'clatively sa simpIc, 
point::; to Ihe rae! Hun lhe t heor.", if l'ca,lIy salisfaetory, wiII IJI1vc 
to lead to similal' forJllnlac. But in ol'der to work Ollt the thcor.)' sa 
fal', it is necess:1l'y, howc\'cr to know Ihc qllantituti"c 1:1\\'s ot' 
swelling; La know all ",hal it dcpencIs wholhol' in a systom of 
illJhibing boelies lito ,"atOL' wilI, Ol' wilI lIOt, be displ:1cecl, ,wel 
n,ceol'eling to w hat fOI'l1l1Llae t he elifl'el'ont ]1l'OpeL'lios of a tlwelIing 
sllbsütJlec elcpend on lho degl'co of imuibilioll, 

PUI' lJ!umnacud!lJ),wnic$. A dl'l1g ahsol'iJed in Ihe LJlood, whell it 
bas been adminislel'ecl in slllall doses, frcquently affeets tbo rwwtjoH 
of 0110 Ol'gan only and ihis is cxplaillccl 11.'" tltltlUlllÏng thaI. :1 tllÜI­
stanC'c C:1ntleB ceteri.l' pCll'il.ms a morc dmstic ('hange in thc life pro­
ceSSC5 of an ol'gan when it Ü, pl'eHent in ,1 g'l'Catel' C'OJlcentmtioll alllI 
by lIto t~l,Ci, lhal di1lel'enl ol'gani-l abBOl'b vel'y different quantilieti of 
n drug frol1l the tlUJue i-lOllltioll (blooel 1'01' installce). Thitl Cl'ealeR a 
conncction bet ween elccli\'e action and l'ehtlive titrenglh oflhc imbibitioJl 
in different kindB of cell::; 1), ,,,hieh haR pl'ovecl frllitfnl as a 1V01'king' 
hypotheHiH. Of lalo real's a cOJlllllenccmenl ha~ been made !o work out 
IhiH theor)' al HO llUttlltÏlali\'ely. The elcgallt l'c~cat'ehes of 'V. S'l'H,\l'B 
on ihe acfion of v81'1111'illC' 011 lhe Aplpia heat'!. t1nQ tlte Ïlll11111l10-
chemieal theol'ies oj' AlU!lmNJCS lIla~· be eited a~ eXtLlnples. Til all 
IheBe ealClllalioui-l il iB atl'illJlled thai I he Bo-called di \'ÎBion rnl0 of 
NJmNS'l' (a Heqnel of VAN "I' HoJo'L·"s lnWH of dililie Holulions) itl a1:-;o 
avttilable fOl' lhe imhiliition of cIiHRol\'cd snbstallcei:> in H\Vclling bodies. 
Howevel' inlerc~lilJg amI pltwi-liblo l!Jeso applicatioJltl lila}' t1ppea!', j{ 

admit::; ilJ my opiniOJl of ~el'iolli-l cIoubt ",lwlhe!' ill all l!tcsc caHCH 
tltc la\Vt:. of dilulo ~Olll!iollB have hoen uHcd withilI Ihcir proper 
liJ1litR. 2

) lf Ihcy havo 1I0t, Ilte tLl'gulIlOJlt. wOlllcl, iJl ~Ollie ca::;ctl, HOt 
l'eHlo on a tllJili('iclI tI,'- lil'lll llusis, lIotWÏl hHland illg ittl ap]lal'Cll I Holiel il,\". 

'l'hitl dij'{iel~ll q IICBt ion eall all i," IIc all::' wCI'eel \V hCII a thOI'Ollgh 
kllowlcdgc of Cjllalltilttti\'e laws ctllt! ttll oxplanatioll Dj' tbc tnvelliJlg' 
prOCCHtl ii:i ob!ained. 

Pal' j)/'(3L}(lmtive plt.lf\·iolu!/ical eh.em istl '.1/. All polYi:iaceImrides nllcI 
nlbnminolls sllbs!nllces lllldcl'go swclling in watel' nllll it is grcatl,\' 
in conscquellcc or Ihis PI'OpCI'!," thaI. UlO chemislt,y of thesE' sllbstalH'CS 

1) Compal'e Il, J. r-LUmUHGI>R, De physische Rcheikunc1e en bare beteekenis voo I' 
de geneeskundige wetenschappen, 1901, pag, 7, 20, 

~) I wiJl I'efel' lo t!lis importanl CjueRlion in delail, laler. 
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is of sueh ,l peculiul' charadel', Tlle cl'itici!:>t11 of Ule 'methocls fol' 
the plll'ification of these substances, tbe C'huracteL'istics of theiL' pUl'Ît:r, 
t.he qllesiion whethel' lhe walet' eonlained ill imbibing cl',)'stals llla,)" 
\Je pul - at least in pad - 011 a pal' witll the wH,tel' of cI'ystal­
lisation of illol'ganic salts (as pl'etendecl by HOPl'l~ SJ~YLlm 1) a,nd othel'ö 
in the' case of ox,)'haemoglobin cl'ystals), the ql1estion whetheL' thc 
1II0Icclllal' weight of the imbibing snbstances ('all be detcL'll1inecl fL'Oll1 
the c1ecrea::;e of theil' water vapolll' pl'essul'e, anc! 80 man)' oUWL' 
q llesLions of thai kind, [tL'e pl'obIelllS w hieh the pbysiologicn.l ehemiöt 
I HLS, 80 to speak, Lo face daily, unt which eannot be tL'eatecl full,)' 
befol'e the quantüative laws of swelling, and a dne expltlnation of t.llc 
sn,me shall lmye been cliscovel'ccl. 

Bul L'elatively little bcing lmown of this mattel' at. thal timc, I 
luwe ueen enguged since the Sllll1mel' of 1904 llpon all extcW;l\'C 
l'e",pal'ch in ol'deL' to gei a bettel' insig'ht il1to these ljllantiiati ve laws 
anc! iheiI' cxplanatiol1, VeL',)' ::;oon, some l'emtu'lmble l'eglliarities anel 
nJw.logies were bl'ought to light. I Illought il deRil'able, howevel', uot 
lo pllbli::;h theKe l'esllltö be('ore tlle," lIad beell cOlIfirmeJ ",0 l'epealeclly 
th<tt they COllIe! noL be lookecl upon Uh beillg lllCL'cly aeciclenlal. 

In October :J 906 I lIad ronnd the anaIog,)' 110W l1ehcl'ibecl iu this liJ'bL 
[mGlication, anel commllllicaled the sum~ 10 my teachers Pl'ofs,l-1, 'V, 
BAKHUIS ROOImBOOl\l "1Il1 A, S:\ll'I'S, IJl tbis papel' 1 wiU give 0111." 

tt 11I'ie1:' allel llal'lÎal aCCOlini of tbe experiments eafriecl on!. FoJ' 
CXpel'illlOll tal details aud t he I iteml me 011 the sllbject t he ll1Ol'e ex tellded 
puulication whiclt wil! appeal' KhOl'tly, ShOldd be con~llited, 

Sltm't desCJ'iptiol1 of tlw pltenomena of swetlinfj, 

Be('o('e descl'ibing the l'eheUl'clws uu imbibition iL tlppeal'b to 1110 

deKimble to point on t, bL'ie(].", wh ieh pbenolllenon I luwe si lIllied , 
('('om ",hieh Kimilal', bilt ye!. el i/rel'ellL, phenomeml it 1l111::;!. l)e di::;till­
gni:-;lJed, anel in which substanC'es it is lllet ",Hh, 'l'hb Keemö to me 
pnl,ticulal'1,Y desimble beeauKc these J'acts are sOllIeLimes llientiollod 
in phJ'Kics nllel chclllisil'J' llllelel' allothel' llame, 

13." S1Ve1fil1.rJ Ol' ,:mb,bitioJl, jJowel, 2) t he bioloi-Çists uJlClel'stanel t.he 

1) Cl~, SOllÄl~lm's Texlbook ol' Physiology, I. p, 2011 (l89'3), 
2) Tllc majorily or invesliglllul's ullllei'slund by imbibitioll powcr lhc samc 

as swelling ]JOWCl', l{ErNlo; (HANS'l'ElN'S Botan, Abh, IV, p, 2 anel 3) dif1'crs 
['1'0111 L1tis vicl\'; his idcu or imbibilioll powcr illCludcs pOl'osily as weil, 1 do nol 
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pll'OPCl't,v bf Homc soliel HliusttlnCes, wltieh nndel' tbc mos! po\\"cl'fnl 
ll1icl'OscopC do not show \'isible pOI'e::;, 10 occillele JiCjlliel::; betwcen 
thoir sllltllles( ptlL'ticlcH, 1r they al'e e).amineel again aftel' tbc absarp­
tion of the liqnid ij, iK impossiblc 10 c1istinguish the sepn,i'ate particIe" 
of thc liCjl1id tlnd thc soliel sl1bsttlnce even when lIsing Ihe most 
powe1'1'nl lellseH, ' 

Dlll'ing this ahsol'ption of liql1id the smallesL ptll'tieIes of the solid 
body are separated from etlch othel' by the penetl'tlting molecules of 
wtllel', l~gl:Klm l!tlS c~Jleel this incl'ease of the elisttlllCe bet ween the 

\ 

ptll'ticlcs "he i//'GJ'erf,\'(J of d/sf/J'e/jmtiun of (he solicl snbstance, BeCtlllSe 
Ihosc pn,rticles get tl( a gl'eate!' disttlnce fl'om each olhel', The volume 
tlJl(I Jen~th meaSUl'ementH of lhe, soliel body slll1'er an increase 1); 
hencc the nmlle "swelling", At I he smne time t.he cohe8ioll betwrcll 
thc ptll'ticles of Ibe solid KllbstmlCe t1,ppem's to htlve much decretlsed ~), 

On lhe othe!' htlnd we mtl~· expeet (hal, t11el'e will exist a great 
tlfnnity betwcen Ibe IVtltel' allel 1110 r-.olid boel~ if this is ablc to 
OVCl'come lhe so powed'ul co11esiol1 of the solid sub8lance, This 
snspicion is confil'llled; elming Ihe swelling tl considerabie tlmounl 
of hetlt is liheratecl I) nnd tl11 il11]101'tm11 con!mction of volume (tlkes 
phce, in athel' wareIs, the \'olnme of the swo11en boely is conRiclernbly 
smtlllel' than 1 he SlI111 or the vol nme of 1 he soliel SIl bstmlce tlnd tlmt 
of the 1mbihecl wtllel', 

On dl'.' ing, 1 he Hwollen badies CtlU ttgaül pm'! with the liqnid 
absol'bed; if' 1 hiti takes pbce slowi.)' the homogeneity is reLtlilled, Tltc 
phenol11enon i:; - tlt, lctlst in tlie 111 tl in .- L'evel'sible, 

Same H\\Tellillg bodies, sucli <"ts C'asein, wood, etc, when plê;l,Ceel in 
conttlct wülJ satnmted Wtltel' vapolll' ausol'b only t1, limiteel qllantit.r 
of water tlncl a so-('allecl Il1tlx.inJllll1 of il11bibition is l'etlched (badies 
of Jimilecl imbibition power); otllcrs Blieb us gnm ara bic tlncl peptone 
Itlke up 'LIl unlill1itecl mnOllnt of Wtltel' ctlllsing illem to become mol'C 
tlnd more ilniel sa tlmt the~', fintllly, gei convel'ied into tl liquid 
l1lixtlll'e of' wtllel' tlnd imbibing SUus(tll1ce (bodies of lllllimited imbibition 
powel'), 

n.gl'CC \\'ilh ltilll, '['lte ahovc dellnilion is bOl'rowcd l'l'om Ho GO Dl~ V Rms, Leel'boek 
del' PlanlenphysiologÏC', 4c Ed, p, 14\:).150 flncl fl'om H, A, LORlIN1'Z, Leerboek 
uel' NnlllUl'kunde, 2e l~d" Vol. I, p, 411:), 

1) Sometimes vel'y considerably; peas doublc in size, hish moss l Chonc1ms 
cl'ispus) swells Lo ll'ehlc iLs size, (HuGO Dl': Vl~ms, loc, cil. 40 Ed, p, 150), 

2) HI:/NKlJ (Ioc, cil. p, 31) f'ollnc1 Llwl if ail'-rk)' Laminfll'ia absol'bs 300 Ofo of' 
wnlel' its c1ucLilily incl'ease& sixly fold while lhc bl'eaking ::<lraill fnlls ,to o11e-tenlh 
of' its vnllle, 

~l) Ir umylum lriLici, IlL'ierl uL -90o, is sLÏl'red wilh its OWll wcight of' wnlcl', lho 
temperatul'e l'iscs mOlle th11.n 10 1 (NÄGl\LT, Theol'ie del' Qiilll'llllg, (1879 p, 133-131.) 
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011 IlO ac~onnt lU1lSt illl hi bi I iOll be eOll rOllllllcd wi Ih tjle- pOl'oslly 
of some solie! snbslanecs slleh aH UL'i('ks, g,rpsn;n, alld ollle}'s w!J"ieh 
h)' snrfi.lce aelsOL'plion anel capilhwit.,- can ahsol'b liqnicls in 1Jisible 
jJ]'~lo1'lned ],ores. NXGI')LI 1) in j 8Q.8 alL'eady pointec1 onl the diJfercnce 
bet ween these two pl'opcrties. In 1 he pOl'OIlS absol'ption of water, lhe 
partic]es of 111e solicl body I.ll'e not fOl:cibly sepamlec!; Iherc is no 
incl'case of di:;gmtion, lhcl'efol'c no incl'ease in size anel no ]OSS 01' 
cohesion. 'l'ypical imbibi1,ion is, Ihel'efol'e, HhaL'pl~' clis1.ingnished ft'om 
typical pOI'osity. 

It, is pl'incipall.,· among lhe pL'oclucts dCl'ivecl fl'om living organisll1s 
thaI. the imbibi1.ion pO\Vel' is often, in fi.1Ct. almost reglllarly, mei with, 
Nol only neady all RllCh snbslances (ceIlItlal' walls, filwes, nOll1', 
wood, whalebone, lealhel', hal']}, etc.) possess swelling powe1' hlLllhc 
p1ll'e physiologico-chemical COll1ponnc!s c!erivecl Ihel'efl'om appeal' to 
posRess these properties also. 
_ Yet, the imbibitioll pmvet' is not limitecl excillsively la snbslanccs 
of "ilal origin. It. is also obset'vecl in syntlletically pl'epal'ecl anc! ill 
inol'ganic sllhslances; a,s insla,nces, I cile ('opper fel'L'ol'ya,nidc, ('hlY, 
Il'icalcinm pbosphate, anc! silicie I.lcicl. 

'fbe solicl snbsta,nces capable of imbibing water 2) are amOl'phOllS, 
cl'ystalline, Ol' ol'ganisecl. 'file nwjoL'ity is amOl'phollS that. is la sa,y, 
possesses no visible I'egnla,t, aLTa,ngement of pal'1icles :I). 

1) Die Stärkekörnet', ZÜt'ich, 1". SCHUL1'lIESS, 1858, p. 332, 34·3. 
2) Substances arc known whidt absÓl'b liquids ollier lhan walcl'; caoutchouc, 

('Ol' inslance, imbibes elher, oil, pyridiu, :md even liquid carbon dioxide; nilt'o­
cellulose swells in alcohol·ether mixtures and in nitt'oglycerol lt is possible that 
the imbibitioJl laws in some of lhese orgaJlic liquids are morEl simplc Ihan in l!Je 
case of waler because this is parlly ussociated to complex molecules (pel'haps 
H j02) aOlI because lhe associalion degree of tbc imbibecl water must nccessarily 

'aller. For physiological purposes lhe behavioUl' wilh wa lei' is, for the mOt'!!enl, Ule 
most important matter anel lherefol'e, 1 will limit myself lo lhis. 

On the imbibition in aqueons solutions of salts, wller('on HOFAIElSTEH, SPIRa, 
PAULI, "vVo OSTWAW, H, I~ISCHER among olliers have made inleresling expel'Ïmenls, 
1 wil! deal when I have dweIL 011 lhe imbibition power in pure watCl'. I 

'I) In pmcli;e il is somclimes diJlicult to deciele wltethet· au imbibing subslallce 
is amürphous Ot' cr)'slalline. For, lhc C'xlernal farm of a lypical ct'ystal, wilJt its 
J'eglllat' Jimitalion by flal pJanes, may bI:' wanling wit hout the slIbslanee ceasing 
10 be cryslalline. On lhe' oUter hanll [lil amorphous slVelling body may, owing 10 
1(,\1sions on dl'ying, exhibit oplica! phenomella which remil1l1 one slrongly 0[' lh088 
IJy a Cl'yslalline subslunce (compare lhe experimenls or AMBRONN, Bel'. del' snchs. 
(icselIseh. d. \Viss, 18!H p. 34tl;. Tbc mere presence or anisolropisll1 is, lhcrefol'e, 
nol in lhe lenst sllJ1lcient la prove a subslance to be ct'}'sLalline. Sa long as cl'Yslnl­
logl':l.phy does nol lht'oW mOl'e light on Ibis obscure queslion, I Ihink il best lo 
look 0\1 imhibîng sllbr:;lance us amol'phous: llnless lhere is sullicielll:' evillence to 
eaU il cl'yslalJine Ol' or~anised, 
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thc exi::;tence or s/lJe1/ilil/ cr//slals is in J1ly o]111l1on one of tilé 
Illost l'ellHtl'kable facts ",hielt luwe become known in t!Je st nel,)' or 
t he i 111 hihit ion phenomena, H is C'eL'lain Iy vel'~' sll'iking lhal a lypieaL 
cl',)'staL wilh its chal'adel'istic optical pllenomena and cOl'l'esponeling 
eleavitgp, planes can imhihe walel' withollt 10SR of ils cl''yslal nfl,~l\l'e 

fl,nrl its h0111 ogeneily, Bul it cl'eales still mOl'e slll'pl'ise 10 nolice thaL 
(dl known eryslals or polysacclmJ'ic1es Ol' albnmino1l8 'hoelies undet'go 
swelling in wat el'. Tt doeh nol seem easy 10 explain how a C'l',ystal 
call swell while pl'csel'ving ils cl'ystal nallll'e. Bul 110 Iheor,)' 01 

imhihition ean be calleel sMisfaelolT lInles8 il call f'llll.r accounl ('Ol' 
t his fac!. The swelling cl'ystals appeal' 10 me Ihe tonchslone of t he 
imhihilion !heories. 

Next. to Ihe amOl'pltolIs anel the cl'.)'slalline s\\'elling hodies, ol'ganiC' 
natlu'e yields qllite tl, series of' pl'ochlcts snclt as starch gl:anllles, 1)[l,l'k 
fibl'es, wooel)' fihl'es etc, ",hielt pOKKess no cl'plal fmm, bllt instead, 
an [tl'l'angell1enL of pal'lieles wilh cOlTesponeling oplil'al phenOll1Clut 
anti t'leavage pltt,nes 1). Some illvesligalol's have feIL inclined 10 look 
npon these so-calJecl ül'ganised bodies ~) aK cl'.,·slals witlt atypic limi­
t al ion phtneK; ol hel'K aK UlllOl'phoWi snhKlances wherein lensions oeem'. 
Ncilhel' of IItese Iwo icleas Keems 10 me c!llile satisfactol''y, Anel, ])1'ovi­
siollall.r, 1 ihink llte hest Ihing iK to look IIpon lbc Ol'ganisecl maitel'S 
as a f.cpaf'[tte gl'OlIp, heing mOl'e Ol' ]ehs 11 lI1eclilI\11 hehveen thc 
amol'pho\ls anel et'.)'sinlline sllbslan('es ~). 

Tlte fttcl t !tnt n eel'!nill analogy exists belween I he l)1'oceHses or 
swclling anti mixing had been all'mt,c1y obsel','ec1 hy IhRrL'IIOLT,f~rL' in 
Jt303. ]\1 his "Essni de Statiquc Cltimique" !te cxplains both ]11'0-

('csses hy tbc sall1e llleehnnism 1), The pltpiologisls who IllWC wOl'kecl 
in the thil'cl lj lHu'l cr of tlte ninoteollth ('enllll'y on the subject of' 
swelling - I anI." Il1cn ti 011 , CA[{], Luumu, NXcmLI, RmNl\E - also 
show in theil' pnblicaiions in vfil'ious pbees Ihal Ihey have nOlieoel 
the exisiellce of Hwi finalog.", 

1) lllusll'alions arc given iJl errc!t tesl-book ot' bolany. 

~) Amongsl thc ol'ganiscd boelies musl also bc reckoned thc rrrisott·opous laycrs 
or gmined J1lusclcs. 

:\) Whclhcl' il is 11101'C in pnrlicular nillongst thc ol'ganiscrl ba dies Ihal Ihc much 
lookccl fOI' conlinllily bclwccll amol'photls and cl'y~lnllinc aggl'egalion condilion 
is pCl'hnps lo hc fonncl, is a queslion which 1 CfUl o]]ly jll'opound, bnt not allSWel', 
cr., also l!tc fnels l1l~nliol1cd by W, PI'~;Fl"lm, Pl1ml/t:nphysiologic I, p. 60-70, 

4) Compare Vol. 1', p, 34 and 38, 
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"Til unlel' fo get a deal' idea uI' thu <lIJldugy UHe sholild imugine tt 
spaee COIl taillillg watel' vnpolll' ill w hieh nl'e pineed neal' et\eh olhel' 
agiobul[\,!' shapecl imbibing snbsfance (fol' insfance fL pioee of shal'ply 
cll'ied gelatin Ol' gum arabic) nn~l a eh'op of a liqniel which is not 
I'eadily volaLile bnf, easily mixes with wafeL' (for inskmce slllphuric 
arid Ol' glycel'ill), Both now appem' to be lIyg['oseopic, botb absol'b 
watel' without 10ss of homogencity ; bofh incl'ease 7:n size becanse 
1.110 volmne of the mixtlll'e Ilike fhaf of the s\YoIIen substance is, 
appl'oxirnately, ac1cliti ve anel becallse I he Sll bstance l'eLUaius homo­
geneons d1ll'ing the water ahsol'ption. By thifi clilation ,vithout loss 
of homogeneity 1) f he pal'ficles of tho sweIIing body, like those of 
the sulphl1l'ic acid, Ol' gl)'('el'il1 gef flll'1ltel' l'emovecl fwm each ot hel' ; 
in bofh the disgregatiOlI, as H.l<;INKE calls if, of these particles incl'eases. 
If fhe two pbenomena are compn,l'er! 1I10['C closely, it appeal's in both 
cases tbat the water n,bsorption is a(,coll1panieel by a consic!erablc 
cvolu ti on of heat anc! <1, c1ecided conf n1l'tion of vol Il me. There is on Iy 
0110 point of difference bet ween the f wo phenoll1ona; the swelling 
hody possesses fhe solid aggregn,tioll condilion anel ['etains the same 
dlll'ing the absorption of file wafel' whereas the mis('ible snhsfaneo 
is liq Il iel anel. l'emains liq niel. 

This gult' is, howe\'el', 11101'e Ol' less hridged ovel' by whal is 
observed in the substances with ludill1itocl imbibitiall powel'. H, fol' 
ins/ance, powc1ered gnm arahic is allowccl 10 take up 111oistl11'o, iI 
begins to cake when :30 11

/ 0 of wat el' !las ueon absorbecl, with 40 (J/II 

it forms a plastic mass, wilIL GO 11/0 it is still solid but. soft. alllf 
when 110 11

/ 0 has been absol'bed a wntory so[ntÏon of glLm al'nbic is 
outained which becomes less viseons on f'm'ther clilntion, Ovonlbumin, 
peptone aml clextl'in belIave in tlle same mannel', Here we see how 
typical swelIing snbstances ,ql'llcZ,trrlZ1/ become aqneolls mixtlll'es, owing 
to watel' absol'plion, The two phoIlolllena, tllel'ofo1'e, nol on I.)" l'e::;emblo 
each otllel', bILt mnst be inclced closol." l'elntecl. Ol' pel'imps ev01l 
identical? 

The oldel' investigatol's have not cIa,red to asselll to tile iclenlify, 

1) Ono mighl pOl'llUpS object lhal the aqucous solulion of gum nl'l1bio sa fOl'llleel 
is not n reul but u colloidnl solution, In lhf' cnso of subslanccs snch ns gum 
nrabic, dextL'Îll, nnel peplone, lho eliITel'elwe belw03cn l'eal nnel colloielnl solulioll is 
bnL VCl'y folighl. Thut Lhis ohjectioll is not of gl'eaL impol'laucc is 5hown by lhe 
facL thnL solntiolls of substallccs dcvoid of colJoidal propol'ties snch as fl'llctoso 
(",hich ha!' a Jo\\" 11101ecnlnr wcighl nnel posse~ses llormnl \'alnes 1'01' lhe 10\Vol'ing 
of tllO f't'CCZillg point nnt! the oJevation of tlle boiling poinl) :u'e 3.1<;0 gmdllally 
cOJlvel'tctl on rli'ying (if cl'yslallisalion is [ll'cvented) inlo n soJid snbsLancc 11llving 
all tllO !)I'o!wl'lies of a swclling 8ubstunco, Tho sollium salt of g!yccl'ol-phosphol'ic 
acid behavcs similal'ly, :: . ' 
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nlilluilgb Ibey Jlolil'cd _phtiJ11)' Ihe ('Ioso ['claliolli-lbip, RI':tNl\l~, wllo iJl 
1879 di::.eu:-;scd 1) Illc ttlmlogy alill Ub::'Cl'\'Cel i I llIore ke'JJlly t,lmll all)" 

onc bcf01'C lJilll, evidelltl)' slill Ilesitn.ted - as iJl r1.1d aJl Ilis COII­
tcmpOl'al'ies would have done - 10 a,SRllllle Ilw,t 1I1Îsci!Jility shoLlld 
cxist in tlle salid condilion, 

But the development. of pll)'sic1.1,l cllellJistl'y in Illc Ia.st Iwenly-five 
yenl's has l'cmovcd Ihis dilliclllty, In 1890 VAN ',1' ]-[0]0'1,' pnblished !lis 
eelebmlecl iheory of the solicl solillions, ",hiell shows 'that miscibility 
cxists ill Ihe soHel condilion jllf>1 as weIl as in lbc liqllid state, allel 
the cases have beeome nlmosl innllmera,ble where Ihis miscibility 
has becn act.nall.'· ol)sel'\'cd. ln cOllseqllence, the c1il'ficnlt)' of tllB 
oldel' wl'ilcrs has boon l'cllloved anc! lIOW, 1 ask, whaf can slill 
preveIlt ns ft'om assnming Iha.t swel1ing means mixing ~), in other 
words that. /IJ!tm ft golir! .mhslrmce s/I)l!lls in 1/)uter, tlûs depe17d.'f on 
t/1iJ fOl'mation of a sa lid ,,(llu/ion of 1001(3)' in t!te imbibin,9 body 3), 

Of gl'eal. significance 10 Ille problem of imbliJitioll, seems to 
me to bc 'l'AlIIlIIANN'S idea 4) that amol'phons solie! slIbsianees are in 
many cases notlJing bllt liqnids of vel',)' gl'eat viscosity, 'l'AilD[ANN 

showed I !tnl. all possible I iq n ids, ij' tlle,' al'e coolcd j'a.piclly enonglt 
10 pl'cvont c1'ystallisalion, becoIne ,!jmdaalLy more t\l1d more viscoqs 
and <l.I'e conv01'ted, withont any cliscontinllity, into solicl amOl'phons 
boclies; known insla.nces of t !tis are ginss, ca.ne-snga1', glycel'in, 
T!ti:-; view, alRo wa1'mly dofendecl hy BAKlIUIS 1l007,IWOOilf nnd 0, 
LlmilIANN, Ih1'o\\':-; a l'emn.l'1mble light on Ilte fa.ct tha.I. Ihc t'nh­
:,tanceH of nnlimitcd imllillilion pO"·OI' (,,·hielt n1'C uil a.mol'phons), 
whell a.llsol'bing ,,·niet', m'o conYet'tClI cOlllinuonsly iulo a.tlneous 
:"olnlions. II leads ns t~· Ibe hypolhesi:, thaI. amol'j,lwlls swelli17f) bodies 
((1'1] su1Jstrfnces of sa ,(/renl rt u'iscosit!l t!tat t!tey ]Jmcticall.'l pOSseS8 tlw 
snlid 0ilYl'ef)rrtirln condition, but Iw.ve still I'ettlined tlteil' miscibilit/I 
Wa/i watel', 

If I.!ti:-; h.'"pOihcsiH i:-; con'ecf the Rwelling of a piecc of gelaLÏIl H,nd 
thc walel' n.IJRol'ptioll of :-;nch Iiqnicls a.H HlIlphnl'ic acid a.llCl glycel'ill 

IJ Loc, cit. p, 123-128, 
2) Tile ~ slIbslallees of limited imbibilion powel' \Yould lhen be aualogous la 

LllOse of' limilcJ miscibiliLy, lhose of unlillliLed imbibition power lo those of uno 
limiled miscibilily, Limiled anel lllllimileLl miscibrlity are nol di/rerenl pl'Operlies; 
in subslanees wilh a critical mixing poinl bolh pass il1lo eacll olILer at a change 
0[' lemperalure, 

3) SimiJal' hypotheses have been propounded repealerlly by physico·chell1isls. 
BuL Lhey have noL wod,ed oul tbis snpposilioll an)' f'ul'lher, lo ascel'lain whethel' 
il ~all he us cd as a working IIypolliesis in Lhe illvesligalioll of' lhe qUlllllilalive 
law~ 0[' lhe imbibiLion powel', 

ol) Oompal'e Zeitschr, f, pllysibJ. 0I1el11.,25, p, 469-479, 
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will IlOL 0111," agl'oc ljllalitali\'el,r hut the qurtntilrtftIJe 7m()s oft/te Lwo 
p/wll(jmella wilt Lil'ubabL/I be t/te .wnne. 

E1JjJeri1J1rmtrt! 'J'esem'c/i, ftS 10 t!te~{fnrdo.lj/J in t!te qltrtntt:lafive 

l'l1lJS of fhl' tl"O lJ!te77IJmenrt. 

Whatovol' vaillo ono likeH 10 altaeh 10 tho tlleol'," of illlbibitioll 
aclvallC'oel, il leaelH in n,II," cnHO 10 n lltcHi:-. ",hieh cnn hc cOllll'ollecl 
oxpel'imontnlly. l~ I !tnve, 1110I'e1'01'0, illRlilllted n cOlllpnmti\'o l'eHem'ch 
ns to 010 qunnlilative b,\\-H of imbihitioll in a 1111111hol' of amOl'phOllH 
H\\'ollillg' boelies nne! aH 10 lhe lIliHcihility ill a ll11l11hol' of -compamble 
miHeihlo Ruh:-.lallceR; nH :-.ucl! I l!nvo choReIl lhl'oe liqllids, \\'hieh lijm 
imbibillg hoclioH are pl'aetienlly 110I1-volntile aml cnn like theRe ab::;ol'b 
laL'ge quantitieH of \Val Ol', LHtmel? snlplltl1'Îc arid, gJ.reel'in anel ortho­
phoRphodc ncid. 

In 1h~ eaHe of n llumber of amOl'phOUH :-.wollillg HuhRLanceH, I 
dotomlÎllocl, oxpol'imell(aJl,r, tbo lllHl,lItitative l'eJation::; aecol'Cling 10 

",bieh the heat of ill1hihition, the \\'ntm' \'[1,pOlll' plW:SUl'O allel (ho 
vol Ilmo con Lraetion dODond on tlIe <legl'oe of imhihi tion; t he re::;lll ts 
obtained were repl'esentecl gmphieall,'-' In a rel\" cnsos I ('ollId 1I1nko 
use of mea~ml'emOlltH ox.oelltod IJ,)' othel' inve::;tigntol·H. 

Aftel'wnl'cls, I clicl tbe samo ,yith tbc till'eo miseihle liqnic\s. Fot' 
tho greniGl' pnrt, T eonlel mako IlHO llf'l'o of lllenS1ll'ements all'eacly 
cal'l'iecl out b." pl'eViOllfi illvestigatol's 1'01' other pl1l'pot::es. Bnt tho 
,,-aLe I' vapoUI' pl'essul'es of glycol'in- anel phof,phori(' acicl-mixtmos 
had to be üctel'llIined h,r ll1,)'sclf ancl the heaL genel'atocl on mixing 
glyeel'in nncl water ,ynH Jl1on.s1l1'ed ill a HOl'ioH of expel'imonts caL'l'iocl 
out jointly b)' ll1yself a/nd MI' .. 1. .L P. VALwroN, 

Whell ehoosing t he swelling s1l1mt allces illVO::;t iga,ted, L luwe heen 
cUl'eful to avoicl llnnecessnlT cOl11plieations. FOI' insta,nce, t::ueh sllb-
5tnl1CeS as nm.r]1l1l1 ill which htyel's dell in 1l10i&tl1l'c Oeelll' nlLel'Jlatel.r 
wiih layel's pOOl' iJl nlOist1ll'e clo not seem to me Hllitahle [Ol' lhe 
resenl'ch; 1'01' each of thebe la,yers luts a dillel'ent illlbillition powel' 
anc! the phenomenon ohsel'vecl is comj)osecl or t.hc SlIlIl of l1I11Uel'OUS 

elelllentnl'y phenomen.:t Y\lllich ohey diflel'ent laws, Af01'tio7'i inkicnte 
pl'odncts snch as peas Ol' Lnminal'in in ",hieh nll kinds or elements 
ns cell \ValIs, cell l11lcloi, slmcll gm1llIles ete. al'e ndjnccnt 10 each 
ot hel' nl'e q !lito 011 t of t he ti lIeslion. I havo also nvoicled using sub-

1) Expcrimenls of BÜ'l'SGHLI, VAN BEMMELeN umollg olhers suggesL lhal in some 
swclling subslunces Lhere may be complicuLions, so thaL lhe water ubsorpLion is 
not only due to swelling, bul partly to capillul'ily (in pt'cformcd porcs), In sucl! 
cases we mighL expect lo. nlld dill'ercnt quanlilalive l~ws, , 
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&(,L1lt'llK ~lIdl as J'I'c~ltly [1l'ceipila(ed bilitic acid, Ol' llletallic ll,)'dl'oxides 
WI1e1'0[1\ pl'ollttllly slow chemical elm,l1g0.S la,ke pltlce. l,'ol' illslallce 
Ihe hilie c11pl'i(' hydl'oxide when ill ('olliael willt waler gmdnally 
changes 10 Ihe blnek oxide - ~ slowI.)' al lhe tempel'almè of Ihe rOOIll, 
l'npidly at lhe hotling beat; llte [ll'own fen'ic Itydwxidc 1111'I1S red, 
t{lnnnie aeid pass eb inlo mclaslannie acid and ililieie aricI l'eq11il'es an 
incl'easing' amonnl. of pola&silllll hyclJ'oxide 10 I'cclissolve. Forlunalel,)' 
in Ihe eat{e of alhnminOllS slIhslallees alld polysacchal'ides (of whieh 
Ihe hiologieally imporlant sl1hslanees l1IOsII.r cOIl&isl) ~mch complicalions 
cIo not seem 10 oe('11 I' ; sponlancolls pcplonistllion, ",bich might ocelll' 
10 Ihc minel, does nol proeeed (allIte Icmpel'alnl'e of Ihc room, and 
",hib,l posKesKing a nelliml l'eae!ioll) will! appl'ceiahlc veIoeii,)'. In 
lhose eases ",hem I have exlendecllll,)' reseal'ehes 10 melallic hydroxides 
ele. 1 have pl'ovisionall.r, confined ll1)'self 10 suhslanees whieh LIJ 

agejng [tl'lificiall.r - prolongecl healing llJlder water -- had becn 
fl'eeel as ft1l' as possihle fL'om lhiR eompliealioll. To make quilc smc, 
Ihe Kamples of Ihe olhel' sllhsltlllees leKled WCl'e al leasl one yeal' old. l

) 

((. /fwtt (~f i1)lbibitio17 wui !teat of mi,?:I:lIfJ. 

The quanlity of heal (IV) was deleL'mined (ill gmm ealol'jes) genc­
mLed when onc gmm of lh'iet! snbstanee~) la l~es lip i gl'lun of walel'; 
this lluantity I will ca1l the imhibitioll heat at (he imbibition degl'ec i~). 
The snbstanee was put inlo a gIass tube (Wed wilh an india rubbel' 
Klopper whielt \mK then pIneed in tI, calol'imelcl' fiIIecI wilh walCl' 
uIlti! thet'e was an equilibl'ium of heat. By smashi.ng the bottom of thc 

I) All the subslallccs wel'C invesligalcd in lhe powllcred comlilion; check ex­
pel'Ïrnenls had shown thal lhe walet' adsol'lllion al the surface of the gl'ains of 
I he powder w,u, so small lhaL no lIinr1l"çll1ee lo speak of occlll'l"ec1. 

~) The name "dl'y suhslance" is somcwhal vague. 1 èhosc as snch lhe sllLslancc 
dl'iecl al 1100 in vacua over slliphul'ic aciel. in lhis miUlllel' all lhe difTel'clll sl1h­
slances have heen oblained as ll1tlch as pOl>sible in a eompal'able cOl1l1itioll. 

Tlle snhstallces wiLh lhe lowest walel' eontCill \\"ith ",hieh 1 have c!ll"l"ied out 
ll1easlll'emenls wel'e lhos~ lh'ic;>L! OVC[' sull'hul'ic acid al lhe lempel'alul'e of llie 
)"00111; lhe values fol' lhe "dey" subslanee wel'e oblained h)' cxll'apolation. In lhe 
case ol a few sllbstanees which Cntlllol he heuled lo 110° wilhoul decomposilion 
1 ha vc dclel'!11illed lbc walel' by dl'ying in vacuo OveL' slllplull'ic acid al the lempc­
mlme of lhe l'oom; lhis is llien menliollpd srpamlely. HODCWALD :mcl hii; (lllpils 
KA'l"relN nnd VOLI3EUn applied tliis melltod of walel' Ilelcl'minalion lo all suhslances 
l!ic;>y invesligaled. 'rite l'csulls ol lhe lwo mclllllrls I1s11all~' dill'pl' lh 10 1 0/

0, 

:1) Tbc imbihilioll (lcgl'cc i lhcl'efore is L1LC l1ulllbcl' or gr'ums or waler i ahsorhed 
by one grlllll of dry subslunce. 
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LIllIc Ol' hy pC)lIl'ÎlIg OVCI' llte eontent of' il tltc Huhslatlcc was bl'Ollgltt 
iJltu eUlllad willl tlto waler aml tltc l'iHC jJl IClllpOI'U,I,III'C I,ettd_ofl', 

TIJe forlll of tltc Cl\l'VC illdiCtttillg ho,," I V depcllCls on i Itas oeen 
detel'mined with sh snbstances, of _which I only C'ommnnicale those 
of cellulose (ash-fl'ee (i Il el's of Scm.mcIII<:Jt & SCfIt'tU) nncl case in (lJll1', 
H01<]cIlS'l'Ji'R FARmrERK11])1), Of lhe ClIl'ves Pllblished I>y othel' inveHtigatol's, 
only lltose of ROJ)]i]WAI.D nud IC\.'l''l'II:tK fOl' !l7'tijieiall/1 'jJ)'ejJ({,red ;~tal'ch 
gl'l1nllles") anel of VOLIH!I1R fol' jJl'ejJllI'ed wood.'! jibl'es :1) (as in thc 
clelel'flIinu,tlon of cJ'\lde fibl'c) sccm 10 me lil for compu,l'iS011 wHIt 
liqnicls Tlte olltel' ::;ubslmlces iJlYcslignlceI h,r ]tODI<:"'AW anel KA'I"l'IUK 

were specicH of' nmylnm which, owing 10 thcil' stl'ntii'ol'flI stl'l1ctmc, 
form mme intricnte objects; hul t.horc nlHo cl1l;ves were fOlll1d whiclt 
in 1'01'111 ngl'ee completely with those of n,l'tilleinl ::.tnl'ch gl'nllllies ~), 

On the nnnexecl illustmtio11 tlte cm'ves of these foul' snb::;tnl1ces, 
cnreflllly cll'n,W11 10 scnle, fit'e 13ho\V11, All fom Illu,\.;:e thc impl'e::;sion 
of n hypet'boln; lhi::; iH pnl'ticlllu,d)' stl'ikillg in lhe cnse of celllliosc 
an cl cnsein 5), 

In the cn~o of lhe other 1,\\"0 curves and the celllllo::;e 1 IHWC 

questionecl \Vhet,her they m[\,)', ineleed, be l'cpl'eSenled by tilc fonnnia 
of the hyperbola 

Ai 
lV=-­

B+i 

'rhe l:inbjoinecl Ia,bles show tlmt Ilte agl'Ccmellt iH satisfil.ctol')" ri), 

1) I beg to of1'er my sincere thanks to lhe direcLol's of L1lO Hoechslm' l~t1l'bwel'ke 
vorm. MEIsnm, LUCIUS anti BniiNING fol' kinuiy placing al my disposal lhe casein 
l'equil'ed 1'01' these expel'Ïmellls, 

~) Zeitschl'. f. physikal. Chem, 33, p, 5Sl. 
3) Unlel'suchungen liber die Quellung der Holzfaser, 111augural·Dissertatiol1, Kiel 

(18Çj6) p, 32, VOLBEHH had also observed that the line detel'mined by him had 
lhe character of a hyperbola. 

") Amylul11 solubile (MERCK) is, fol' l'eaSOllS to be stal cd afLerwards, not fit lo 
he compared wilÏ1 liquids; for lhe 1'esl il pJ'esellls a linc of lhe same fOl'm. 

ü) In lhe case of the otller fOUL' sllbstatlces which I have investigrtted, lines wore 
3.1so ohtained which make Lhe impl'c~sion or llypcrhohs, 

ti) The devialiolls al'e /lol l1111ch gl'ealer lhan tlw pl'esLÏmable expeJ'imenlal el'l'ors, 
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HEAT OF IMBIBITION OF CELLULOSE. HEAT OF IMBIBITION OF ARTIFICIAL 

A = 1I.U B=0.030 

i W W .1). 

ST ARCH GRANULES. 
dry = dried in vacua over 5ulphuric acid 

at tlle temperature of tlle room. 
A=40.05 B=0.'148 'E1).2=L33 

determin. calculated. 
I W W 

O.- 0.-

U.OH 3.n 

U.U41 U.9 

0.051. 7 U 

0.07-1. D.O 

O.:Wl 10.5 
I 

l 

I determin. calculated. 
O.-

:~. 7 + 0 2 0.-
I 
I O.-

G.7 - 0.2 0.0136 4.1 

7 5 - 0.1 0.0230 0.8 

g.3 - 0.7 0.0347 8.4 

10.-1 - 0.'1 
I i 

0.0424 '10.4 

0.0349 12.2 

0.OU70 18.3 

0.'1218 21.0 

0.1710 25.3 

0.2403 29.5 

0.3135 32.0 

0.3811 32.8 
I 

HEAT UF IMBIBITION OF WOODY FIBRES. 
(determinatioll of crude fibre). 

A = 23.62 B = 0.0895 'E I). ~ = 0 .. 19 

i W 
determin. 

O.- O.-

0.0370 U.7 

0.0097 10.:1 

0.002<1 H 9 

0.-1269 14.0 

0.152~) 15.0 

0.-1742 '15.7 

0.100-1. 16.2 

0.2160 16.5 
I 

----
W 

calculated 

-

0.-

6.U 

10.3 

'12.0 

'13.8 

H.O 

'15.U 

Hi.2 

'16.7 
I 

I). 

+ 0. 2 

- O. 2 

+ 0.-

+ O. 2 

+0. 

+ 0.-

+ O. 

+ O. 

o 
2 

O.-

3.9 

U.-1 

8.D 

10.-1 

12.ü 

18.-1 

21.1 

25.0 

28.0 

31.7 

2:.1.2 

I). 

I 
O.U 

I 

- 0.2 

- 9.4 

+ O.n 

+ 0.0 

+0.-1 

+ 0.1 

+0.1 

- 0.:3 

- 0.6 

- 0.3 

+ 0.4 
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On the $ame iJl ustration are show11 the curves of the heats of 
mixing' rOl' slllph1lI'ic acid, glycel'in, ullll ol'thopllOsphol'ic acid (hel'c 
agaill Llte hen,t of mixing 1 V l'epl'esents j he II u 111 bel' or gl'alll ctllol'ieH 
genemtecl whell one gmm or dl')~ snb5tance takes up i gmlll or 
walel'. They- exhibit a i:itrong rei:icmbJance to thc clll"ves of tIJe hent 
of i III bibitioll. 

The two su bjoined lubJes pl'OVC inclcccl tlH'!,l j,he,r ma)' ue fcpre­
selltecl by a hypel'boh 

HEAT OF MIXING OF SULPI-:lURIC ACID 
AND WATER. 

(THOMSEN). 
A = 182.10 B = 0.3303 L 6 2 = 1.0U 

i W I w D. 
determil1. I ca1cuI~ted 

-

I 

I I 0.-· 
I 

O.- O.-

"I +0.03 u .1837 5j.04. 05.07 

0.3574 00.02 95.88 -0.14 

o 5311 113.55 113 85 +0.31 

0.9185 133.55 '13:\.93 +0.28 

11.053 I 
152 4j '151.78 -0.57 

13 ·1!'lO I 105.71 lGO.34. 1+0
.
00 

I 

HEAT OF MIXING OF GL YCERIN 
AND WATER. 

A= 16.40 B=0.81 ~6~=0.51. 

i W calcu~at'd I D. 
determill. 

O.- O.- 0.- -
0.1800 3.3 

3 ° - 0.3 

o 3508 5.1 5.0 - 0.1 

0.009 5 9 7.0 +0,1 

1.234. 9.8 0.9 +0.1 

1.788 11.2 11.3 + 0.0 

3.051 13.0 13.0 + 0.0 

0.170 14.2 '14.5 + 0.3 

9.252 14.9 15.1 + 0.2 

I 

12.32 I '15.3 15.4 + 0.1 I 

- 0.5\ 25.35 
\ 

15A 15.9 

IlJCleed, rrllOnlSON 1) was LibJe iJl 188:3 satisfactol'il,y to expl'ess his 
researchcs on sulphuric acid by mcalls or tllis empirical fOl'll1ula~); 

anel VAN DER VVAA1.S'i:i theol'y of mixLm'es let"dH (0 the ~mmc law. ~) 
As will be noticed tiJe annlogy bet ween jhe qnan(ilative hlWR or 

swelling [tncl miscibility is stl'ikillg incleec1. 

1) Thel'mochemische Untel'suClmngcll, Vol. 1II, p. 8. 
2) E. BOSE. (Physikal. Zeilschl'. 6, p. 548-553) also praises UlO beauli l'ul 

l'esulls which enablell TUOJ\[SON Lo repl'esenl his measuremenls of Ihe heal of mixing 
by Lhe ltypel'boJic fOl'lllula. 

:1) Conlinuilttl des gasföl'l11igen Llnd lHissigen Zuslundes, Vol. II, p. 45; as a 
matter ol' fact this dec1uetioll is made 1'01' nOll-ussocialing Suustullces only. 
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b, TfTllteJ' 7)(ljJOIII' jJJ'e,~SWJ'e, 

']ll (he caso of 1'Ol'[,' sweIIin~' :-.1I bSlttllt'eH, I ha vc delel'lllilJcd t ho 
<.'111'\'e (tccording Lo whieh the nqlleolls ntponl' pl'esslIt'e or 1110 HlvoJlen 
bod." clepe1J(1r:; on the c1egt'ee of imuibiLion, Tlm[ pt'CI:iSlll'e ha::.; ucell 
cxpl'eHsecl as fl'acLion (/1) of (he maximulll pressl1l'e of WiÜeL' v<tpom' 
ai tl;e same Lell1penlllll'e,l) Snelt a Ene wllieh is ehnL'êl,etel'Îstic fol' 
the lIlnnllel' in whielt the il1luibition walel' ië eonlainetl in a i;ubstuJlcc, 
1 ",ill eall tbe hyyl'olnetJ'ie linl; or i he swelling sllhslant'e, Tlte deler­
Jllillalions were C'111'1'iecl oul n,eeol'(ling 10 a JlIelhoel whiell ag'J'ees lil 

Ihc nw.in wilh Uw 0110 employee! by VAX B~DrMgLEN ~), 

Of eigl!! 01' theRe subslances, (he lil1e8, ng-ain c1l'l1wl1 eal'et'ully la 
senIe, are SilOWIl iJl tlte illllslmtion, I) TIte,)' aL'e ellsein, ce/{ulose,'gellllin 

(I he be"l l'oll1l1lCJ'eial, anet' being (ltol'ollgIJi,r washocl \Vi tlt water), }JelJtul/lj 

(tl,lllphopeptone l)l'epal'0d by DI', G, GHÜBT.ltHt accorc1illg to KÜllNg), pwn 
((}'abic (fillest eOl\1l1\el'cittl, iJl powdet'), se/'u/llolDwnin (Albllmin tUl::; Blul 
pIlri::;::;, 1\1et'ek, diül,rHed, Iillol'eel anc! lheJl evapol'[I,ted [l,t Uw tempe­
ralure of the l'OOlll), tl'Îe,flcilllll jJ/tDsp!trde (ealciuU1 phosphol'ieullI 
t1'ibasienm sicclI\l1 Mel'C'k) illlel lf1't/;jicilllly Ilgt>r1 siliele acid (acnmicl 
siliCl1\ll Mel'ek, bealeel fOl' htdf' il yeat' 11I1del' walel' at 80" C,), Tbo 
fil'st tlu'eo and /,lte Ins/, lwo have il limilecl imbibiLion powor, the 
('om'lh, fifth, ilml sixlh all unlimilod one; some of these sllbsti1llC'es 
[Jclong io Ihe illbl1JlJiJJOllS bodie::;, oLben; 10 Ihe polysaccltal'idcl:l, otltel'R 
ttgtl,in la l!Je inol'gallic cam po tl nel:;, All hongll I:ll1bstnneGs of tl, \'eIT 
dUfel'Cllt Imllll'e IWNe, Iltcl'el'ore, heen I1HOcl, illl lines nppem'ecl 10 

po:;sei:is (be RalllO 1'01'111 4
), \Vitlt ;o,ll1all degl'ecs of imbibilion tlteclll'vc 

1) This ([Holient altoLs bul '-OIY liWo all llle 1'[-0 Ol' 1,,11 ot' Llle tempcl'l1lmej il 
is, lherdol'e, :lth'anlageulls lu IJXIJt'C::'S Uw VapOlll' jJI'essu['o in lIlal maunCl', 

2) TIte dllfel'ellce ",ilh YAN I3EilDfBWN'f:, lJlel1IUd dJielly consisled in lhe fact Ihal 
,I same pOl'lion 01' the ~l1bstHllee did not pass sueeossively llll'ough llw diJTet'Cllt 
equilibria but that dilJ'cl'ellt porliolls of n same sl1bslance, aftm' tlle same preJimi­
nar)' lrealmelll (maxinmll1 dryillg Ol' dl'Pllellingl, eame eLlch siml1llancously in equi­
librium O\'Cl' anolller slliplilll'ic aeid <;olulioll '!'bis eOllsirlel'nbly shortens lhe time 
or llie experimenl:> olllOl'Ivisc sa lpdiolls, 

'l) A double ,1ITOW t on llte enl'l'o indicales (hal llw equilibrium was [tp]ll'oaehed 

trom two :;Îllos, a single alTOW t Ol' ~ Lllal iL wns loaehcd fl'Om one skie only 
nllli rl'Onl wh;eh onc, Clleek cxpcrimenls wil1l 1l1111101'OUS subslnnecs Imvo s1l0w1I 
Ihal Lhe ['Ollll or lho lines ohlainCLl is lho salTIe ",helbel' lhe one ur lhe ollLel 
1l1elliod iR rollowed nud lhal lho equilibria l'enclJeLI dift'Cl' bul lilLle quanlilalively, 

I) Apad, or COili'se, fl'om L1lis dillel'cnee tllal l\Je elll'vc rol' 11 = 1 terminale:, 
wil IJ subslancps of limiletl imbibiliun power in lilo imbibilion maximum, whl'l'oas 
wilh tl\ose or ImlimiLeu imbibiLion pOWCI', il 1.1kos an asympLolir COul'se, BIlI rol' 111e 
resl lhe lillCS or l!tese lwo ijroups cxllibil 11U dill'cl'encc, 
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begins to Illl'l1 ilA convex fricle downwm'cls, gets at tl gl'eate,' i cl 

poinl of illlleet.ioll alltl I heli I lIl'flS I he eoncave sidc dow Jl\vards, 
fOl'llling a Illorc Ol' less S-slJaped line. 

So gl'et\,( an ugrecmellt witll' eOl\~ponnds sa dilfel'elll ellemicully is 
somewhal smpl'ising ~). 

Appal'ently clilferenL fl'OIl! this m'e some of Lhe l'esults obtajl,led b," 
YAN BlmllmJ,EN. 'Vlten expel'ÏlIlelllillg will! sili('ie aciel fl'eshl)' pl'eeipi­
lalec1 hom solnble gla::;s by hydl'Ochlol'ic neiel nnd willt fen'ic hydrox­
ide l'e(~ent1." pl'eeipitn.ted by alkali fl'om /'el'l'ic rhlo!'ide he obhtincd 
liJles 1111lelt mOl'e complil.:ated, will! tbl'ee points of inJleclion, lf, Itowevel', 
,,-e exttll1iJle t.IJe curves wltic·1t he olltninecl f,'om oM silieie acid Ij 
and fen'ic hydroxide I) 1I100'e closeI,", the)' appeal' to possess_ the 
smne f01'111 as I bave fOlll1el. 

In tbe case of mixtUl'eH !JoU, eXpel'iUleJlt aml theol'.'· lead 10 LJ~e 

eond u::;ion thai t!Je linc w hielt indieates how Ihe ttlllleOllS vapolll' 
pl'essul'e clepencls 011 t, ('all kwe two types ",hieh gmdually pass 
in 1.0 euclt ol !Jer. 'Vil h HOlllC su hstances, for installee W iLh pl'opionie 
è.tlld fleetic aeids, the eonCè.we Hiclc is, ft'Ol1l thc eOltllllCnCelllenl, 
tUl'l1ed clOWJlW<tl'ds anti Ihe point of inlleeliol! 11ü~ disappeal'ccl. Gl,)'cel'ill 
appeul's la lie exactl,r on 1116 bOl'del' Jine, Ihe CI1l've J'cpl'eSenled 
Htill jnsL shows the point of innec/ion. 

The swelling hoeIieR have, Ihel'efol'e, lines wllieh ttgl'ee \Vitl! IlIOE-C 
of ihe miscibJe Rubstan~es of Ihe ti l'1:i/ gl'Oll IJ ,wel ueal', iJleleed, a close 
l'cAemblttl1ce to these. 

'rhis ttnalogy goes still ful'1hel': llliseible subsinuces of IIle lil'si 
gl'OUp have a Sll'Ong heut of mixing t1,nd COlltl'ttCtiOl1 of volume; in 
those of the seeoncl gl'OUp these pl'opel,ties Me mosll.)' but /'cebJ," 
posiii \Ie Ol' even Jlegè.1,ti ve. In all Ihe imbibing subslances, as .ret 
invo::;Ligntecl, tbe,)' ttr0 stt'Ollglr positive. 

'rho tIJeory of Uw lllixllll'es makes alle suspcct l
) Ihat' Ihe inilial 

2) Curves of tlw samo I'Ol'111 wo re oblained by TROU'l'ON wilIJ Jlallllel and Gollon 
waal, by Olum l\!A::lSON aUll RruHARDs WiUl Gallon wool, by LÜWENS~'E[;'oI wilh 
cl1pl'ic fcrrocyanido, zinc fCl'rocyanide antI siJicie acid fOl'mecl b)' lho action or diJulo 
aeit! on silicalos at (he (ernpentlllre of IJle room. [ myself, have ex.amined 11101'0 

than Lhilly ol hel' sweJiing suhslnllces, among lhose beillg lhe mnjol'ily or lbc 
known plJysiologieo·ehemicnl sub~lnnees anel a few olhet· pl'oducLs '5uch as launius 
,md soaps; lhe curves im'al'iably ex.IJibilod lito S·shapccl clJal'aGter. 

:I) Zeilschl', 1'. Allorgan. Clle111. 13, p. 354. (lig. 17). " 
.I) ZeilscIJl'. 1'. Anol'gan. Chem. 20, p. 207, The line ol' the jeUy wlJich lIas been 

kept uutJel' watel' rOl' seven years is meant. 
1) 1'his foJlows from lIte apPl'oximalive l'orll1uJal1 fOL' .Golleenlmled mixlures 

described by NlmNS'1' as tlle fOI'111Ulue of lhe "ideal coneenll'l1lell soJutiom;" and also 
fl'om lhe CXpl'f'ssioll dCl'ivecl by VAN LAAR 1'1'0111 VAN DER W AAT:S tlleory of 

11 

1 
\ 
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Llll'lIillg uowmvanlb of lhe convex siue (a,nu liJe poiut of inllection cauE>cd 
thel'eby) will be the 11101'e prOllOllllf:ed in H, miE>cible bnbstance 01' Lhc 
gl'OUp wben Ihe E>o-called "difi'ereJltjal heat of imbibition 1'01' i = 0" 
is larger, that iE> to say, the q-nantilY of heat genel'ated when a large 
quttntItjT of dl'Ïed substance absOl'bs one gmm of "water 2). With 
sulphul'ic acid tbis ebamctel' of the vapolU' pressnre line is more 
st l'ongly pronoulleed tha,n witb phosphoric ncid, and with this sub­
sla,nee cOllsidel'ably stronger thnll with glycerin. As wiJl be lloticed 
ti'om the Cl/rve, the behaviotu' of the imbibing bodies lies more Ol' 
less bet ween 1Ill1t of snlphlll'ic and phosphoric neid. We 111ny, tbere-
1'0 re expect ns }ll'obable that the enid hent lpmntity is gl'eatCl' 
111 sulpl1tll'ie ihan in phosphoeic neid and l1111eh largel' Ull111 in gly­
ecrin, and thai in swelling bodjes its values lio bet"woen thoso of 
the substancos mentionod fll'st ThaI sneh is indeed. lhe caso is shoWJl 
by the subjoinecl table fol' the value of this quantity which I l!a,·e 
cakulatod fot' the different subsiances fl'OI11 Lhe caloric experiments, 

cnsein 200 cnl. sn1 plulric acid , 550 cal. 

cellulose 390 
" ol'thophol'phol'ic ncicll00 

" 
art i ficia.l sim'eh gral1ules 320 J' glycel'in 20 

" 
woody fibt'es ( esiimation of 

crude fibl'o) 260 
" 

ltuclein (fl'olll yeast) 200 
" 

IJl tho aqueous vapour pressul'o we .find thel'efore nlso H, resem­
blance, to in man)' cletnils, between the qnaniitative laws of swel· 
ling nnd mixing. 

c. Volwne contl'action. 

111 (ho case of (hl'OO umol'phous nnbibing snbstances T have deter­
lllined to volume t'ollft'netion G (in cc) which Inkes place when 
one gmm or cll'y sttbstanco absodls i gmms of wnlel'. The luetlloü wns 

mixture" for tIte vapoll!' pl'eSSUl'e of mixll1l'es. Pal'liculal'ly in llw case of Ihe 
dil.llahle f:,ubslances lhe fortnulae ofNERNSl' seem la me la become of great significance, 
They preelict for instance, thal if the heal of imbibitiall is representeel by a hyper­
bola, the hygrometrie lino must have the S-form, anel vurious particulars of this 
line which are actuully obsel'veel, I wil! refet, la lhis more fully shortly in Ull 
urliele on lhe Thermodynamies of the Swellillg Proeess. 

2) The ditTerenlial heal of mixing is ealeulateel from the ordinary heat of mixing 
dW 

aceording Lo the formulu w = di 

64 
Proeeedings Royal Aead, Amsterdam, Vol. XIII, 
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quite the same as that described by RODEWALD for amylum ö'itici 1
). 

Petroleumether (b. p. 80°-100° 0.) was useu as pylmometer-liquid 
which, as pl'oved by check experiments, is not imbibed by the sub­
stances employed. Of the lines d~termined only those fol' casein aee 
gi\'en; with the oUwr snbstances I obtained lines of the same shape. 
I a1so had repl'oäuced on lhe illustl'ation the l'eSllUS of RonmwAw 
Wit11 amylmn tritici, although these experiments are lIOt of greai, worth 
fOl' the purpose of comparison with liquids, owing to the pl'esence 
of layel's in the sLm'ch gral1l1les (in amy lum Iritici, howeveL', this 
alternate construction shows but faintly). In both cases the cllL've 
exhibits the form of an hype\'bola. 

In tbe three miscible substances were found volllme contraction 
lines of the same form 2); these ClU'YCS aIso IDHke the impression of 
being hypel'bolas 3). In the volume eontraction we a1so find, thel'efol'e, 
tlJe same analogy in the quantitative laws of the two phenomenti. 

d. Connection bet'Ween heat of i1nbibition and contraction of volume. 

If the volume COlltraclion C of a swellillg substance is divided by 
the heat of imbibition (TY) at the same degree of imbibition, figures 
are obtained which, in the different imbibing bodies, are in tbc 
same order of lTIagnitnde. As this re1ation of ten changes considel'ab1y 
with the clegre: of imbibition, 1 caIcu!ated -- in order to obtain 

comparable va!lles - the quotient ~ for very small i's (i = 0). 
W 

111 the three miscib1e lic!lticls tIJis quoticni has also vn,[ucs ",hiel! 
agree very weIl. 

W hat is now pal'ticulady Rtl'ikillg is that th is order or magnitude 
is the samc with miseilJle and with swelling substances. Tlle sub,joinccl 

lable gives the value of (~).: 
W 1=0 

c[l,sein 0.0015 
alllylLl111 tl'itici . 0.0019 

wood,)' fibres (crude fibl'e determ,; 0.0021 

suIplllu'ic acrd . i 0.0020 
ol'thophosph. acid. 0.0010 
glycerin . Q.0024 

1) Zeit&chr. f. physical. Chêm. 24, 201-202. 
2) Calculated from experiments of DOMKE for sulphuric acid (LANDOLT. BÖRNSTEIN, 

MCYERHO~FER'S Tabellen 3e Ed., pg. 328), of SCHIFF fol' phosphoric acid (Lieb. 
Ann. 37, pg. 192); of LENZ fol' glycerin lLuNGE'S Techn. Unters. Meth. ru, pg.160). 

3) THoMsoN had pointed already out in 1883, that lhe volmne conlractiolls of 
ace tic ilcid hy mixing with water follow a hyperbola. 

\\ 
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In &welling, as weIl t1.S in miscible substances, the Cjuotient, 
Lhet'efol'e, always lies l'eLlveen 10 allel 25 X 10-4 ; however 
different the chemicid nature of tIte Sl1bstfi)~Ce mlty be! If the two 
phenomena fit'e rdentical in nature, tbis need nOL cause astonishmenL 
Bnt bon, ('oulo this agreement in order of lllagnitnde in sn eh gl'eatly 
dJflel'ent &l1bstances be oxpla,ined if tho two phenolllonfl, were diffcl'cnt 
ill principle? 

Summw'izil1,1j, we sec that tho laws of imbibitioJl nl'e l'elativcly 
simpte (much simplel' thall Olle would haNe expecled aftel' YAN 

BEJlIl\lEUN'S ex pel'imen t5) if on]y em'e is taken to aVÇ>id substances 
with seconclary complications. And ii appeal's ~liat in: t~1~ ~'fO~~l' cases 
where tbe quantiiative htws of the imbibiti"n po wel' of amol'phous 
solid substallces wore compared with tbe lfiws of lhe miscibility 
of Jiquids, a st6king fitutlogy exists. Tlte COl'l'ectness of tlte fact tlUlt 
t!ds analopy e,vists is independent of the C01'rectne,ss oJ the the01'y, 
?Vltic/t ltas led to tlle 1p;eaTcA. But once found it is a fact with w hich 
everJ' theol'j' of swelling wiJl have to 1'eCkoll. 

But whel'eas it forms a stl'ong eonfil'lllfiüOIl of the theol'y which 
pl'oelaims that swelling is in principle the same as nuxmg, it will 
be difiicult to pl'opose any othel' theory which can explain llIlcon­
strainedly the existence of this analogy, 

In 11 snbsequent papel' I hope io publish fi llumbel' of experiments 
showing that the theo1'y can also account satisffictotily 1'01' t he imbi­
bitiol1 power of swelling cl'ystals. 

Physiology. - "E1)pel'lnwntal 1'tJsertl'clws on tlle analogy betwedn 
swellin.lJ (imbibition) mul mitin,q. 2'1(1 Oommunication: Swelling 
(imJJibing) c1','/slo{s anel mi,ved cl'!Jsta Is". 13y J. I~. lC\Tz. 
(OOllllllllllicaLecl bJ' ])rof. PEKBLllAlUNG). 

(GOtnmunic,lted iu lhe Meeting of December 24, 1910). 

Tho qllestion as 10 ho\v the water of imbibition oxiSlS in swelling 
('I'.) slab 1), IIns fol' a long time cxeited gl'cnl intOl'esL, bt;t n'clcitr insight 
is nol yet obtfiinecl. In oroer thaL some more lighÎ l~ay ba thl'own 
011 t hifi questioll iL appeal'ccl supremely necess~try La, carry out new 

1) Li.tel'alure reviews on imbibing crystals ure found in: 
O. LEIIl\!ANN, Molekulurphysik U, p. 550-553 (1888). 
L. MAILLARD, Revue Génél'ale des Scienccs 9, p. 608-614 (1898), 
I·'n, N. SC.UUI,Z, Die Kl'yslalli~ulion von EiweissloITcn, Jenu, GUSTAV EISCl1ER. 

64~' 


