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we adtled successively in concentrations of 1 mol. percentage, the 
following chemically pure preparations: 

1. Jadeite: NaAlSi2 0 0 , synthetical. 
2. Leucite: KAlSi2 0 6 , syntheticaJ, anhydl'ous. 
3. Lithiumo.:cide: Li2 O. 
4. Alulnina: A12 Os' 
5. Silica: SiO! (qnartz). 
And in roncentrations of 2 mol. per('.: 
6. Pseudowollastonite: CaSi03 , synthetical. 
7. Sillimannite: Al2SiOG, synthetical. 

Obse1'vecl anel 1'ecluced 
Jfeltingpoints: 

14415 lVI.V. = 1382° 
14506 lVI.V. = 1414° 
14304 M.V. = j 397° 
14585 lVI.V. = 1420° 
14530 M.V. = 1416° 

14357 i\'LV. = 1402° 
14593 lVI.V. = 1421° 

Keeping in mind, that the pure substance melts at 1417° C. 
(G. Th.), we can deduce fl'om thebe expel'iments, that: 

a. An excess of Li2 0 lowe!'s the meltmgpomt of the compound 
LiA1Si2 0 o, while tlle influence of an excess of Si02 is somewhat 
uncel'tain, but seems to produce a sligltt inc7'ease. 

b. That a lowe1'ing of the meltingpoint is also prodnced by an 
excess of synthetical jadeite, leucite anel pseudowollastonite, which can 
be considered as the prillcipal aclmixtures of the natural kunzites 
and spodumenes. . 

c. That on {he contrary, an incl'ease of the meItingpoint is pl'oclured 
by an excess of alwnina and of alwnosilicates, like e. g. pllre 
sillimannite. 

In how fal' these f'acts, which ot' course wiJl be stndied more in 
detail, when the ternal'y syetem: Li2 0-A12 0 3 -Si02 isinvestigated 
completely, ran be used for the explanation of the phenomena, 
observed in the case of the natmal spodumenes, wIll be shown in the 
next paper. 

Groningen, lVlay 1914. Laborat01'y of Inol'ganic Cltemistry 
of the UniV81'sity. 

Chemistry. - "Studies in the Field of Silicate-Chernzstl'y. 1!1. On 
t!te Litftiownalwninittmsilicates, whose cOJnposition c01'1'esponds 
to tluzt 0/ the Jlfinel'als Eucl'yptite anel Spodwnene". By 

_Prof. DJ'. F. M. JAEGEH and Dl'. ANT. Sll\mK. (Continued). 
(Communicated by Prof. P. VAN ROl\IBURGH.\ 

(Communicated in the meeting of May 30, 1914). 

~ 12. For the purpose of comparison of the properties of the 
described artificial product with the mineral itselt~ we have inves­
tigated a nllmber of natural spodumene-species in an analogolls way. 
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/ We obtained a l111mUCl' of very pure kunzites, and some good 

spodltlilenes: _ '. 1. An almost colollrless, somewhat liJac tinged, slt'oJlgly dichl'oïtic 
kunzite ft'om Binr'on in Califomia.-

2. A completei)' transparent, gIn.ssy, pale 1'ose tinged kunzite from 
Srlltatany-valley on Jladagascal'. ~ 

3. A beautiflll, tl'anspat'ent pale gt'eenish yellow lwnzite from 
.11finas G(jl'oiJs in Bmsil. 

J. A trn.nspal'ent, emel'ald-gl'een ltiddenite fl'om Ale.J:andel' COl6ftty in 
lV01'tlt CIlJ'olina, U.S.A., and a pale yellow hiddellite of the same place. 

5. A Cl'yptocl'j'stalline, opaque piece of spodwJlene from S01nPrij, 

iu Finland. 
6. An aggregatiotl of opaque, long prisms of spodwnene fl'om 

1l[aine, U. S. A. 
All meltingpoints of the finely gronDd material were determiJled 

in eX<l.ctly the same way and with the same rare, as formerly 
descl'ibed. The specitic gravities were detel'mined by means of a 
pycnometel', _ with ol'tho-ehlol'otoluene as an immel'sion-llqllid; the 
specifir. gravity of this was: cliO = :1 ,0841 at 25°,:1 C. 

Most of the optical data were obtain~d by micl'oscopical investi­
gation; the vallles of the refractive indices are detel'mined at 16° 
or 17° O. 

J. Kunzite of Rincon, California. 
Big, very feebie lilac coloul's, very lustl'oUS and perfectly trans­

parent cl'ystals, evidently with a clöavage parallel to the vel'tical prism. 
An ullalysis of Davis, made with the same matel'ial, gave the 
following J'esults: 

Si O2 

/1 2 0 3 

Li2 0 

64,05 % 

27,30 % 

6,88 % 

Calculatecl: 
64,6 % 

27,4 % 

8,0 % 

lmpurities: 
CaO : 0,8 °10 .l11nÓ : 0,11 °10 

\ 

Na 2 0: 0,3 % NiO: 0,06°/
0 

nnO : 0,44°/0 ](20: 0,06 °/8 

Total: 0.78 %
, 

Tbe crystals show a sh'ong fluol'eseenre unde)' the influence of 
RÖN'fGEN-rays. 

Tbe rneltingpoint determinations ga.ve, witl1 thermoe1ement IV, the 
following reslllts: a.s a mean value of a gr'eatet' number of obser­
vations, we found : 14683 M. V. ± 41\'1. V.; as the correction of the 
therrnoc1ement at this temperatnre was - 8 M.V., the melting-point 
is thus: 1J28° O. (G. Th.). It is \'ery shal'ply localised on the 
heating-curves. 
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The specific gt'uvity at 25,1° 0. was: d4o= 3.204 ± 0,003 fol' Ihe 
natural, not yet meIted compound; aftel' so!idification of tbe moltelI 
mass, one obtains, aftel' slowly coolillg, a colourless, fille]j cl'ystal­
lized mass, whose denóity diffel's considerably from the ol'iginal mineral; 
it is: d40 = 2,385 at 25°,1 C. 

The l'efl'active indices of tlle molten anel solidifieel subl'tanr,e are 
considel'ably different from those of the original minel'ül. While fol' 
the unmelted substance" we fOlll1d respeclively: 17,1 = 1,653 ± 0,003, 
n2 = 1,669 ± O,OO~; anc! na = 1,672 ± 0.003 1), fol' the soliclIflccl 
mass we fonnd al1 extreme!y feebIe bil'éft'illgence of about 0,001, 
and a mean refl'<lcti"e index of: nn = 1,518. The cl'j'stalpieces sbO\vec/ 
an in'eg'ular extinction, e\ïdently by very ('omplicated intel'growtb 
of severaI indh id uals. 

On rapidly cooling, all isotropous .qlas$ was ol>tained, with a 
refractive index of rtD = j ,517 ± 0,001, being- about the same as 
for the cl'ystallized maós. The specific gl'avity was at 25°,2 C. : 
d40 = 2,388 + 0,003. vVhen heated during a longel' time at 1300° C., 
it becomes crystalline; even at lowel' temperatul'es the glass gels 
soon opaque and 'jUre pOl'celain by devitrification; but glass anel 
crystalline product obtained fl'om it, evidenily do not cliffer ill (heil' 
proper ties to any appreciabIe amonnt. 

c Il. Kunzite of t/~e Saltatany-valley on Jl1adagascal'. Big, c!eal' anel 
complete!y tl'ansparent cl'ystals; they are elicbl'oitic anel tinged witb 
a pa!e rose h ue. , Locally the en vil'oning rock-matel'ial is again 
discel'nible, as a 1'Iisty colomed, fillely divicled substance. Tbe crysta!s 
wel'e carefnlly cleaneel from it; then they were ground and sie\'ed, 
aftel' which the investigation proceeeled in tlle usual manner. 

As a mean value fOl' a greatel' numuer of detel'minarions, we 
founel tbe meItingpoint at: 14683 + 5 1\1. V.; <l,S the COl'l'ectioll of 
the tbermoelement was - 8 M. V. at th is temperature, we can adopt 
the value 14675 ~1.V. of the E.lVI.F. of" the thel'moelement at tIJe 
meltingpoint, corresponding with: j 4280 C. (G. Th.); in this case 
the meltingpoint is also vel'y sbal'p. 

Evidently this kunzite differs only sligbt!y ft'om (he pl'eceding 
mineral of Rincon. With l'espect to its chemical composition, we 
h<,:ve óOille Cdata, given by LACROIX J), who illvestigated colourleós. 

1) In a liquid of nu = 1,670, composed of melhylene-iodide and monobrol1lo­
naphtaline, the crystalpowdet' showed a very beautiful l'eddish-violet colom', just as 
some of CHRlSl'IANSEN'S "monochromes". The same phenomenoll was obset'ved for 
the glass and the (3-modification of artificial spodumene. 

2) A, LACROIX, Minéralogie de la France et ses Colonies, IV, 775, (1910), 
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gl'eenish-yellow and }'ose kunzites (tdphane) from Mahal'itm on 
,A[od((gascaJ'; the lilac and l'Ose kllnzites of Ampasiltiatm are im­
bcdcled in a kind of kaoline-eal'tb, genera,ted fl'om the spodumene _ 
by decaying-processes: The green kunzites possess the gl'eatest values 
of theit' I'efractive indices, howevel' 'onIy little diffel'ing fl'om the 
othel' ones, while tlle 1'ose tinged cl'ystals have a smallet', the coloUl'­
less ones yet smaller values fol' those constánts. -

We found by means of the immel'siön-m.ethod n1 = 1,658 and 
11,2 = 1,673, which values do not differ appreciably frolll the lllean 
vallles : n l = 1,6588, n 2 = 1,6645 and na = 1,6750. 1

) Fo!' tbe ana­
lysis of the red and greenish crystaJs, the following data are given 
in literatul'e; the)' are reproduced -here for comparison with the 
composition of the Califomian lumzite: 

rose cristal s: green cristais: 

Si02 : 63,850J0 CaO : 0,52% MnO : tra ce Si02 : 62,21% CaO: 0,50% MnO -: trace 
A1203 : 29,870f0 Na20 0,98'/0 Fe203: 0, 150io 1 Alz0 3 : 29,790(0 NazO: 1,030J0 FeZ0 3: 2,480,'0 
Li20 : 3,760f0 MgO : 0,13"/0 KzO :0,13% Li~O : 4,02 1/0 MgO : trace K20 :0,210f0 

Residue: 0,370/0 , Residue: 0,250[0. 

From these data results, that the quantity of Si02 in tbe rose 
crystals is about tbe same as for tbe pale rose knnzite of Rincon ; 
but the content of Al2 0 3 is mucb greater in the minel'al of Alada­
gascar, and thus the Li2 0 appreciably less than in the Amel'ican 
kunzite. The sum of those thl'ee constitl1ents does not diffel" very 
much in all these cases: 97,5 010 fol' the kunzite of J1{fldagasca1', 
9~,2 °10 fol' that fl'om Rincon. 'rhe specific gl:aVity of the 1'ose species 
is about 3,177; - a \'alue, onIy slightly different ft'om the vaille, 
detcl'mined b)' n8: d40 = 3,30 I + 0,005, 'at 25°,1' C. 

The refracti\'e indices of the melted, feebIJ birefl'Ïngent product, 
were found to be n1 = 1,518 and n2 = J ,520; the bil'efringence is 
not greater than 0,002. I 

At 25°,1 O. the specitic gravily of the melted aqd solidified sub-
stance was determined: d/ = 2,373, wh,en the pl'epa{ation was heated 
during several hOl1l's at a constant. tempcmture, just below the 
meltingpoint; under the microscope the obtained product then showed 
the typical aspect of the aggregates of seaIes, which at'e always found 
with the P-spodl1mene; they have a weak birefl'Ïugenee, and an 
il'l'eg II lar, of ten nndlllatory extinction. When a-spoçlnmene was not 
melted befol'e, but only kept at a constant tempe:r;ature below the 
meltingpoint, the substance appeal'ed to be w11011y ,transformed into 
the same p-modification, with a specifie gt'avity of: d40 = 2,376 at 

1) DUPARC, WUNDER el SABOT, Mém, de la Soc. physique de' Genève, 36, 402, 
(1910). 

,-
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25°,1 O. In both cases the mean l'efl'active index for sodiumIight 
was: nD = 1,518 + 0,001. From the molLen mass therefol'e no other 
phase is deposited than the mentioned ~-modification. 

The fig. 5, 6, ancl 7 may give an irnpression of the malmel', in 
which the transformation of the a-, into the ;1-modification gradually 
occurs. In fig. 5 the original kunzite of Jl1adapascar is photographcd 
between crossed nic01s, when heated only dllring 2 houI's at 975 0 0., 
::tnd showing 110 trace yet of the ,G-form; in fig. 7 the same heatillg, 
but prolonged to 15 houl's, has led to complete transformation of the 

.Cl'ystals into tbe j1-form. The fig. 6 represents tbe cl'ystals, aftel' 8 
homs heating at 975° C.; they show a pal·tial transformatiOl;, and 
the gradually occllrring diffel'entiation of the originally homogeneolls 
cl'ystals ioto an aggregation of the felty needies of the j1-modification. 

lIl. G1'eenish-yellow Kunzite of .Minas Gemifs, Bmsil. 
This kllnzite appears also in the foem of large, Yery transparent 

cJ'ystals, having a pale greenish or yellowish llUe. This colou!' is 
cUllsed by a content of FeO, which in melti11g the mineral, is con­
vel:ted into: Fe2 0 3 ; thus the solidified mass being always tinged 
with a reddish-bl'own colour. The analysis of tbis mineral 1) gave 
tbe following data:' 

Si O
2 

: 63,3-64,3 % CaO : 0,2--0,7 % 

Al2 0 8
: 27,7-27,9% Na 2 0: 0,6-1,0 % 

Li2 0 a : 6,7- 7,4% FeO : 0,7-1,2 % 

This lnmzite therefore is alsû relatively close in composition to 
th at of Rincon, apPl'OaclJülg in - its content of Li2 0 closer to the 
theoretical vaille; the sum of the principal constituents is 97,7 %' 

The meltingpoint of this mineral was determined five times; tlle 
results wet'e, with thermoelement IV: 

14643 IV!. V. 
14646 1\11. V. 
14650 M.V. 
14639 M.V. 
14646 M.V. 

Mean value: 14645 M. V. j 

aftel' correction : 14637 M.V. (G. Th.) 
The meltingpoint, l'educed on the nitl'Ogengasthel'mometel', lies 

thus at 142:,,° 0., i. e. abOllt 30 O. 10wel' than fOl' the kunzite of Rincon. 
The specitic gt'avity of the substance before melting, was deter­

mined at 25°,1 O. to be: d40 = 3,262; the data, gi ven in litel'atllre 
for the specific gl'avity of natm'al cl'ystals, val'y between 3,16 and 

1) a. HIN'rZE, Handbuch der Mineralogie. 
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3,174. TIle refrl\Cth"c iml ice!I of.lhe Ol'j!:;nRI 611IJ1ltan~ were: Ol, = 1,661 
"nd n, = l ,6G(), wirh "l'pu,..,,, tIJ " tWlIlcwhnl weI\kcl" blrer,"lngenee 
M ror the already deacl'ibed kun~ilell. 

Ku"zite of llud~r. h •• ltd for (,,'0 hou .. 
al 960' C .• nd nol yet pet""P1ib1y I, . ... /onnet!. 

IX Nicoll). 

Fig. 7. 
Kuntile of M~r, complete!, IrlllSforl1ltd into 
Lh. ~.rOlIll, .Ikt being het.led al Q7&" C. O<Nicol,). 

, 

J 

• 



- 8 -

Aftel' being melled howevel', tlle l'eclelishbl'own, Cl'Jstallille p!'odud 
had a speeific gl'avity at 25°,J 0.: d40 = 2,463, whilc tho l'efracti\'e 
inelices of the feebly bil'efl'ingent grains were fOl1J1d to be about 
1,522 anel 1,527. There is no elol1bt whatevel' about [he fact, that 
the i:>olielifieel product is again cl, modifieation absolutely different fl'om 
the original kunzite; moreover it is evielently identical wifh the 
al ready men tioned ,B-spodumene. 

IV. Bidclenite ji'om Akl.'andel' Count.ll, North Carolina, U.S.A. 
Long, neeelle~shapeel, pale green crystals, anel emel'ald-green crystal­

feagments, wllIeh ~tre tl'anspal'ent anel dichl'oitic. The speeifie gl'avit,Y 
of this mineml at 25°,1 U. was foulld to be: d .. o = 3,295 ± 0,002 ; 
the refl'iLcti\'e indices weee: 11 1 = 1,664 and n2 = 1,674, The data 
for the &pecitie dcnsily, given in literature, ml''y between 3,152 allel 
3,189. Of 11 hicldeniLe ii'om Ale.randel' City, wiLh ,speeitje weight 
of: d .. o = 3,177, the analysis- gave the following l'csnlts: 

Si O2 : 63,9? °10 
A12 0 2 : 26,58 °10 
Li2 0: 6,82% 

FeO : 1,1 °10 
lVa

2
0: 1,54 % 

Ç'a 0 : 110 trare, 

The SUll1 of the pl'incipal constitnents is here 97,35 °10; the hne 
of the cI'j'stals is causecl by the ad mixture of FeG, whieh is oxydized 
in melting to Fe2 ()a, giving a bl'ownish-black Ol' chocolate-bl'own 
colour fo the solidifiod l1lass. Anothel' hidclenito of the same locality, 
but of 11 paleI' colour, hael: 64,35°/0 Si02 , 28,10% Al~ O~, anel 7,05°/0 
Li2 0, - conscqllentlj' togotlJOI" 99,5 "/0 ; mOl'eo\ Cl': 0,25 11

/ 0 PeO 
H,nd only nbont 0,3 °10 Na 2 0. The difl'erences of the meltingpoinls 
of these two kinds of hiddenite, were I1bout 1° C. Ol' less. In n. 
scL'Ïes of obsel'vations, made with thol'moe1ement IV, the melting­
point was fonncl at 14:565 M. V. ± 101\1. V.; aftel' cOl'l'ection, Ibis 
eOl're&poncls to J 4L8" + 1 ° O. ,G.Tb.). On roolillg down thc 1110;lel1 
111a'3S, th'st nn lInelel'coolillg is obsel veel to ['.bout 1255° 0., if the 
IClnperatul'e-fall was about 4° pl'O minute; then Ibe tempemtlll'c 
1'ose to 1262° O. el ul'ing the solicllfication of the mass, being 150":> C. 
10wel' thar!. the rea1 eqniJibl'iuIl1-temperatul'e. 

Another time we found an nnclel'cooling to 1208° C., thell 
solidifieation fit 1214° 0., -- this being 204° O. 10wel' tllall the true 
mcltingpoint! Althollgh this point of &olidifiration is 10wel' than that 
fol' Ihe pure kllnzite&, it ran luwe no cssentil11 signiticn.t.ion w[w,tevel', 
being wholl,)' ucpendent 'on Uw speed of cooling I1ncl oUler n.ccidenlal 
r,il'cumstances, 
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V. Spodumm~ pi $omerIJ, Fin/mld. 
A white, 0PalJ1le ci"yplOCrj"slallin8 ",nd verJ hurd mllSli. It wos 

finel.,- g1'{JIUld, "nd irwesligMed in "manneT, quite analogOll$ 10 that for, 
merly descl"ibed . Tile speeilk gra~itr at 25°,1 C. \vi\ll: 11,.= 2,997 ± 
O.O~; the refrA.Cli,'c indices \Vere "ho"t: n, = -I ,658 9nd n, = 1,669. 
With the the,'moelement. tV the mehingpoint "'M fOllnd &t 14649 
~I.V, ± 5 ~I.V,; bcing, after ro",'ection, 142:;° C. on Ihe gll.Stbermo­
meter, ~canse of Ihe inhomogeneiW of 111e matcl-illl, the melling(lOint 
is hc,"C nOl SO slulI'ply loeali1.ed on Ihe heati"g~urves, as in Ihe 
cases of Ihe k"u"ites; on eoolillg Ihe mollen m8.l:<S, $Olidilication 
occul'8 in thc lIeighbolll'hood of 1298' C. 

Tbc s "bstan~ solidified Md heated fo,- some houfS belolV ils 
meltingpoint, had a speeific g'll.vitr at 25",1 U. of: d •• = 2,398; ,be 
refra.::IÎ,-e indices ,,'e,"e 1100"1: 1 ,510 I!.lld 1,518 for sodiumligbt, 
_ jusl a lilile smaller lblln eommonly with the fi-spodllmene. The 
snb.ll !ln~e nlw!lJs shows very compliC!lted aggreg!ltiolls of feebly 
extillgnishillg $Cllles wilh IIndlll!ltol'y e.>:tinc,iOIl. 

If the originlll suootallee is 1I0t melted, b"t only healed during a 
Io:mger lime below ilS meltingpoinl, lhe cr.l'stllis are ronv~rted into 
tlle agg''egu.tion$ of Ihe p.spodumene; the spe.;ific gnwity at 25°,1 C. 
W:L'l now: d •• =2,412 aud the l"efracli"e indices abolll: 1,519. 

v r Spodumtlll! from Maine, U.SA .; perh!lps from JVindha"" 
Tbis mineral consists of long, opaque, p,'ismal;c crJat .. I!, looking 

I'ig, 13, 
Dm., . ·Spodurotoe Gf S\l1ll~r<I, rmtllld, (X r..1eoJa). 
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like poreelain, with pl1ldQminanl dellovnge. f ile ral"efnlly seler ted 
matcri" l was finclJ p"h"6",-ed, and investigatc<l lIS dcsc,ibed hefore. 
TII6 sreeifoc gl'Mity Kt 25°. 1 C. was, d,. = 3,154 ± 0,002; Ihe 
refrac Live indices WCI'C iloont, 11, = 1,6$6 &nd ", = 1,672. A mit· ro~ 

photograph of ir bel ween crosse<! "icols ;s reprooJnced in Ihe fig. 13. 
The mehillll;poin t was dcle l'min~ $everal limea willt Ihe therm,,_ 

clement [If; Ille f"lInwing resuIts were obtaille<! : 141\69 ± 13 ru . \'. , 
being after cOI'rec lion: 1427" ± 1'" C. on !hel gasthcnn nrneter. Also 
1" this case tbc mellingpoint is not qLlite so slim'!, a.s will, Ihe kun­
ziles, juS! because of the che mi cal inhomogeneit)" of Ihe materia!. 

Tbc obtained product had a speei Be grav;l}" : d •• = 2,336 al 2,,' ,4 C.; 
the weakly bi,-efringenT, irt-egnhuly extin!(nishing 5<.'ale-., had refractive 
indices of " bQut; 1,517 and J ,520 ; the birefri "!J:ence is not greater 
than : 0,003. 

In fig. !:I a mieropbolograph t.etween c,"Os.se<l nicols ie gi"~,11 of 
the dense <l-spodll mene of Mai'ie; in fig, 9 the Sllme preparation, 
mollen a.nd sol idifieil into the rf·fo,·m is reprodueed in thesame way. 
The slrong analOS)' witl! Ilie image of fig. 4, representing !In arti· 
fieia! p·sJKXIu mene, made from UA/O, aud [iO" is obvious. 

AnOlher pl'eparation was not melled, but only kepI al a constant 
lemperatul"l of abQu! 1200" U. fo,' some hour1l. Tbe original ,,· form 
Ilp pe:>.,·ed 10 be total!y cOll\' erloo into IHpodume"e; Ihe volume of 
the ID!188 had inCI'<!asOO then in sueb 1\ degree, that the platinum. 

fig. S. 
Deo,e ~·Spod"m"'e of Maine, betWftn ,.oW!<! 

. . Niool •. 

Fig. n_ 
p~pod"mene obtaioe(l by ,peiling lUId eryttalli .. tion 

or the ~.mOOifk.lioo (X Nieol.). 
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crueible was w~\(ed during the pl'OCt'SS. Thc substance show".] the 
~ypieiOl gmonlln slrnelnre of Ihe cryslal eonverled in lo ~spod "n1ene 

with 'mdlllato l'J extinct ion and !I mean refl'aCtive inde" of: 1,518. ' 
The st>OCi6e w<light al 25Q,7 C. W!18 determined 10 'I)e: d •• = 2,309, 
rIOd IQ ba 2,317 fit 25Q ,1 C. 

+ 13. In all these experiments it was otWll"\'OO by us, th ut the 
pllltinurnCl"uc!IJIe.;, in ",hith Ihe silicate was melted nnd solidilied, 
showed a slrong de(ormation, which inereased (wery time that. the 
experimem was L'epealOO. As fig. JO shows ver,. clMrly, Ibis nbserved 
defonuation is of sud, a kind, tha! ;1 ahvays appMr!l as a dilllln./Wn, 
NI if (he si licl\le. like wl\te r, solidifies nodet, a ,'oInme-e~pIUlsion. 

The "9.lne8 obtained for the srecific "olumes. of the crysl3ls 
IIIId of the gltut, seem hOWCY<l" to rniloke th is expllllllll ion ralher 
itlJpr<>bable. We hlllle tri~ by II *"ies of sys~mlltir. experimMIS 10 
!iud ou!, whm 'WlUy this inerease of the volume se ta in, by mel\.Suring 
Iho diamele,' of the crncibles, lifter their eon\ents hn.d been subjected 
to differen t manipulalions. In this ,va)', we found, {hllt by r~,· the 
IlI\"gest defo"ma{ ion of Ihe eruci bles look pl~, lIt the IrllnaformlltioH 
of (1_, inlo ,i-spodulliene, whieh is aeeo mpanie<! by II volume-inerease 
of !loom W', •. W han thesubatllnce ia Ihen melte<! onca more, and again 
oolidifled, Ihe deformation already present wiU be inereased b)' Ihe ' 
the"mal e~l'-~naion of Ihe mass, lI"d becausc Ihe li"tlid $ubst8Jtce is 

f ig. 10. 
Dtfonn~tion of the pl.tinurn erue'bl .. afler melting ."d ooIid ifkalion 

of tbi nalural Spodum.n •• 
O. Original form ol lbe pl.liDum·orue'bl ... 
I. Pale yellow spodumene of Min"" G.!mla, BraMl. 
2. Kulllile of Sah«tallJl·..uuy, M<ldaqasw-. 
$. DeDse Spodumeue of Som.m:l, Fillll/aml. 
,. Kun.i te ol RinCCtl, Callr,,","" 
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eno'I'rIlOl1sly viscol1s, enclosed air-bnbbles are ~!JardJy squeézed out, 
but will l'athel' expand in the máss itself, while the sl1l'face of the 
liqnid can c.hange its height on[y witll extl'eme sIowness. In l'epeating 
snccessively the meJting and solidifying of lhe substance a number of 
times, [he deformation-effect will be gmdllally increased to such an extent 
that, as fig. 10, N°. 2' shóws clear[y, at last tbe crncible bUl'sts. Tbe 
gradual lowel'ing of the ,liquid surface in snccessive expel'iments 
can be seen In those crucibles; in snch a manner it often happens, 
that with a stro'ng detol'mation of the platinnm vessels, when tIley 
finally look like inflated balloons, the jnnction of the thermoelement 
emerges at last out of the surface' of, the liquid mass, so th at the heat­
effects on the heating-curves get gradually worse' and will finally 
disappear totallr: 

. ~ 14. To con trol the found meltingpoints, we have made a series 
of experiments to detel'mine it once more (with the lnmzite of 
Madagascal') by means, of the quenching-method, whirh is to be de­
scribed af~el'wards in connection with Olll' experiments for fixing the 
tempel'ature of beginn'ing transformation: The quenching-system w~s 
first calibl'ated by means of meltingpoint-detel'minations, made by 
this statical method with li thiurmhetasi Ii.cate (1201°) and diopside 
l139lo

); the cOl'l'ectlons to be applied to the measul'ed temperatllres 
appeared however to be practically Ze1'O, 

We found in sllccessive experiments: 

Kunziie,heated during hal{an baur atl4tlOO M.V.and quenched in'mercul'Y: ~ll crystallized 
" n'" n ; 14720 M.V. n' - . : All glass . 

. " n n' n "14700 M.V, n : ~ll glass. 
n n n "14750 M.V. n : All glass. 
n n n- ~ 14680M;V,"" : Glas!{ anel 

n·14660M.V. n 

,n 14690 M.V .. , 
, n 

" . 

crystals, 
: Allcrystallized 
: All gIass. 

Thus, the meltingpoint was found to. be 1428° O. (G. ~Th.), quite 
in ,accordance with the direct meltingpointdetel'minatidns aftel' the 

, dynamical method.· In these expel'iments we once obtained a product 
aftel' longer heating 01114600 M, V., - ,jnst somewhat below the meltillg­
point, -- consisting of somewhat lal'ge~' individuals, They appeal'ed to 
bè lal'ge, hamogeneously extingllishing plates', whose bil'efl'ingence 
was about 0,007, aml with refmctive indices of 1,513 and 1,519, 
lilee those of the ~-spodllmene, obtained from al'tificial spodumene aftol' 
melt.illg and coolillg. In convergent polarized light the same inter­
fel'ence-imr\ge as in tlle farmer case, was obsel'ved; thel'e can tht~S 

I 18 
. Proceedings Royal Acad. Amstel'dam, V ol. ~ vn. 
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hardly be any doubt, that the spodmnene-modification, which is 
deposited fl'om the liquid maas, is quite the same as thai, which is 
discel'lled by us as {J-spodumene. Thel'e are no reasons to adopt the 
exietence of a third modification, which on cooIing should be con­
vel'ted into the ~-form, as occasionally has been done. 

-
§ 15. Befol'e describing our experimenls with tbis compound with 

respect 10 the, study of the transformations into the solid state, the 
deiermined valnes are once more recapitulated in the following tab Ie. 

Fl'om thil:l table (next page) we can see, tluzt in geneml the meltin,q­
temperat~t]'es !Jf the natural lcunzites are considm'ably Idglle?' tlwn tlwse 
fOl' the synthetical ]Jroducts, and fUl'ther we can, generally spealdng, 
deduce, that t/te meltingpoint of the kunzites are decl'easing at the same 
time with the incl'ease ofspecijic ,qmvity. (The specific gravities of the two 
first mentioned kunzites differ too little to give any certain argument 
fol' tbis view). Of the two kinds of dense spodlllnenes however, the 
111inera1 of higher specific density 8eems to have the higher melting­
point a180, _ although in this case the meltingpoints are too close 
tÇ.gether, lmd are mOl'eovel'- not sufficiently sharp, to give any cel'tain 
argnmelit fol' an eventual rational relation between (he two mentioned 
constants. 

§ 16. Now we will proeeed to the question, in what relation 
the different modifications of tlle compound LiAl8i2 0 a stand with 
respect to each other. 'fhat thel'e are several of these modifications, 
ean all'eady be deduced from the 111e1'e fact, t/tat the p1'ochwt oJ 
solidification of tlle natural spodwnenes ig quite d~fl'e1'ent frorn t!te 
original sub stances . 

Our im'estigations moreover have taught us, that there are really 
only two modifications, which can be discerned as (1- and P-spodllmene. 
Of these two forms the ,B-modificntion is ul1doubtedly the one to be 
considel'ed as t11e more stnble form at temperatures in the immediate 
vicinity of the me) tingpoint. The questioll, howevel', then risps iIrl­
mediately: in what relation are (,(- and ,B-spodumene to each other? 
Are they enantiotropic forms, ltke e.g. wollastonite and pseudo-wollasto­
nito? Or arc tbc,}' nwnotropic modifications, as e.g. they are obscl'ved 
in some forms of the pentamorphic magnesiummetasilÏ<'ate? 

Aftel' numerous expel'iments in this direction, we have come to 
the opinion that both forms of spodllmene must be considered as 
monotropie Olles with respect to each othel', and a-spodumene, i.e. all 
kunzites, Itidclenites, spodwnenes of natU1'e, must be rnetastable pItases 
of tlte compound witlt respect to the p-/orm at all telnperaÜ.l1'eS below 
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1-* 
ex> 
* 

-
SYNOPSIS OF THE MELTINGPOINTS AND SPECIFIC GRAVITIES OF NATURAL SPODUMENES. 

, 

Specific gravity Observed E.M.F. of Corrected E.M.F. : Meltingpoints 
Mineral, and Place of Origin : d4o: 

the thermoelement: (Gasthermometer- in ° C. on 
(intern. M.V.) Elements) gasthermometer 

Kunzite from Rincon, California. 
I 

(Colourless orpale, lilac, transparent) 3.204 ± 0.003 14683 14675 1428° 

Kunzlte from Sahatany-valley Mada-
gascar (pale rose, transparent) 3.201 ± 0.005 14683 "14675 1428:> 

Kunzite from Minas Geráes, Brasil 
pa1e greenish-yellow, transparent) 3.262 ± 0.002 14645 14637 1425° 

, 
Hiddenite from Alexander County, 
N. Carolina (emeraldgref'n, pale green, 
transparent) 3.295 ± 0.002 14565 14557 1418=> 

Dense Spodumene from Somerö, 
Finland (white, opaque, crypto-

2.997 ± 0.050 ' crystalline) 14662 ± 13 14654 ± 13 1426::>±1° 

Dense Spodumene from Maine. 
(Colourless, opaque, macrocrystal-
1ine aggregation) 3.154 ± 0.002 14669 ± 13 14661 ± 13 14270 ± 1° 

------ - - ------------ - ----- --------------

I 

I 

I 

I 

, 

~ 
~ 
~ 
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1400 C. Therefore it is neithel' possible to indicate an "inversion- ~ 
temperature", below whkh the a-form, and above which the ,8-form 
wonld represent the more stabIe phase: at all temperatUl'es below -
its meItingpoini, the .B-spodurnene is the only stable fOl'm of the 
compound LiAlSY206' Under ,,,,bat conditions the a-fol'm was always 
generated in nature, while it was till nQw nevel' obtained in the 
laboratol'Y from "dry" molten mixtures, may preliminarily be put 
aside. 

The l'eason however, that the a-modification, once produred, bas 
remained so, notwithstanding its metastability with respect fo the 
,8-form, is to be ascribed to the enomwus slowness, with which the 
transfol'mation a ~.B takes - place. 

~ 17. To give all idea of this phenomenoll, we wiJl describe here 
a series of experiments, made with the pnl'pose to answer the_ 
qnestion, at whrrt lowest temZJel'atu7'e the tl'ansformation a ~,8-
form again will OCCIU' with a veloeity just obsel'vable? PJ'eliminal'y 1) 
experim'ents had taught us that a Jong and little prominent heat-effect 
was observec1 between 900 and 1000° 0., if a farger quantity of 
finely p'owdel'ed a-SpOdllll1ene was gradllally lteated; and the micl'os­
coplcal 'iuvestigation also tanght liS soon, that within the mentionec1 
ternperature-intel'val, a transformatJOu is going on with observable 
veJocity~ We therefore made the following series of experiments by 
means 'of the ah'eady mentioned statical method Fot' it is evident, 
that juSt with l'ear.tions proceeding so enormously slowly, this method 
eau be used with great success, because it pel'nllts us ~ to keep tlle 
studied substances at a constant tempeJ'atw'e dUl'in,q an arbitmrily 
long time; 111 this way one can be sure that the react~on is thus 
compietely finished, wl1lle the shdden chilling of the preparation in 
coid mel'cury will fix the momentaneous state of it in a most 
effective way. 

The following data were obtained by observations with the thermo­
element IV; beeause the thermoelement was not placec1 in the mass, 
but beside lt, the whole furllace-system needed to be especially 
calibrated for this series of experiments. 

Tbe calibration of the l1sed quenching-system was executed by 
means of meJtingpoint-detel'minations aftel' the statical method, with 
substances, whose melLingpoints in terms of the gasthel'morneter were 

I) Vide also : G. TA"MANN, Krystallisieren und Schmel/en, p,114. Spodumene (d=3,l':'\ 
W.1S tI ansfollued gl\lclually inlo a JUuch less dense subslance (d=2,94), by heating 
on a BUllsenbUl nel' cllll mg len hout s. Tlle new product was aLtacked JlIuch more 
lapl<1ly by HF tban the OI'lgUJ.:l.l Eubstance. 

==================~----- -
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I 

I 

265 

already accurately known before. Only in this way is it possible, 
10 find out, what tempel'ature -really cOl'l'esponds to that, indicated 
by the thel'ffioelement placed in the furnace. For th is pllrpose we 
llave made. llse af the meltingpaints of two campallnds: Li2Si03 and 
LiBo02 ; the Li2SiOs melts at a tempel'atme of 11956 lVI. V. on 
aur standard-elements, the second at a temperalul'e, cal'l'espanding 
ta an KM.F. of 7822 lVLV. 1). In this way we absel'ved: 

LizSi03• 

I 11 

LiB02• 

I 
Heating during a long 

! tIme at a temperature, . State of the chilled 
Heating during a long 

State of the chilled time at a temperature, 
at which the E.M.F. of system: at WhICh the E.M.F. of system: 
element IV was: element IV was: 

-
12060 M. V. All glass. 7800 M. V. All glass. 

12020 
" 

All glass. 7760 
" 

All crystals. 

11980 
" 

All glass. 7780 
" 

Many crystals; a 

Much glass, a few crystals 
Httle glass. 

11940 
" 7770 

" 
All crystals. 

11930 
" 

All crystals 
7790 

" 
All glass. 

11950 
" 

- All glass. 

Thus, when the furnace-element indicates 11940 The meltingpoint of the liED, is thU5 reached, 
M.V, the meltingpoint of Lz-Si03 is reachedithe if the furnace-element wdIcates ~7780 M.V.; there-
correctIoll ofthe mdicated temperatures at 1201°C. fore the correction at 845' C. IS: +42 M.V. 
to reduce them the nitrogenthermometer, is th ere· 
fore + 16M.V. 

Fl'am both these data far 845 0 C. and fal' 1201 0 C., the cal'rection 
for evel'y intel'mediate temperatlll'e is faund by intntpolation; fal' a 
ternpel'atul'e of e. g. 965 0 C., it is + 28 lVI. V.; etc. It is with this 
number, that the just mentianed tempel'ature (in M. V.) needs ta be 
augmellted, to be reduced to the nitrogengasthermometer-scale. 

Having in this mannel' detel'mined the tempel'atul'e,(,ol'rections fol' 
the whole qnenching-system \Vilhin the range of tempel'ature from 
8450 tQ 1201 0 C., we have chosen as an object far these experiments 

1) Wlth the thermoelemelll IV three series of experiments were made, with 
heating-l'ates of 30, 40 and 60 M.V. per half minute. L,'or Ihe litlJium-metaborate 
we found lh us successively as mean values: 7786, 7778 nnd 7781 M.V., - which 
gives as probahle value: 77:;2 ± 4 M.V. The correclion of element LV was + 40 
M.V. at this lemperature i the trne meltingpoint thus being at 7822 M.V. = 845 C. 
(G. Th.). 
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the lcunzite 0/ Mndil.YrlSCLlI', alld we tried to find in the descl'jbed 
way the 10west temperature, at wbich a just discerniLJle tl'ansfonn­
ation of Ct -... Jj-fol'm yet occmrecl. The reader may be pilt in mind, 
tbat the experiments 1-14 wel'C made with a tbermoelement. 
pl'ovided with a very thin pl'otecting tube; in the experiment 14-20, 
t11is pl'otecting tube was omitted, which appeal'ed howevel' to make 
no appl'eciable diffel'ence. 

Indication of ther- '" bIJ· -
Q) :::~~ moelement IV at, t). ... -+J 
aJPo ;:l,c rn 

No. the constant tem- l:~ 'ó,c~ Result of the Chilling: 
perature of healing 8(-< 8'~ bIJ 

(± 15 M. V.) ~ ,c~ 

::> 1= ~.-

I 6510 M. V. 7230 I 2 hours Only u-modif.; no transformation. 

2 6800 11 750 2 11 idem 

3 7380 11 805 2 
" 

idem 

4 8450 11 901 2 
" 

idem 

5 9570 11 1000 2 
" 

All p-spodumene. 

6 9500 11 994 2 
" 

idem 

7 9070 11 957 2 
" 

No transformation; Cl-modification. 

8 9220 11 910 2 11 idem 

9 9360 
" 

982 3 11 Partially transform.; Cl_, and t9-form. 

10 9110 11 966 8 
" 

Probably the same. 

11 9280 11 975 8 
" 

Partially ,B-spodumene. 

12 9280 11 975 15 11 All p-spodumene. 
-

13 9260 11 973 4 
" 

Probab1y partially p-form. 

14 9260 11 973 8 11 All ,B-spodumene. 

15 9260 11 973 8 11 All ,e-spodumene. 

16 '0 9225 970 8 For the greater part: ,a-form. J:ltl 11 " Ua; 

17 J:lS 9160 11 965 4 
" 

All ,,-spodumene. OQJ 
'"--

18 
PoQJ 

9200 968 4 Evidently partially p-form. ~o 

" " ;:lE 

19 :S@ ._.t:: 9170 
" ~ .... 

965.5 4 11 Some ,a-modification, many crystals 
of ,,-spodumene. 

20 9150 IJ 964 4 
" 

I No p-form; the transformation has 
not yet begun. 

I --

'In / this case therefore an evident transformation bas already taken 
place at 9170 lVi. V. (ul1corl'.), or at 9198 M. V. = 9680 c. (~ .. T4.). 
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Similar expel'iments with the kunzite of Rincon tallght us, that tbis 
lempel'ature is sitllated somewhat higher, at auollt 9950 C.; in all 
these cases howevel', only very long continued healing can lead 10 a 
complete transformation of the CC-, inlo the R-form. It is therefol'e 
quite eddent, that at ordinal'y temperatures, and even at 4000 Ol' 
5000 C., the tmnsfol'mation-velocity of (C-, inlo ~-fol'm must be 
pl'aptically equaJ to zero; thu6 th& (C- and j1-spodumenes can be in 
immediate contact with' each other, durmg an undetel'mined long 
time, without tl'ansfol'mation taldng place. 
~ The transition of a-, into ~-form is a,ecompanied by an enOl'mous 
incl'ease of specific vo]ume: it is augmented fl'om 0.31 to 0.41, 
being about 33°/0 of the original ,'allle. 1t often occlll'l'ed that the 
heated and transfol'med powdel' had l'isen ovel' the borders of the 
platinurn cl'Ucibles. In tbe descl'ibed quenching-expel'iments, the trans­
formation could often be stated all'eady, when the used platinum foJium 
had not yet been opened: it seemed to be inflated by the incl'ease 
of volume of the enclosed pl'epal'alion. lUicl'oscopically it is observed 
th at the larger crystals of the a-form, in this tramfol'mation primarily 
get innumerable cmcks and fissnres; afterwal'ds they change into 
opaque, no longet' normally extinguishing aggl'egations of fine, felty, 
Ol' even broader needJes, whose extinction is almost nOl'mally ol'ientated 
on their Jonger direction ; they can be recognizecI by thei1' weak 
bil'efi'ingence, as weIl as by their low mean l'eti'active incIex: 1,519. 
The microphotographs fig. 7 and 9 may give some impl'ession of 
the aspect of the two modifications between cl'ossed nicols. 

§ 18, It may be expected, that the mentioned tmnsformation­
velocity will possibly be atfected by some catalyse1's or by some 
fluxes in such a way, that it wil! show a discel'llibJe vaille all'eady 
at considerably Jowel' tempel'atul'es. 

lndeed we succeeded in pl'oving, th at on heatillg spodumene-glass 
with molten sodiumtungstate 1) at tempel'atnres between 8500 and 
9200 C., aftel' 32 houI'S a pal'tial crystalliza,tion has begllll, which 
howevel' was complete only aftel' 65 homs of heating. The crystal­
mass had a l'eü'active index of 1,523, and appea1'ed to be no otlter 
tlting tlzan j3-spodumene; the determined specitic weight was at 250 C.: 
d40= 2,579. 

1) The great dlJfel'ence bel\veen the specific gravities of the silicate and the 
molten t~ngstate, makes it necessary to use a platil1l1l1l stirl'er, to bl'Îug the silicale 
fl'om the SUl' face into the molten mass agaiu <tud agaiu This slil'rel' was moved 
by means of a suitable electromotol'-lll'Îven mechanism, 
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We then made slmilar eApel'iments with p-spodumene (of lVIAINE) • 

in a miÀ[ul'e of 20 % 11100a and 80% sodillmmolybdate at tempe­
nt[ure3 below 6500 C.; on heating dllring 122 hOLU'S on temperatllres 
between 5950 and 6050 C., we obtained birefringent aggregates of 
feit)' neeclles of the .8-modification, with often l'ectangular borders. 
The refractive index was 1,527, and while the aggl'egates ofneedles 
did not extinguish in any position between crossed 11icols, the reetan­
gnlal' needIes often showed a nOl'mally orientated extinetion. As in 
the former case, the product had also a pale lilac hue, 

Then we made the same experiment witb a-spodumene (of Rincon); 
it was heated during 88 hoUl's in the same mixtures at 5950 to 
6050 C. The small pieces of the a-form had got opaque and were 
con verted at their borders Ol' totally into the P-modification; the 
ret'l'active index was 1,519. 

More experiments were made, w hich all tallgh t us, th at from 
mol ten magmas, cooled t1l1der manifold val'ied cirenmstances, nevel' 
\Vns al1otlle1' thing pl'oduced, than either spodumene-"glass", Ol' 
P -spodumene; however we did not suceeed in getting t~e a-form 
from dry magmas even a, single time. As devitrification of spodumene­
glass appeal's also nevel' to give another phase than P-spodumene, 
- we are of opiniOll, that it may be cOJlsidel'ed ~s sufficiently 
proved, that the ,B-modification is the only stabie modification bel ow 
the melting poin t. The spod umenes of nature therefore certainl,ll 
call1wt be produeed fi'om dry magmas; they represent metastable 
fOl'ms of the compound, which are very probably generated from 
circulating solutions, th at is hy so-called "hydrothel'mal" synthesis; 
the natural forms of the compound only appeal' to be presel'ved 
uy the enol'mously l'etal'ding factors, whieh pl'ohibited the tl'ansfor­
mation into the more stabIe E-form. Experiments al'e going on, witl~ 
n pUl'pose to pl'odllce tlle a-moditication of' the silicate by su eh 
üydl'othermal synthesis. The l'esults of these experiments wil! be 
diseussed in a following paper, 

§ 19, Finally we can here give some data, cOllcerning the litlli­
wnalll1ninate: LiAl02 • This compound was prepared by heating in 
platinllm cl'uribles the weighed, Hnely grotwd and weIl mixed com­
ponents, ~ lithiumcarbonate being taken instead of Lis 0, - in 
our resistance fumaces once at 9000 C" th en at :1200° C. Aftel' the 
l'esultillg mass had been plllverized, the heating was repeated and 
thebe manipulations l'epeated four times, Analysis of the beautifully 
crystallized, homogeueous mass gave the followiog numbers; 
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11/,0., 
Li,a 

OtwTved : 

76,S'I. 
23,2 ' /, 

26. 

76,9'1. 
23,0 '/, 

Cab,lated : 

77,3 ' , . 
22,7 'I. 

100,0 

Allhough a. ama.1l exteal of Li.O was still pl'eSenl, the s lIbsianee 
C(luld Oe t'(Insidel'ed lIIl pra.clicl\lly pure LiAIO" - the Ill ore 80, 
113 (In healing, a. certain &IOount of Li, IJ alwlloyS volaliliZllll grul,a.ll]. 
A preparation, hea.ted only IhOt ll1 a.t 1600" C, colJtained, M Ma­
lysis ~howed us, nnly 19,34 'I. Li,O IInd 80,6:1 'I. Al,O,; 110 (uriller 
ehange hMi occurred IhlUl Iha' the trystala of the origillal prep&' 
ralion Iwd !JOl ""sch larg". di"'.tnliooII, ",kiie pT"UmTlmg vuir gtM­
ral /wopertiu. AI 1625" C, the 5ublolan!:e atlow8 DO tc&ee of mehing, 
bUi decomposes pal1iaUy, bJ' the "olalibility of the Li,O. Tile pi&­
,inum is strongly &u&eked. LI~O. being forma!, and tbustheaJumi. 
na~ cannol he beated a' higher lemperalUreI, wÎ.hout eh..,ging lts 
comp05ilion. The mellingpoin\ CM Ib lla he hartlly delermined ; lbe 
subl!lance mus\ have been f.hanged " long time before alread.v imo 
Af,O .. witb perbalI! a alight &(\, nidure of !Ome litbiumoxide. Even 
in a "hollow thermoelement", we we...., 110t nble 10 melt the 8ubstance, 
nolwithslanding it heing healed 01]1·10 162~Q c. 

Microsoopically the 1I1u",inat~ ahows large, round·ooRed. heu.gonal 
or octOj\ona.1 ]llales (lig. 12), with 8. relalÎvely high birerrit'gcnee 

til· I!.. 
.D,sWI of Ul.o\itmt4lwMIMU. (X NjOlIi). 
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and high interfel'cnce-colours' between cl'ossed nicols. The refrac­
tive indices were determined to be: n1 = j ,604 ± 0,001; n2 = 
J ,615 ± 0,001 for sodiumlight; the blrefdngence was about: 0,012. -
No axial image could be observed. The specific gravity of the crys­
tals at 25~,1 C. was: d40 = 2,554. 

In a following paper we hope to be able to give an account of 
the formation and the occurrence of the a-modiqcation of the spo­
dumene in natme, and to review the l'esults so far obtained, also 
with respect to their geological significance. 

Lab07'atory f07' Jnol:qanic Cltemistl'y 

Gronin,qen, .May 19:14. 
of t!te University. 

Physiology. - "On t/te sw'vival of isolated malllrJlalian O7'gans 

witlt automatic fanction." By Dl'. E. LAQUEUR. (Comml1nicated 
by Prof. H. J. HAl\IBURGER). 

(Communicaled in the meeting of April 24, 1914). 

When studying the movements of extil'pated -pieces of gut, I was 
stnlck by the following fact: a piece of gut w hieh had contraeted 
for 9 houI's in a Tyrode-soilltion at 37°, to w hieh oxygen had been 
added, and which had been left to itself at I'oom-temperature, began 
to move again the next morning, aftel' being heated and aftel' a 
renewed addition of oxygen. However frequently sueh experiments 
with pieces of gut - in the way suggested by MAGNUS - have 
been carried out by variops investigatol's, yet the possibility of 
keeping the gut alive tor so long a p6l'iod seems to bR nnknown. 

Further researches show, ho\'\"e\'e1', th at tbe automatic movementR 
of such Wieces of gut are of mueh longer dU1'ation than oue day 

\ , 
and one night. The longest pel'iod, as yet observed bJ'i me, runs to 
more than 3 weeks. As many as 21 days aftel' thel death,of tbe 
individual tile 1l10vements of tile piece of gut eould be obsel'verl. 
This time pl'obably exceeds everything hithel'Lo obs,él'ved 'in this 
respect o,n mammalian ol'gans wol'ldng au tomaticall.r. 

We may compal'e with th is, fot' instan('e, how long aftel' thé death 
of the individnal the heart can be made to contract. The heart is 
indeed the onl)' automatic o1'gan, as fal' as I know, on whieh 
expel'iments have been_ ~carl'led . out in thi:t_.dil'ection. KULIABKO, fol' 
instanee. dü;covel'ed that" "when' tlle -heaî{ of a l'abbit, aftel' being 
kept for 4.4 homs aftel' death in an ice-chest, was pel'fused with 
LOCKE'S SOllltioll" c9ntractions again manifested t~elllselves. The heart 


