
$'" - o~b. C)-57
577{\Ol

OF SPOR3 AND POLLIIN·11IVB3'l' I G TI (]IJ OF THlC llIDl:3

3 708.il Sporopoll.ain. fr~ Ta...nit. and the K08COW
brown coal.

Von Fti t. G.tz.ch•• Han. Vicari &: au.taT Scharer.

frOlll
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'fo the product. of natur•• which me.t u. in an apparent13
..ell pre.erTed condition .till to~. a ~o~ time after the death
of the .iDjj;~. indiTidua~. which haTe built th_ up, bean. the membrane.
of ~ 8pore. lnd Po~l.n. In almoet all coa18 and many oi~ .~e. of
quit. different i.olo-ieal ~. the .por. membran•• of th.'plant. axi.tiDjj;
at that tim. can b•••tabliabod. The•• d.licat. 8tructure. haT. b••n
o~~rted comp~et.ly into a f08.i~ min.ral. Ho.-y.r...id.ly di.tribut.d
are the rock. containin~ fo ••il .pore.. a. i ••hown frOlll potr~raphio

in~.ti~ation. carri.d out on the thin 81ic., thin ••ctioo and r.~i.f

m.thod•••till th.r. are only a f.w .uitab~. for the i.olation of the
.por. m.mbran... Sino. it ..a •••tabli.hed in the pr.Tiou. inY.8ti~ation

that the aporopollenin. of recent plant. dif't"er little frOil each
other. .0 "a. this .ame conclu.ion al.o to b. drawn for the extinct
plant ..orld of the pa8t. It ... de.irabl•• th.r.fore, that the .por.
aat.rial mould contai12 only on. kind of .pore. :rurther it wa.
d••ired that the or.akabl. .ton. abould contain a. h~h perc.nt&iO a.
po••ibl. of 8por.ca.... in ord.r to o~rco.. the tr.atment of not too
~r.at quantiti••• probably ..ith difficulty too. of inor~anic or or~anic

acco.panyiDjj; material. B••id•• it .... d.8ired for an .aai.r i80~ation
to ..ork ..ith the moat friable rock obtaiDaol.. Rock. of thi. nature
...re found in an oil ahal. in T.......i. (T....nit.) and i12 a Ru••laD
br01lll ccal in the er diatrict. lthou.h both Kau.tobiolitha
po••••ae4 lUitabla 100•• atructur. y.t there ••1'••till aa-. difficulti••
in K.ttiDjj; fra. it a mat.rial. that ..a. free for aDaly.i•• and uniform.
Th. ~reate.t difficultJf wa. cauaed by thoae .por. caae. that in

on..quence of the pr••lUr. of oTer13iDi rocka ..re bound to~.ther

former13 ..ith principally claY aD4 .l:Dmic ...hria.l ..hich in 1'.wenit.
amounted to onr half, in the br01lll coal to 90$ of tho total quantity
of .pore.. Ju.t _ in the ca8. of the reo.nt Sper•• aDd. Poll.n the
alt.rDat. application of m.chanical &Del ch_1cal ••thod. of clean1Djj;
laM to the ~oal. .li:apecially faYOIlred waa the ••p ration of tb8 .por.
ea... In that in both oa8•• it i. ooao.1'D.d ..ith macroapor by. that
aft uDd.r.toocl .por•• OTer o. t __ 4u..ter diTer~iDjj; frOlll bot_loal.u" into coal. The _t.rial Wa. coara.ly .rouDli iD order to aTold
a••UtA a. pouibl. tbe dl.int~ratioo of th.... and th.n dlYlded by
.iftlDjj; into ,a fin.r and • coar••r part. 1'h. coar••r part contain. the
D4~ed &pore.. Both part. are f'lIrth.r treated ••parat.ly. In

1'awmaJ2it. the ccar••r part contain. lar~. quantiti•• of aand and the
II1II&11.1' proportion of claJ' ..hilat the finer part contain. the matD part
of the olay. fine aand and pounded lIpor. material. 1'h. be.t waa,y to Ket
rid of the 8and ia to -aah with carbon tetrachlorilie. and throup frequ.nt
"WaIIhl of tM claY "ith.~ tft it 1& po••lble to eat.. the o~
t KG nto map.nel The apore _t.rial obtained iD thia 1I&ll out
of both part. 18 .till hlKh 1a aah whiu 18 cauaed principally thr~
the cOD.tltu.nt part. cliDjj;lD8 f~ to .ach oth.r ill COD••qu.nce of
the earth pr••aur. - _ntiOl1_ aboTe. Th. only way to ••par te it i.
to make a ch.mical tr.at-.l of the lIpor••• 111 which th.y are mblllitte4
~o the iD:tlueDce or hydrof'11lorill acid. The ~rai_ of the a.oelated

DOl'lPlDlo _tarial are ao ~r.atly freed throu~h thi. that tha,J

:~~:~cmt~:o:~r:::~:nw:rm~: ::ta earboD tetrachl~rid. and a_a: b.
are extracted with copper oxid. &IDIaOII: 1;l1t. Then the apor. m.mbran••
cellulocl. introdUced thr~h th aolution tor the ••paratioa of t_

• numerOQ8 filterin~ operationa. rcf)\
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and finally for the separation of soluble bitumen with organic
solnnts. In this W&:1 you get ablNt 17% of ropollenin which
represents a minu... figure since in the.working of the greater
proportion of rock material, 10.... are 1neTitable, e.pecially in
the ouring out.

The difficulties of getting pure cspore. fr~ the
oscow brown coal are con.iderably reater than with Taam&nite.

Indeed the main part of the spore. can ea.ily be obtained here alsO.
Through grinding aDd .ieTing. yet the separatiQD froa the inorgaDic
pirts, lI'hicl1 consi.t almo.t exclu.iTely of sand does not cau.e half
a. much trouble aa the .ep- ration from the lmaic coal ~b.tance.
Instead of carbOD tetrachlorite a liquid of 10 er specific graTity
must be cho.en for thi. purpo.e which is obtained through the
addition of carbon di8Ulpmi4e to carbOD tetracl110rite. HoweTer. the
ee tion i. much more Imperfect and muat be repeated more often.
The .porea obtained in thia ~ appear under the '-pifying gla••
• till considerably contaminated with the fir.ly clinging bDaic
material. Fre uent intermittent boiling with alkali aDd acid
remOTe. th_ followed by a subsequent treatment with hydrofbawic
acid aince the .pore. obtained in this waY contain at tho moat 0••%

she But here a solid atractiOD With organic .olTent•• preferably
II!fr1dine. 1a st 111 more important th~ with the spore. of the
Taamanite. The y" amount. to ~.5~. yet it i. hard to giTe the
figure since we haTe worked with only suitable pieces rich in .pore••
PreTioualy it was mentioned that foaail .pwopollenin i. Tery far
.pread. a••h01lll by coal-petrographic inTe.tigation. )'rOil the great
power of real.tance of the IIICMlern ClIticular sub.tance. Spcaopollenin
aDd cutin. to the 1II0.t nUII.rOlD. ch.mical influence•• it i. Dot
~riaing that th... aub.tancea ha~ offe~ considerable re.i.tance
to.~ ~locbemic&l and g••chemical .ection. Which are connected with
the formation of --.ropelic material and coal. ~heir recognitiOD
dapeDll. certainly le•• on ehemioal reaction. tbaD 011 the shape
of the CUticule. and .pore caa.. preserTed in spite of all the
influence••0 that the latter are called .imply fo••il .pore. and
Pollen. although not more than OD con.tituent part who•• forll Call
be definitely recogni.ed has remained pre••rTed.

001

:By Tirtue of lI1erochemiO&1 reaction. ODe eTieu.ly
tau for granted that the mear.... of the apero. i ••till cOIIPletely
uncbsnged. since it giTes the reac'lieu. of tho lIIodern catiaular
INbstancea. The reaction with ctrllcentrated chromic aci4, cODceutrated
aulpllllric acid, ainc-chloride-lel11Be, Pota••ium ari-l.u••olution.
aDd the colour reactien. with aeatiu, Tiolet, 4&D 3 - .affOD,

thro.in and Chler~ll aobatioD, and concentrated potaall lye almo.t
corre.ponds to that of the modena .polloniD. no inTeatigati••
on the modern S}le.ropol:WniBa haft already sholll1 that the maiDteaance
of the ahape alono giTes no proof t the ~tabil1ty of the fdail
ape na. So we haTe talcea for uampl& a aorie. of br :1:1011. and
wbaequent debr.......tloa. thrOU&ll ta*~ _d otter beiDg treated
three tille. during which trea ent the ater Part of the IJeopodilim

was di••olTed, ~e outer shape as still ca-pletely pre-
se only the pale yellow colour -.. changed toward. brollD.

were aulpll..ted llen1D. of Ji;Je podi_ aIld Pimaa pre-
~ whiell remained inachib:W .ad kept their ahape in .pite of the

dr_tic treatment 8Dcl opportuait,J fe.r aal.t formaticm. In .pite of the
re.i. Dature pawer of the opolleniDa it __ .carcely probable
that the countle•• ch_ical influence. durillg the formation of coal
and _propelic matter lIaft b-.n with_t any influence on tbe
~~len1B, '1'0 diaaoTer t ,e iDtenaity eDCl ultt_te effect U' th••e

ence•• it could be attempted _ly throagh compari.aD of the to.sil
porspolleniD with recent .pollenin. inee .por•• of the

lllanite cannot be correlated by the _tuiata With certaiDit 'f~-
;::'~::ilJlallt - name the foa.il olleDin atter the miner:l 0

specie. BO~O:=" tr_ the. a. w di.trict are a ••igned to the
Sll pol1eDiD (Both ~~..w~.=..there:f re, 0&11 the .eco. :fo.aU

• raY~r~. '1'aa-.ain 18 obt "Ded -~
of "paration in the shape of br a1 ... ~er -thad
cases of about 0.5 _ t 11III. d1 ight re4br01ll1iall. tran.parent .pore
Ca... ahow the shape of flat .. or. Under the lIIicroecGpe the lIl1d... d

, pre&aed together diac. or ~e
a -ooth surface
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which ia rnost~~ more or ~ess creased o~in to the conso~idating

pressure of the rock. But a reat~rt appears in the ahape of
lar e fragments. The substance is free of sUlphur and ~itro en.
B throdendrin when dr~ is of bright brown colour, unpol~ahed and
opaque, but When moist is dark brown. The undamaged apore cases
sho low magn11'ication the shape of a flat, preased together semi­
apherical for Whose base-forms a tetrahe ~on~ They haTe, on,
an aTer~ge a diameter of 2 ma. Bothrodendr~n ~s free of nitrooen but
contains a ryin- quantit~ of aUlphur. From numerous piecea of
coal we haTe obtained fosail Sp ~ollenin with 0.1 - O.~ sulphur,
from others Sporopollenin with 2 - ~. aulphur. Since the Moscow
brown coal is Ter~ rico in sUlphur, the aulphur might be considered
ith aafety to haTe been abe Tled during the coal formation; the

Tariable quant i ty of su lphur supports this Tie... Therefo:r:e...e
may ne lect this quantit~. It sho..a further that eTen 'tIna me ,brane
substance which is so resistant i. chemically changeable. This
TUlcanized 3poropollenin is al•• much more brittle thaD the
TUlII8Dia (..hich ha. no su lphur). The reaction to heat is,
.n the other nand, in tne case of both fossil Speropollenins like
that of the recent ~copodium-Sporonins,whilst at 200 degr es
an eTolution of water is noticeable, which in Tasmania aeems to be
lesaer than in Bethredendrin, and OTer 300 de rees With the
appearance of a br.... distillate and a smell characteristic f r
each fossil SporeD1D decompositiaa occur. to a dark bitumen.
Those colour re.ct1ona of the recent Sporopollenins obtaine4 with
concentrated sulphuric acid are not giTen since the yellow col~rin~
materials ~iTing these re~ctions a.re altered Tory qUickly frgm the
material of the Speropollenine during the ca:rb.naati • "Ten
though of recent origin Spor_embranes separated from peat iTa
Tery seldom one of these col r reactions. How qu.ic.cly this
colouring material part ia changed ia already shown by the reaction
of the recent Sper pollenin. in beiling in 1acial acetic acid
whereby those which gaTe colcmr reactions with concentrated sulphuric
acid were colQured dark: brown. BUt a.na1~tically a change VIa. not
established. With longer standing or ith heating in concentrated
sulphuric acid or phosphoric acid Taamanin and Bothrodendrin are
likewise coloured dark: brown like the recent Sp rGpollenine. By
Tirtue of analysing _ can by accepting the elllpirical fllrmula
established for the recent Sporppollenins come to the formula for
T&8manin : Cqo H'~6 017 aDd for Barthrodendrin, whereby we neglect
for the pres~nt tl1e tr1Tial quantity of aUlphur, to the formula
090 H12Q 021· Enn in this foas11 Sporopall.enin a part of the
aet3gen Was left through acetYlatian atill as CU species, and eTen in
Taamanin 2 H;Jdraxyl gr pa and in B throdendrin 9 Hydroxyl 6r ps; s
that the aboementi neca fu.ulae can be resolTed inte
°90 H134 015 ((!l)2 for Tasmanin and 090 H111 012 (<11)9 f
Berthrodendrin. If ana puts these formulae opposite. to that of the
IJc podiua SpereD1n: 090 H142 ~1 er 1:90 H121 012 (J{h5
a there ill shown a INrprilling~ clOlle relatianship in quite
characteristic changes. ~he oxygen (perhaps eiher-axygen) n.t _
mere close~ specified by us preTi8Ua~ hall apparently remained
Unchanged threugh bie and ell-chemical influenoell. The cha~e.
extend to the ~clregen and the H,YdrQXJl grggpa. Both foa.il
~Gp 11enins lIhow a lessened HydrQXJl and hydr~en content. Yet
the re lat i n of Tasmanin to B throdendrin is c_pletel.7 reTerse.
Tasmanin haa .ere (HydrQXyl) and 141•• ~dregen. BethrGdendrin
less Hydroxyl and ~ery much more hydrogen. The c use of these
ph8'Dornena will haTe ~o be sought in the histor~ of the deTeupllent
of botD~uat.~lditbaTasmanite and brown coal. Taamanite i. a
Sapropel~th w.h~ch 0 es its existence to the intensiT8 reducing
precesses of the decomp lIing Jald. ADd s essentially the Hydrexyl
groupa haTe be8'D reduced te ~drog8'D ato... uite difrerently
formed ar7 the relatiena perhaps reactions during the oarbeosatian.
Oarbon~at~an stands out also in the example of the Bothrodendrin as
a parh:Ular~ deb~drogenating process.. The loss of the Hydroxyl
greups ~s to be traced back to the de.hydr ting orcess. 30thr d d.
~s~t~~~ew~UDa :~r~ted char cter, T~smanin a saturated one. °T:~ r~n
acid can serTe~ p;~ii.a.. ~~t~n a.::ong W~i~h e faT ur tumin nitric
of the tnree S oropollenin are set aSid: :f~red bottle samples
nitrio acid Lyc odium-Spar' Sllexcess or fumin

on~ ~s dis.olTed at room temperature



\

after 12 hours. BothrodeDdrin 24-30 hours. but Tasmanin is dissolved
on13 after 3 wee s. It remains 11ke paraffin. The ;,Ioint. of at.tack
of the oxidising rocess seems to lie in the free HYdrQXJ1-groups.
It should be expected that BothrplndrlD auld be diuolTed. more
quickly than L3 pod1 poroniD yet the preTiously mentioned ~rimarY

rocesses of reduction. d~drosenation and dehydration ma.Y ive
rise to secondary Cha.D6es aa for exam le cyclisatian. ~hich as a
final result cause a ere .ter resistance to oxidation in the c se of
the Bothrodendrin than in the case of Lycopodium-Sporonin. are
occupied ith the ex lanation of these im ortant race..... aDd we
hope to ~et further insi~t into the fossilisation process of or .alc
matter in the above described way i.e. through the separation of the
clean fossil Sparopollenine from the numerous Kaustoblolitha and
their comparison with the recent Sporopollenins. The atill
surprisingly high HydrQXJI: content of the Bothrodendrin may
also be explained by the fact that the Moscow coal not been buried
at a reat depth in spite of its reat age nd. therefore. the
deh3dration like carboni~tion in general has not pro~ressed

very mu~ since the influence of a hi er temperature. caused througn
• h~ pressure of rock masses as lac' in60 For the donation of
the valua.ble bro\ID coal we heartily thank the Prussia.n Geol.o ieal
Institution in Berl.in a.nd especially the Principal 0 Bennhold.
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770g. ~asm' nite were ~ulverised with a hammer and ~round in a
coffee mill. The bribht brown powder was boiled ith 51 disti~led
water for several hours and filtered. The weaK yellow filtrate was
evaporated. There were obtained 12g•• l.op of a residue consisting
mainly of colourless crystals. whiah on beiD6 completely dried turned
brown and ave out a caramel smell. The reaidue aTe ositive K: and
ne ative P04. - ions reactlons. The rock powder of the
stone was dried and passed through a hair sieTe. The 1'iner art I
in the wei-ht of 4226. went through, whilst the co rser rt II with
a weight of 324g. remained behind. Now both parts were separated and
put into carbon tetraDhlorU... After longer standi tne part fi-oating
on top as skimmed. ter dryin do g ms of spores from rt I were
obtained and 110 grams from Part II (1" rt I ). The reaiaue from
Part I consisted almos~ exclusively of sand and appeared so oor ~n

spores under the microscope that a further treatment vas not wo~ While.
The residue from Part II of the wei~t af 210g. (p rt lIB). was very
rich in cla7 and still contained plentiful spore.. Now ch part was put
into hydrorluoric acid for the removal of the silicic acid and for the
freeing of the claY. Since strong heatin follo ed in consequence of the
high quantity of silicic acid, the materiaL s slowly dded in ortion.
The lead vessels were cooled during this operation by lacing in ice.
There was so much hydrorluoric acid sed that a thin" lp resulted. TheD
it ms left st!lnding well shut up ! or daYs, soaked aft through
filter liDen, ashed at fir8t with hydrofluoric acid then with concentrated
hydrochloric acid and finally aahed several times ith boiling water.

ow the spores were boiled in a porcelaiD basin for half an hour several
times with 10 pot sh lye and filtered until the .reviously yellow
filtrate was colourless. Then the soap ~shing followed, whilst the spores
were shaken vigorously for a lon er tbne With the 30 fold quantity of
a arm 15 soft soap solut ion in a largdrlenmeyer flask. fter a short
standing of the obUquely pl ced flask the soapy solution, mudcl.J th:rou~

the suspended clay, as decanted from the settled spores by a raduaL
tilt ins or the vessel. and this treatment With soap was repeated until
the aoa y water no loneer a peared muddy. This 0 eration can be -reatly
simplified for the coarser Part II hich contains the undamaged oapores,
whilst the s ores. are freed with the help of a sieve rrom the impjrities
instead of being left to settle and poured off after the daking with soapy
w ter. Then the spores were repeatedly waShed in this way with the
hot water ?lhich was weak:ly acidulated wi'th hydrochloric acid in the
last washing, and drained. 'lhilst the quantity of ash in the sporemembrane.
from Part I after this method or treatment amounted to O.t - o. •
in the Parts IIA and B. it amounted to 2.S;. In order to reduce this
to under 1 • the whole of the 0 eration fra. the trea'tment with
hydrorl1l~ic acid oDWards must be repeated. For tne complete removal of
the oil b~tumen, so far as it had not already dissolved in the carbon
tetr~chloride, the alkali lye or the soa y vater, the spores were
submltted to a treat~ent ith or anic solvents. To this end they were
extracted for a lon time in turns with alcohol, ether biaulphide of
carbon and IJndine with the aid of he 't on the waterbath until the fi~tratee
remained clear~ Then for the rernov:l of the Pyndine they were washed
free of acid W1th llacial acetic acid to which some hydrochloric
acid was a ded and then With hot water, Whereby one alWays let this take
effect for a longer time before each filtration. Since, in consequence
of the numerous filtrations. the ~apollenin obtained in this ay
appe red eatly polluted throU6h the filter paper fluff, so it was
put into a 20 f quantity of copper tetr~n hydrax,yd solution and
;eft to stand for 2 days amid frequent shaking. In order to avoid ren-

pollution ith cellulode the spore cases were now Jrained off
throuZh a lass filter c~cible, washed several times ith 24 ammonia
and left to stand for 2 days wi'th diluted hydrochloric acid. 'NoW they were

e4 free or acid and boiled first with alcohol then ith eth d
dried in the air, tlen in the vacuum apparatus at 100 d~ er, an
~~ iiBb5~~:a~,of Sporopollenin were obtained, from Part

e
;-. 3~romaDd

• ~•• ~ all 1J8G. • 1~ of th . i /' •
represents only" fraction since th e orl nal material. This yield
pouring off of the soapy extract. (~t~ere) unavoidable losses due to

OD. You shOUld know that the
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coarse art containin the s.ore shins undama~ed for the ~re test
~art al ys has a hi~her ~uantity of s, since tne im~urities
found in t.e interior of the. ores re never co.~letely removed.
test under the icroscope ID101S this immediately.

ear nce and .. Hjer 1 ,ro. erties of Tasmanin are alrea.dy
descri~d BOOve: '[':.e acetulation and· determination of the u ntity
of cetyl was deter ined s in tLe case of Lyco",odium-3 cremin

rchefrei •
Verbrauchten" used u •

(see a",e 76).

J"aben • ~ave

Bothrodenu.rin.

unci .. and.

3Xtraction of Bothrodendrin from ]~OSCO\1 Bro> n Coal.

200 r ms of se lected iecea of air-dried • OSCO\1 brow
coal, rich in s Drea, ere reduced 'to small. pieces \ i th ha=er
and then coarsely ~round in a coffee ill. The roduct 'as then
dividediDto t~o ortions by siftin. BY this means the finer portion I
Was relatively poor in spores. Each portion as then put through
the folIo in 0 erations se~arately. ~

In the first place the crushed sample las transferred to a wide
beaker and covered with carbon tetrachloride. Carbon disulphide was
careful1Y added ith constant stirriD6. till on allo iDb to stand a
separatl$n of the solid ~ortion into two layers took lace. This
required a quantity of carbon disulphide equal to about t that of the
carbon tetrachloride used. The upper Idyer containing the spores was
skimmed off. and subjected to the same treatment several times, until
no further separation waa obtained.

Next the sore e branes were war.ed re eatedly with pyridine
on the \l ter bath and filtered, until the filtrate w s colourl.ess.
To remOTe the ~yridine the sporecases were all.owed to stand in
frequently renewed dilute hYdrochl.oric acid for several days and
likewise were washed free from acid with water by actually more ¥rolonged
treatment. The material purified in this way was now digested with
500 ccs. of 1~ KOff solution for several hours, allowed to settl.e, and
by careful decantation was freed from the dark brown turbid lye. This
treatment was repeated aO!:ain and again until the lye was only yellowish.
The residue of spores w~s then digested for two hours with half a lit~
of 10 HQL, filtered and a ain digested With lye.

After pouring off the lye, the s~ores were washed \lith Soap.
They were briskly shaken for some time with 5'0 times their volume or
a warm 1~ soft soa~ solution in an rlenmeyer flask. ter 11oNin~
the flask to stand for a short time in an inclined position, the soap­
lye, which had beoome muddy awiD6 to small particles of coal, was
decanted from the settled s ares by gently inclining the flaak, and
this treatment With soap Waa repeated until the .oapy water appeared no
longer turbid. The spores were then transferred to a sieve and again
wamed with soap solution on this•

• inally the spore cases were washed Wi~ hot ater, Which for
the final. washinO!: was acidified with CL. 'Ih&n the spores were now
examined under a lens, it was notioed, that no dark earthy substance
adhered to the spore-particles which were obtained from portion I,
whereas the unbroken spore-cases or portion II still showed spares to
whioh dark fragments adhered. further re etition of the whole
purification. process, diminished these dherin~ .articles qUite noticeably,
however, the~r complete removal wa.s not attained. artion of th
sp~~es .was purified bY, sorting out under the lens, in order to obt::: them
~~ie;a~:~ii~no~r~~r,nowever, to aUain the object more conveniently, the

e Spores. after drYiD6, was reduced to a fine powder
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