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INTRCMUCTION

The development of = new toocl that would be ¢rpable of apeed-
ing up the elucidetion of the composition of lignin, the amor;hous dind-
ing component of woody tiscuee, should be of particular vslue in the
preesent stnpe of active bul inconclusive reserrch on the subject, It
wap with this viewyoint that the present investigation of the infrared

spectrum of lignin wss undertzken,

The bagic theory of infrared s:ectrowcopLy is discussed in
another sactinn, 4t this point, it &e sufficlent to esy that the infra-
red cnectrum of &n orgenic compountd may be eonridered ite most informa-
tive physicrl property; the infrared spectrum offers 2 chearacteristic
finparprint,” raverling the presence of functisnel proups, end afford-
ing » merne of eneily following wany chermicsl reszctinne of r compound,
This property ie particulsrly walusble with a materirl such as lignin,
where the ususl phyeicrl messurements, such ss melting point, crystal-

line structure, etc., crnnot be =jplied,

In epite of the extensive and, in many csserx, brilliant chem-
icsl work on lirnin, very little ir known with certainty about its
structure. The source #2nd mechaniex of its formetion in wood is unknown,
fltheurh 4t ylelds zromstic decomgositiop sraducts, some workers claim
thst the m»terisl in the wood is nonaromertic, It is not known whether
the materiel, if = houwopeneous com.cund, 4s & ;olyrper of eim le re eat-

ins units or # comilex hirh moleculsr weirht compound of warying duild-



ing «toree. Thaere ia auca dubate 2n to Lhe meture nnd progcorsicn of
such furcti-rel grougs re hycroxzyl =nd cerbonyl., It is Lelieved by

rany that the naterisl ix chesfconlly cuanged by rny rethod of imoletion.

with this brelground, 1t could not be hoged thet s study of
the infrared s.ectrs of lignin prejarationa, ae informative me it xight
be, would jositively clerify these uncertmintiea, It could be ho.ed,
howavar, that such B atudy wauld offer clues $o the answerr of » number
of thewe auestions tast cculd be followed by intensive correisted chem-

fe»l and s-ectrogrs hlc studies,

‘g the primary meterisl for this study, %rauns' native scruce
1ignin (1) wae selected, This preprration rejressnte the closest »p-~
pronch that hag deen made to the izolstion of lirnin without chemical
change, deing oxtructed by cold neutral ralvents {sthyl alcolol or
dioxane) from the wood, It hae been frend of forelyn matter by cure-
fully stenderdized methods, snd hre been extensivaly cuarncterised
chenicnlly., 1lte chief wariness ia the frct that it represente less than
ten per cent of the totsl lignin in the wond, whether the fneolubility |
of the remninder ie due to & hirher moleculsr welght or to s chericel

linkap~ with inenluble components of the woof is not inown,

The present work coveras the following points:

1., Tevelopment of tecnniques far nbtsining the spectrs of
#0luble snd inscluble lignin preparations

?. Interpretatinonm of the spactrr obtrined on the drsis of
establirhed aheor ti-n band-functizrel eroup ralsticnships

3. vxtermion »f such interpretation thrauph srectrsl chanees



in lignin derivatives

I, Compnrison of the spectrum of netlve spruce lisnin with

the spectra of lirnin prejarntins ieclated dy other methods

5. Teterminertion of the spectra of a large number of com-
pounds of known structure thst mry be considered relzted to or model
compounds for lignin

6. Tetermination of the spectre of ¢ froup of natural asor-

phous meterinls for compsrison with the lignin spectrum

As & breorpround for this investigation, it was considered de-
sirable to evelumte the prior spectrogrsphic work in the field, Xo
previous pudlished date on the 1hfrared spectra of lignin preprrations
has been found. An extensive amount of work on the.ultraviolet AbROYp-
tion zpectrum exists, An analysie of this work is given in the Appendix,
No orgrnized attempt to interpret the visidle spectrum of lignin cen
be found, althourh the wide varimtions in color of wvarious preparations

and fractions indicates sipnificant chromophoric variations,



BAGFORCTED OF IRFRMT CHVLEICAL £ PHCTRGSCUPY

The fundruentsl principles of infrared spectrochemistry are
thoroughly tresrted in a number of texts #nd reviews (2-15). Rether
then attempt to digest there works, it appears desirable to jresent &
penersl picture of the significance of the infrared spectrum and to

follow this with & deteriled study of ite apprlicetion to chemicsl struc-

ture,

The first point to be brought out is thet there ie nothing
unique about infrered redietion, The electromsgnetic s ectrur, which
pt one end embraces the high freyuency-hirh energy cosmic rays, mnoves
propressively through gemnmg rays, Xx-reye, ultreviolet end visible light,
end infrared radiztion to the relatively low frequency-low energy radio
waveg, Those sections of the siectrum thet have been identified by
names Are purely arbitrary divisioms srising from distinctions in the
wethods of generation and detection rsther than from any beric chysicel

discontinuity of the rrdietion itself,

The frequency and energy content of the yrimsry radistion
emitted from 8n excited erseour source is a function of the nature of
the emitting meterisl, This frct forme the basis of the field of emis-
#ion spectroscopy which hea found important npplications in metnllurpy,

sstronoxy, inorganic snalyeis, eotc,

In the field of orpgrnic chemistry, however, it is obvious that
an orprnic comyound cannot be hented to incandescence or made to give

of f a etenificent emount of rsdiant energy without being destroyed in
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the process, It is necerssry, therefore, to neke use of & basic physi-
cel law which states that a physical structure thet will emit radiant
enersy of & piven frequency will elso absord energy of that frequency.
Chexnicel spectroscopy might then be defined as the anslysis of the rele-
tion between messured absor.tion of redisnt energy end stomic or molec-
ular structure, The mechrnisn of edbsorption involves the transfer of
enerey from the rrdiating source, througrh resonant vidration of electronic,
atonic, or molseculer units, to diseizstion in the form of hert, re-
eniseion at & different freguency, or chemicel chenge, 7 piven organic
compound, if expored to continusue electromspnetic radiation, mirsht

show strong absorition in the ultraviolet reslion associnted with ehifte
in electronic energy levela in the structure; mirht appesr strongly
colored in the narrow band of visible radiation because of resonant
absor;tion within so-crlled chromoghoric groupe; and it certainly weuld
show 2 charscteristic adscrption pattern in the infrared resion rs a

raesult of reronsnt vibration of atogic snd moleculer groups,

It is thie chrese--resonsnt vivration of atomic #nd molecular
rrou s--that holds the key to the imuortance of infrered spectroscoypy
in organic chemistry. %t least in so far ss chemicnl epectroscopy ie
concerned, an_excellent anglogy exicte between the microstructure of
two or morc atoms held together in a chexicnl group snd s macrostructure
of metal balls elastichlly Joired by syringe snd & source of friction.
If the =irqglest ¢ree of two belle of éifferent regs connected by e
snringe ie considered, it is recornized that an splied vibrationcsl force
will set the brlle in vihration ond thet, if the frecuency of agulicstion

of the externnl force is varied cortinuounly, a fraguency will ve found
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that corresponds {0 the netural fraquency of the tnes-syring system,
¢ this freaguency the amplitude of vibration of the system will be
gharcly incre:xsed nnd the npplted energy will be utilized in maintain.
fog the amplifiad votion; in other worde, the system is in rosonance.
The mnrges $nvelved and the etren~th of the elastic bond nre the deter-
pining varinhbles as regords the value of this resonant frequency. 1If,
in hoth the tscro and stomic syetew, theee quantitiem nre precisely
¥nown, the reeonmnt frecuencies can be wnthemeticslly predicted. Tuch
mathepaticrl preciction of sbsurption spectra 4e not e yet Losmeidle
fn nny but the sipjplest or scet symetricnl moleculer, so thst {4 is
necesrrry in poing beyond thie pcint to rely viom enpiricrlly eetad-

licked fundementrl rchnorition freguercies of spscific chewlesl grougs,

The importence of the infrared region has not dbeen newly dis-
covered, <[he fect thnt cherecterietic adsorption bends of orgrnic
sroupe 51l in thie reglon hes been recornized for st least fifty years,
The resson for the current gur;e of activity is the fnct that it is
only within the prrt ten yesrs that e¢lectronic amplifieation metlhods
have baen ceveloped to the pecint that sxtensive use of the sethod 4t at
8ll yracticel. The Ferkin-ilmer inrtrusent that i being used in the
prazent vork, for exrmgle, gives o continuous chert record of the energy
raceived by £ vacuum thermocouple with /& ten-inch syrerc between complete
abgor:tion and 100 per cent trensmission theat ie equivalent to only
one-qunrter microvolt or » difference of only » few thoursndthe of a

fegree Centirrsde in therrocousle tempersture.

The 2p;1icrtion of infrrred sanslyeis to .robleme of chermicel

structure Lias alsoc been neceersrily rlow hecrure of the emiiricrl breis
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of the relationship. This hoe neacessritsnted the sccumulation of agectra
for » rreat number of com;nunds of erch cless before reliedle rules of
abrorption band-chewicrl group correlations could be coneidered estrb-
l1iched., Fowever, much work wae dbegun about 1930 »nd hes develoyed so
rriidly that it i now posrible to mscemdble correlstion tsbles, such as
thet of ¥illiaws (11), showing the normel sbsorption frequency of &
grart number of orgenic groups. Unfortunstely, no one has as yet pub-
lished an annlysis of the work on which such charte and tables nrre
based, showing the sources of the data presented, the nuwbder of com-
pounds of each tyue investigrted, the relative certainty of the rela-
tionships estadlishad, etc., ¢t this point it seens deslraﬁle to
coneider individuslly the carbon, hyirogen, oxygen groupe of interest
in the prerent study in some detail, Only those bands within the sor-
tlon.of the fundemental vibration resion eccessible to the sediunm

chloride priss will be considered here.

HY " WOYYL

Ali;hatic end aromatic hy‘roxyl compounde have received »
grert desl of attention becnuee of the importence of the hytroxyl bsnd
in relrtion to hydrogzen donding. In the gasenus etate or in dilute
solutions, simple alcohols show & sherp fundamentel (-I band at about
3650 cm.-l. In concentrsted solutione or in the liguid or solid state,
the hydroxyl bend shifts to lowar frequency and 1e drondened, IThis
thenomenon is jserhage the morst direct demonrtration of hydroren bending.
The thenry involved ix that the sharing of the hyiroren nucleus (proton)

dDetwaen two rcetive oxyereneg (or other strongly electronegntive centers)



has the sffect of decreasing ths force constmant of the hydropen hond
betwesn the proton and the hydroxyl oxyren that exists in 2 “"free
hydrnxyl," The lower force conetant rasults in resonent vibration at

lower frequency,

The work of Hilbert (16), “rrera (17-19), Gordy (20), and
Fox (21) has been particulerly important in this field. It has been
ehown that, if the hydrogen bond is intersolecular, dilution of the
gubetence in 2n inactive solvent brerks the dond, and the free hydroxyl
band at 3650 cn.“l increnses in intensity with dilution (concentration
x sbeorption path being held constant) (1]). If the hydrogen bond ie
intremcleculsr, #8 in chelstion, dilution doeos not break the bond‘(gg).

1f ascocistion with the solvent 4z involved, hertine will bresk the

bond (1£).

“ith the sodium chloride prism, it is not jossible to differ-
entiste detween nliphstic, phrrnlic, or prisnry, secondsry, sn? tertisry

hydroxyl brnds in this resion,

CALARO N YTROOYR

Foseibly more work hes heen done on cerbon-hydroren stretching
snd bending freguencies than any other linvage s # reeult of ite im-
portrnce in hydrocerbon snmlysie, Aromatic snd slirhotic (-H bande are
found in the rorion 3200-2800 cn.'l. Pioneer work in this range was
done by Bonino (g}). who shovad that gepsrate dands eould be distin-

puirhed depending upon the satureétion or ty ;e of sudbstitution., Such

resolution is limited dy the xodium chloride urism, (ther workere hnave
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shown 2 similar Aifferentirtion in the nydrogen bending region (1550-

1350 em. ™) (1).

CAR:(N=CARLON

Although & saturated all hatic structure ie 1dentified through
carbon-hydropen bende, the rromatic ring linksye introduces two chsrac-
teristic bends at 1600 cm.-l and 1500 cm.-l (1), 2nd bnnds in the less
spacific resion belew 1200 cm.-l mey be troced to the type of aromatic

subetitution,

The aliphatic double bond has & fundementsl atretchtnk band
rt 1650-1560 cn.‘l (the frequency bdeing toward the lower limit in the
cnze of conjugntion) (7). 7Thie te accomﬁanied.by & get of brnds in the
region 1000-8%5 cm.‘l that veries with the tyoe of subetitution (?Gﬁ:ﬁﬂé.
RCHICHR, etc.). Theee bends have been found perticulsrly useful in

following addition polyrerization remctions (24),

CARHONS(XYORR

The carbonyl group introduces & strong fundemental band in
the ranpe 1850-1550 em. >, its exact vosition being & close function of
the type of linksre (mcid, oster, eldehyce, etc.) (25). +ith each type,
variations in ali:hatic or phenyl subetitution will cruse soume shifting
(§§72§). “nolizatlon of an sldeliyde or “eto group cruses no change in
the crrbonyl absor:tion bend and no A parent hycdroxyl band is obrerved
(22Y, This lack of aypgerrance of hydroxyl dsnds mRy simply Ye & cnane

L.

of strong hycropen bonding in which the hydroxyl brmd &z mersad with



-1t bands (29).

"4 - linksme wharas the crrden 18 unarturated haz a band
detwaen 1250 and 1200 cm, -, #n evidenced by esters =2nd aromatic others,
If the cardon rtom 18 sAtursted, this bend is 8t & lower frejuency, as
in alichatic ethere, near 1100 on.”* * (7).

In nddition to the relatively specific bends discusred abave,
many bands are lirely to ap.enr in & spectrum thnt are elther narmonics
of these, or other fundamental bsnds, or srs cherncteristic of some
feature of moleculnr structure., Fuch "molecular hends” are perticulsrly
likely to appear below 140N cm.'l. % phenomenon of particuler interest
and importsnce in the praesent etudy is the reletive einglicity of the
spectrr of polymeric substences mg compered with sim:le eryetalline or
liquid compounde, This 4s eccounted for by Thomison (36) on the folliow-
ing hreig:

“|In complex molecules j the changes of moleculsr dipole moment
agmocinted with the different vibrations will vary congidersbly and in
congequence rome vibratione nre etrongly excited in the infrered, others
wore warkly, snd eome so feebly =g to escape detection, ‘lso, with com-
Flex molecuies built up from recurrins groups, there is often a Al i
ficntion of the spectrum ag a whole, -ni while the raectrs of many
macrorcleculas remain complex and not fully intergreteble in terms of

vibrational assirnmment, others are even simpler in generrl 8y enrance
then the spectra of those conteoinines only hrlf a dozen ntoms, "



VYPRRIVENTAL VO UIPEFVAT ANT RATINCTE

The instrument em.loyed in this work wns & FPerkin-lmer
¥odel 12-5 infrared egectrometer, with = Genaral otors brerker type
anplifier end & Lirown strip chert recorder, The reeclving power of the
inetrurent msy de expreeesad by the fect that the L2 microg carbon dio-
xide hnnd cnn be seusrsted into & doublet sné that the fine structure
for wrter wnp.or aAnd srnonis was saimost identicrl with thrt obtrined
with the Cetjen ¥ro and Rendall spectrometer (31). These suthors' curvee
for the two erses mentioned and for crrbon dioxide were used in cali-
brating the fresuency scale from 3800 to 720 cm.“l. The frequency of
sharp brnds could be reuroduced with an accuracy of 2 cm.-l from 720

1 and of 20 t’m."1 from 2000 to 3800 cm.-l. Atmosheric

to 2000 em.”
freguency st:ndsrds vere used in every run snd were checked for constan-

cy of cslidbration,

“he globsr source was ojerated et 200 watts, . constant sen-
sitivity of sne microvolt full-somle wns used, And actuzl slit-widthe

1

were varied stepwire from ebout 7,6 mr, at TON ca, " to 0.035 mm, at

3igon cm.-l

. % glass shutter war used froms 700 to 1600 cm.‘l to mini-
miza the effects of rtray rrdiation, ~ecording speed was adjusted to

e£llov rdejurte rerponse tiwe for the thermacouple,

The instrupent wes locrt-d in » room naintained ot 80° ¥, and
below 30 per cent relative huridity. Tishes of modium hydroxide in the
o;ticrl housing further raduced water vapor snd cerbon dioxi‘e in the
prth, Tageera of “Ary nitropen throusrh the hourinem wes found to eive
little additiconnl refuction in stmasrcheric handg, and ita ure wae discon-

tinued,
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The percentnge of trongxissivn wos crlculnted s tas ratlo of
the recorded s-nple o brekyround energy curves, .enunl com.utabion
wht Taseanably £AEt nnd accurrie exce.t for the 2000 to 1207 cn.’l water
vapor repgion. 7o meke possible the rccurste determinmstlon of wenk beonds

in tiie soction, & mechsonicrl com.uter wra devieed,

This camputer wes eimply ¢ modiffestinn of the I.7.C. mech-
snicnl inteprstor, described dy ¥an den ‘kker (22). The eimilar tri-
angle deeirn of the integrator is such that the positioning of félloverl
attached to two parallel roéds A snd K (Fizure 2, above refersnce) on
the y walues of any two 10-1inch charts mounted on 2 travelins tsble
produces » disglrcement of & third perallel rod :: eaual to xA.za/EO
inches, Ir thie modlificrtion, # derdwairnt londed wire wrs fixed ts rod
¥, pAsred to the repr mnd around & 2F multi;lying culley, And lad for-
word serose iha troveling tsble persllel snd a'jreent to red i with

» foliowing berd positicned over the chart.

To use the computer, the s.ectirozeter recaordings of open
prth, I, eand “eample in," I, enerpies were superimgosed, ‘ nectlon
of such = chart was jlaced on the traveiing tsbdle with followerse 2 and
M adjusted to corres_onding 20 end I flducisry marie, &nd » y1ain gheet
of pnuer, ruled with base rnc fi“uciery lines, plsced under & pen at-
tached %o follower ¢, :¢ the I, #nd I curves were followed on the moving
tadble, the pen then drew the trenssittence curve, I x gjzo. By this

method wenk brnde in the weter vrpor resion could be locrted with zmuch

grerter certrinty then by manunl comqutstion,

In the present study, 1t wns desirsd to obtrin quolitetive
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absorption spectra for liquids, crystnlline solids, and soluble and
ingoluble amorphous materials, Seversl different tecunijues were re-
gquired to hendle this saaple ranpe, Voletile lijuide wers run in ealt
plste cells senled with amelrrmeted lend spacers, Honvolatile liguids
were run ar crpillery filme between sslt plates, with the clmuping pres-
sure adjusted to give ap roximstely 10 per cent transszission for the

strongest abeorption bends,

Somewhat speciml techniques weres worked out for prepsration
of lirnin eenyles, The most sutiefnctory method for soluble lignin
pragarations wag found to be the formation of ewvm.ormted films on ealt
plates., Tioxane is the most useful smolvent for native lismin, but
dioxsane solutions gave very poor resulte Lecause of the high interfacirl
teneion betwueen the dloxane solution and the grlt, It was found, how-
ever, that by filling & shallow cuy cop.rised of a metal ring snd salt
plete with absolute ethyl alcohol, adcing e esull uroportion of dioxsne
sclution, and allowing evnporation to take plnce elowly, the lignin was
deposited ss n strongly sdherent cleer film, The films thus pregared
were nearly transiusrent to vierible light snd siiowed excsllent resgolu-
tion of the infrared bands, This metnod wss employed for all soluble
amorizhoue mrterials and wvag satisfrctory even in those coges where the
materinl wes not comuletely soluble in rioxsne dut in which the inroluble

portion could he dispersed,

Contrary to expectations, the crystalline solids were found
to give extremely satisfactory "films” by evepnretion from solution onto

ealt plates in the menner demcrided sbove for lipnin, The moet dasirable
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solvent combinetion veried consideredly, Some compournds were found to
give very setisfactory distribution from ethyl alcohol, » few were ob-
trined in satisfrctory form from dioxane, but tha dioxene-ethyl elcohol
combination developed for lipnin was definitely the most deeirable in
the unjority'of crres, A high concentration of the sterting solution
rupears definitely desirable, Under idenl conditiors, the solution
evrporates slowly to leave 2 uniform, transpsrent, amor. houe film with
» diageter clirhtly emaller then the rataining ring, In s fow minutes
cryetellization atarte at e numbar of seusrste nointe 2né croceeds st

a slow rate until the erntire surface ic crystalline, producing B geo~
metric pattern of interlockine diece, “uch "filas® are stronrly adher-
ent to the =slt plates. The plates are removerd from the holders,
wrap.ed in lene ;aper or pleced in weiching bottles, ané dried at lemst
16 hours in a vecuur deelccator over sodium hydroxide, sulfuric rcid,
#nd prreffin, * cufficlient numder of rung of these m=terinls in Mijol
dispersions have been rade to demonstrate thet this drying procedure is

adequete to renove 8ll traces of solvents,

Blank cells were not uned for there runs, It has bdeen found
that the introduction of one or two salt plates in the light path chuees
n generns) decrenge in trensmiasion thrauphout the range of only two or
three per cent, go that the error from this source in these qurlitative

deterninntions is not Bpyrecisble.

Tor the ingoludle lienin preperttirns, mulled digspersions in
Mol vere employed, It was found that hirh concentreation disgersions
(10 to 25 per cant) epraad =s cnpillary filme between selt plates srve

the most satinfactory ndbsor.tion characteristics, * blsnk film of Hujnl
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was run ie thesc crser,  Zlthovgh the thichinerree of the sep:le ernd
blanks thue prepnred were orly e roxirestely the srrme, the error intro-

fuced wes nerlisible,

211 the methods employed grve only qualitetive rtercentape
transmigsnion data, Tuch dzta are entirely edequate for the exploeretory
work performed. Tor more exepct comprrison of rezlstive nbsorption, it

will be neceersry ¢o0 apply gquentitative methode.

411 the 1li#nin, carbohydrste, =nd tennin preparations were
prepared by carefully strndardiged mathors »nd were run s’s recelved,
Conetancy of &ll infrarec azbsorytion brnds tihrouwrh recryeteliization or
redintillation hirs bLeen t=ken as the criterion of purity of the crystel-
line nnd 1iquid smmples used, Recrystallizations were czrried cut on
n aémimicro scnle, Approximately 0.1 grem semples or less were dis-
solved in 10-15 »l, of ¢ suiteble solvent by heating, the materisls
sllcwed to reerystrllize slowly on cocling (chilline to =10 to -15° C.
was required in some czses}, and finally the crystrle wers centrifuged
to the bhottomr of the tube And wrahed four or five tires with cold solvent
by fecantation. Mistillationg were carried out with an all-glases mul-
ﬁiple recelver vrcuum still, ueing preecursg of 0.5-1.0 en. of mercury.

An mpnroximate 50 per cent center-cut wee tzkan in each case,

Saveral of the samples [1nact1ve gusirretic ncid, of {3, b=Alme~
thoxychenyl o8- 3~propyl-s, 6~-dimethoryphenyl) propene, tetrshy roiehyiro=
disenruenol mothyl ether, and pinorerincl dimathyl ether] ware too smell
to premit jurificstion trertmants, “ach of these, howsver, wrne from the
sample aspecially purified by the “rdtmsans for their ultraviolet spec-

trochemical studies.
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The eaxtensive l1irt of mmterisls c-vered in this wvork was
mnde posmidle only throuzh the generous co-operation of & number of
people. Ye wish to identify the source snd to exprass our ap reciation

for the enmnles 1listed below,

P, ¥, Erauns®*: Netive spruce ligmin snd smataylated groducts,
rlkall rorucs lisnin, Freudendery suruce lisnin, “4lletatter spruce lipg-
nin, aurenol, euscnol methyl ether, $roeurenol, irneurencl methy) sther,

iryrmona, hanzilidewanscatavhenane, 1uerceatin, sn c~nidendrin

L. “. “ise®: Chlorite s;ruce holacellulose and the siruce

hemicellnlonres "A% and "5" from sbove

Holrer Zrétran, Yunpl, Tekriska Hogekolan, “tockholm: Venil-
11 alenhol, tetrehydrodehydrodiev~enol dimethyl ether, innctive
gurirvetic nei? dimethyl sther, o =(3,U-dimethyl.nenyl}off=(3=propyl=h,b-
dinethoxycienyl )iro pne, dlaydrodenydrodilroeurencl methyl ether, nino-
ragi~ol fimethyl ether, =nd berius lirncrulfonntes=-"CI%, " *CIB,% and

) ah

7. A, Buchenans: Hrtive asyen lipnin, ckesinut tennin, que-

vrecho tannin, redwood tsnnin, snd redwocd nhlcbo, liene
¥, J, 2udlitz*s: Chlorite spruce lirnin
Conred “chuerch, >eGill 'iniversity: Feariodats syruce lignin

1., &, Tesrl* and %, ., Latarop, Northern Xeglonml fererreh

Leboratorys Rueeell lienin

* The Ynatitute of Prper Chemistry



vieson spruce ligunin wes preprred frox bleck sprucuwood by

+he Irnstitute of PFrper Chemistry wetibod 13,

Hengene, toluene, ethylbenzene, thenol, and wvanillin were

repurified from commercial products,

-~
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The infrared abeorption spectre to be discussed are divided
into three groups. The firet is the lipgnin preparsticns; the second,
the 1iquid and crystaslline compounds; and the third, tannin ané carbo-

hydrate miteriels,
FATIVE SYRUCE 1TCHIN AT AMiFYLATICE PROTLCDS

Ihe absor,tion s,ectrun of nrtive spruce 1i;nin ss determined
in f1lm form is given in Figure 1, 2nd as a Nujol dispersion in Fipure 2,
In the spectra for two thicknesees shown in Figure 1, a few 2d-71tinnnl
very wenk bends and inflecticns were revesled in the lower transmission
curve, but the over-all agreement seeus very gond., Althoush the nujol
Alspersion curve is not as clearly detfined as that from the films &nd
does not include the aliphatic C-H regions, it rerves ng an excellent
independent determination nnd permits comparison with ingoluble lipgnin

preperations,

The first observation to be mnde on the comperison of the film
end Hujol curvas is the presence of three bands in the film e ectra at

1 that do not aj.aerr in the curve from the sujol

872, €40, and 1123 cm,
ding=rsion, It hrs bren found that these three dands in the film curves
pragually dirinich with time on heating the films st 100° C. in vacuo,
and these hende have Lesn tentetively sttribnted to ratninad dioxane

in the filme, The evicence for and sy=inet this inter;retation may be

sumessrized rs follows:

g mentioned shove, these bands de not Apiesr in Mujcl disper-



gions of the nnative lisnin, dne abror;ticn s ectrun of native suruce
lignin filas from dioxnne-ethyl =lcohnl acs been found to agree exactly
with sgectrz from similar filme for iethyl Cnllosolve s, ruce lignin,
but the dbends in question do not apuesr &n films of the later xateriel
prepered from acetone (curves not shown), 7he three strongest bands
in the abror tion szectrum of Gloxene corressond to those fraguencies
listed, A1l these frcts would ap enr to be strong evidence for attri-
buting theee dends to absorbsd dioxane, (n the other hand, thorough
weshing and esoaking of the seplt plates snd £ilms in petroleun ether had
no effect on thn sirength of these brunds, *1go &n apierrent conflict
were the oheervations mrde on netive aspen lienin (Fipure 19). In this
cree, bande were present At £72 and 890 om.~t in the dloxane-ethyl al-
enhol film 4n about the eame proportion ag the native spruce lipnin, snd
e very strong bend wes found at 1123 cm.'l. The 872 end 89N dDands wrre
erein abrent in Wufel disuereions ond decressed on hemtings at 10° C.
in vrcuo but, in this case, the third bsnd, which wrs ’bgent in iujol

1

and diminished on herting, was At 1085 em.” . Tt is for this rereon

thet the phenouanon s connidersd atill incompletely explnined,

Cnce the ebrorption siectrum of the native spruce lisrnin was
determined, the first quertion to be snswered wes wiether the msterial
is chemicnlly homoreneous, IThis, of course, cannot be answered definitely
Uy any one erxporisent or techrigue, but the cosbinutinon of o froctivnal
precipitriion swthod of seprrrtion previously used {un.ubliched) and
the daterminsticon of the Anfrrored ¢ ectra of the £rrcti-ne obtnired was

coneidared most worthy of sp_.licrtion =t this point,

One sream of native spruce lirnin wes dissclved in 50 ml, of



-]

¥ S

snliydrous dloxsme in & ematrifope Jsr ond cuccessive froctisne were ob-
trined by slow «ddition 5f nona~lvente while tac solutien wne under
r 344 apitetion, The pro.ortions of nonsolvents required to give rp-
proxizntely egurl size fractiors are sumanrized in Table 1. The preci-
pitstion sp.esred to be mlmost continuous with change in solvent ratlo,
upch fractional precipitate was centrifured snd the centrifurate de-
conted, The precipitete wes stirved end centrifuged with 107-ml, batches
of mixed molvents of the seme proportione that were used in tne preci-
pitntion ~nd with hipgh-boilins petroleum ether, snd finslly dAried by
warming to hO-SOo C. The ary smatorisl wne raliseolvod in 10 ml, of
Aloxrne (n few ~roge of methyl mlcohol were rejquired to effect colﬁtion
of Frretion 1) rnd reprecipitzted into hich-boilins setroleum ether in
a centrifuge Jar. Ilhe product wae wrshed twice with high-bollins pe-
traleun ether sand twice with low-boilins petroleum ether in the centri-
fuge Jer before dryins under vecuum over sodium hydroxide, sulfuric
anid. snd peraffin,

TERLE 1

FELCTIONITION OF RLDIVS EPRUCK LIGHIN

Total Yonrolvent *dded Hethoxyl
to 50 ml, 2% ©olution Content,
Fraction in Nloxsne, ml, Color 4

1l 25 bengene éull tan 12,8

2 50 benzene dull tan 1,1

3 50 benzene - 10 1%, bright orange- 1L.2
petroleum ether yellow

4 50 benzena - 25 1,1, 1ight dull 14.3
petroleum ather yellow

5 50 benzene - 75 Y,PB, dull orange- 14,3
petraleum ethar yellow

6 50 benzene - 375 W, M, brirht orenge- ~—

petroleum ether yellow
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o4y frectione were obteined, all of ap roximately enual cisze
axcept for 1 end 6, which were very rmalli. 3Hecause of the emell eige
of the freactions after infrared enzlysis, the Inetitute analyticel leb-
oratory was asked to run mathoxyl determinstions, iven on a semimicro
scele, it wae necessary to run & egingle determinction on ¥raction 1,
snd Frrction 6 was too am&ll for even & girple run, ‘he vrlues obtained
fre shown in Table I. {he colore of the different fractlons &s recorded
in the trble are possidbly mirsnificent, since they were #l1l regreci,i-
teted under identicel conditions, like incolubility of Frection 1 in
dioxene sfter isoletion is consistent with previcue expurience withn

otner soludie lignins,

The infrored spectra of these fractione re éetermineﬁ by the
stenderd film technique (Yipures 3, L, and 5) reverled o very interest-
ing relationship. ¢n ® quentitelive breic, with the excejtion of the
bnndg in the crrbonyl reglon, the infrerad mpectrs of the frections
show only slipht and nonspecific variation from the eiectrun of the
oririnsl native 1ipnin. Yowever, e definite prosrescive curnge in the
relative strenpth of the 1655-1660 cm.’l bend, which will be shown
later to be uroduced by an #ldehyde or keto enrbonyl proup, it quite
apparent; this band s very week in Iraction 6 snd relatively strong 4n
Trection 1. & similer but poscidly lewr yroncurced trend is evifent for
the brord brnd in the scid or ester crrionyl resion, £ definite mini-
sum in thie region was renolved for all the frections at 1709—171€ cm.-l.
‘lthouvgh there 18 & strong temytﬂtion'to ectimrte gqurntitrtively the
;-vnriatinn in progortion of the sldehyde or reto band to the ~djrcant

arometic nucleus bends, such a cslculation would be definitely .reme-

ture.
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The resuits obtrined nve severnl lugorto-rt inglieati-ng,
The fret thet notive liinla csn ba froctionntsd 1ads pr-thicts of vary-
ing physienl properties on the baale of soiudility must mesn that the
materiel urs A conelderrble ranre of mclceculnr welpshte, that §t gontnins
cnecieslly didferent couponente, or tust the variatione are the result
of & combination of doth factors, The frct thrt the infrared n.nctre
of the froctiens ere essentlelly identicnl, eiceLt for the ¢nrbonyl
bendg, éefinitely enows thet the ee =rrtion 2zt not bBeern effect«<d through
rejor cheuleal difierencie, shether tie cbrerved varintion in corbonyl
content g in fteelf sufficient tz Lroduce the froctionstion pust remsin
s open queetion urtil # relirble mothor for rersuring moleculer welght
cen be spplied to such frections, If tus {rretiorztion s .rizrrily on
the brsis of moleculrr welrht, vhich &r much rore yrobchle, these re-
sults would eeem to indicrte third polyrerizrtinon of lirnin monorare orn-

not be throurh the cardonyl group.

The important chnelunion with roriset to the pracont inveati-
patinn of infree«d o 20trs e thet the heple serttern of the ubenr:tion
sypactrun of nuative suruce lismin &g procerved thraneh thie fractinna-
tion, “hen tule 1c edded o the £act thrt the sone charncteristic net-
torn ig obtnined from totsl "lignin# prennrstiona irolsted by & number
of Aifferent wnthode, =ni the finding tht thic spruce lipgnin spectrun
in rercdily dietirruieshoble frox the scscetrs of all other materiels run,
the evidernce it rather strons thet the tarm "1lirmin' doan desirnate a

uniaque 2m7 dreicrlly homoransous structure,

Gn this bagis, it would arem justifinble to ndvance the fol-

lowing tentative interpretetion of the 1irnin gpectrum,



1. “he strong bHande £ 1548 2nd 1512 cm."l offer ;rlur frcle

eviience of tue | raderincnt sres Ylc neture of the ligsin,

2. The strang ssturried ali hntic C-%5 bends et 2500 and

1 and ot 1USL and 1425 cm.‘l eststlish the presence of R rer-

2830 em.
gonedly large proportion of elishetic proupines, the simule srrsncement
sugrertinge thrt these ere roletively uncomuliceted end not strongly

crose~linked,

3. The brosd, strong herd at 3350 cm.'l

ehows the precence
of molarrtely strovely bonded hWylraryl proups, Thie brnd in iteelf
does not contribute eviderce for or reninst the presence of one or sev-

ernl tyrae of hydroxyl linkegee,

Heyond this joint, it ir decirsble simuly to jolnt out the
imylicatione of a number of other Yands in the s ectrum, snd then yre-

gsent rAditionnl primary evidence before etsting definite concluaions,

Use of the mechanicel computar hee poritively estedliehed the
preeence of the brond inflection 2t 1725 cw.'l and the moderste bend et

1663 cm.-l.

"he shecure hond at 1725 em.”} bae nttrrcted corelderable
interret, rFothine of this type has heen encoumternd in the aimple cou-
prunde,  Abrorrption hende st thie point ere rrther ejecificrlly ettrd-
huted in the literrture to arter or reid corbonyl provsr, ‘s will he

flecuront 1ster, this bmad ip unpffacted by eseversl re-ctinne nf llenin

end s ahasnt in saveral other lisnin products,

Tha band nt 1663 cm."l is in the reorion stuributed tn the
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sldshyde or %elzne sorkom,l or tae unconjurnted =lizhetic doutle Dand,
repzartine ayifance far #a 11 hetie duuhle Gond is lecking in the
100N-500 cx.”} repion, where only & very werlk hrnd at G18 em.” Y 4s found.
Tha brnd 18 proporticnstely wuch wesker then those of any of the known

cerhonyl or unenturated compounds exsmined,

The stronz beads »% 1269, 17256, and 1224 cin.”) sre relinble

gresumptive evidence of arom~tic or unsaturated C-U linkagzes,

The wesk bend st 1085 cw.’l rnd the etrons band rt 1139 cm.“1

(omitting the duestinnable 1122 cl.'l band) are anly poreible evicence

for saturated (-0 -C linksases,

o useful comrerss on the remsinings bsnde in the lipgnin s.oc-

trum cen be offered st present,

in extremely valuable snurce of subrtentisting Ané extending
evidence wre obtained from tne sectrs of six methyletion products of

native syruce lisnin, Thore will be considered indlviduslliy:

1, XNative spruce lienin mathyletsad with diazrmethene in ethar
(Fieure 7). “hen compsred with native euruce lienin (Fipgure 1), the
curve ghows a alight dut definite decr-ase in the strength of the hy-
éroxyl band and & new werk band st 1160 cm."1 (sromatic £~ resion),
The higher freguency srom-tic nucleum bend ap:eerg eg & doublet at
1

1598-15490 cn. . In othar resvecte the sy ectra sra cerantinally 1denti-

crl,

2. Netive apruce lirnin methyleted with ddnszcmethene in dlo-

xene (Flrure £)., “hen conpy-red with nrtive e.ruce lignin, there is
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obzerved #n a,preciadle decreace in stransth of ths hydroxyl dsnd,

sliphtly deeser 2l ipintic C-i brnds at 1418 cm.”l (Agerently shifted

1 uemad, snd an inflection in the

higher frequency arom-tic nucleus bend at 1600 cm.”r.

from 1427) and » dietinct 1460 em.”

3. Nntive spruce lignin methyleted with metnyl alcohol-bydro-
chloric ccid (¥igure 6). “hen compared with rrtive spruce lignin, the
curve ehows A definite decranse in the strength of the hydroxyl band
nt 3350 om.”}, complets disappesrernce of the cerbonyl or double bond

brnd ot 1663 cm.-l. no significent chanpe in the s#liyhetic C-II bands,

1

and much deeper and breader sbeorption geing ‘ntc the 1257 em.” mini-

: ninfpus snd 1046 inflectinn have dimap,enred, Mo

1

pum, The 1139 em.
doubline of the 1595 cm. ~ arometic nucleus dand is shown, as was found
with the diaszomethene-methylst ed sam;lee, No other significant changes

are sap;Areant,

L., Nethenol native spruce lignin methylrted with diszomethsne
(Firure 10). 2Af compared with native spruce lignin, the hydroxyl bsnd
is found to be very weerk; £ new ali hatic C-H bend hes &, eared et
1464 cm.'l, with the 1L27 en.”t vena ap, srently shifted to 1L18 en.”},
The 1663 cn.-l bend 18 complstely ebsent, The higher freuuency sromatic
nucleus band ap, ears at 1588 cm.'l with an inflection &t 1598, 7The
1372 cn.'l band is sbeent but # new wesk minimum ie found at 1095 and

an inflection at 1198 en.” L,

5. Methanol lignin from disgomethsne-rethylated netive spruce
lignin (Fizure 9). As comprred with native syruce lignin, very nesrly

the same changen that were observed with the above preperztion are found,
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with the excepticn thrt e very wenk corbonyl brnd 4 euill evident #¢

1670 em 2,

6. lative spruce iipmin o ethylated vish diszomethare and
dimethyl sulfate {7tpure 11}, As comprrod with native s ruce liynin,
a trrce of Lydroxyl band is found st 3.00 cm.‘l. a1 wenk but definite

czrbonyl band st 1606 cw.”? 1s yresent, sni there is an inflection in

tae hipher frecuency sror-tic nucleus band nt 1600 cm.-l. In the sli-

pheatic O-1' region, the 1512 cm.‘l brnd i re.lecet by £ 151L4-1506 cn.-l

dovilet, And the new 1LbU cm.'l bend 1 guite strong. Tlie 1425 band

kae sgain nbifted to 1418 cm.”). In the mromatic $-0 reglom, the 1269

1 1

and 1256 om.” bands Are replsced by o band at 1261 cm. , #nd the 1231

cn.'l band is poesibly relrtively stronper. “tronrer genersl shsorp-

tion 4s observed in the 11:N=120N resinn nnd sround 1140 cu.'l. The

1367 sna 1085 em. "t

at 1100 cm.~Y,

bands have diesp enred, with & new band A, perping

It should be mentioned thnt the brosd abgorption platean in

the 1725-1700 cm."1 ester or scis carbenyl reri:m prrsietr throughout

i band ie werkened or

eliminrted, n clearly defined minimu~ is evident =t 1715-1710 cm.‘l.

there egectra, In the cares wiere the 1660 cm,”

The spysctral chsnges obrerved occur on & brekground sufficlently
constant to demonstrats that no zeneresl chuanre in the materisl being

Aexﬁnined has trken place,

2s n ogup lement tn the evilence previously sur-arized concern-

ing the sirsnificrnce of the limin siectrum, the following strtements



cin be sdded:

1 pand by methylrtion

1. The eliminntion of the 1663 cm,”
with methyl rlceoholehydrochloric zseid Cefinitely est~blishes thia YHand

#8 that of =n »ldehyia or ‘efone carbonyl sFroup,

The f2ct that thie bend 18 not vielbly chtnged by diezo-
methrne methylatizn ie in accord with the lack of Aifferentistion
in simple compounds between norarl) »nd enolic cerdonyl brnds if, mp
concludes by irauns (1), =n emolic hycroxyl has been methylnted in this
renction, The aprerrance of infleciions 4n the high frejuency sromstic
nucleus brnd in £ numbder of the methylsted lirnin curves is undoubtedly
gipnificant in this comrection but i A4fficult to intergret st presxent,
The werk crrdonyl brnd evidont in the metlional 1linin fron d4ezooethene-
methylnted active epruce lirnin prebebly (-~7ictes i-complete mathyl

rlcohol methylation,

2. In the slipnrtic C-if rei-ion, the conaelstent grin in
strensth of the 1UbL-1460 cm.-l brnd on methyliztion definitely ertsbe
lishes that thie bend is At larst ,uartinlly the rasult of the yrazence

of the methoxyl (:H:5 £roup.

3. Changes in the bands in the 1260-11%0 en.” ) arometic or
ungaturat-d C-0 rerion ere not clerr cut, There is, however, 2 suf-
Ticiontly canaistenp increrse in stirength of aberor. tion throuphout this
region to identify thure brnde a8 reeulting, at lanet yrrtielly, from

rromartic sethoxyl groupne.

L, There is a definite indicrtion of stronper absorption in



the 1125-1075 em.”} alighntic C=0~f recion In She weuhyl aulfate-mesthyl-
ated 1ienin nnéd sonme onaibls chanve in the two diszorathans-patiyl
slcohol methylmted lienins, Tince this regisn i« confusnd by the Joubg-
ful 1120 cn.'l band, it sesmed desirable to study Share wrterials in
Hujol through thir reglon before ntiez.tine to interret these changes,

This wax done for the selected group shown in Fisures 12 sad 13,

Hative lignin, native 1i-nin methyl ted with wethyl rlconol-
hyfrochloriec rcif?, nrtive lignin methyl ted with dinzarcthnne in
fioxrne, methennl nxtive lirnin methylsted with ddezorethnne, and nntive
lignin methylnted with dlzomethane anc mathyl sulfets were run, The
observed chenyes in nbror;tion were entirely consietent, dut unfortunstely
were not sufficiently jroenounced tn be rceoptrble 2e poritive $denti-
fieation, In the cnee of methyletisn with rethyl rlcohol-hyérochlorie
reid, the only sirmificent chrrge ig the r,. eserree of nn inflactisn =4

1 in the s~tursted U« region, 1In the cree of wethylrticn

1025 em.”
with dirzorethane, the only eirnificrnt chevwge ix the . sxrence of &
vepk Irflection at sy roxicstely 11790 cm.'l (proprsie C-5), The xrme
inflectisng s.-err in vathrnol netive lirnin wethylsated with Aiszo-
matheane or with dinsgorethrne end wathyl sulfste, itk rethyl sulfate
matiivistion, there veeme tn e, in additicn, 2 meried rolative Z8in in
Avtenaity of the 1225 wnd 1045 om,”> brndr, centered res;sctively in the
eromatic C-0 and pli hatiec C-(e( tog!ons. Io confirz these obnervyations,

it will probably be receszsry to find u wnlvent thrt i sufficiently

trenspearent in thie replon to Lermit uuantitative sessurements.
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Gn the basie of very strong em:;iricrl evidence, the two strong
bands in the lienin spectrux at 1598 and 1512 cm.'l are accepted as
establiszhing the basic aromatic nrture of native spruce lignin and the
strong bende at 2900 and 2830 cn."l. end at 1454 and 1L2% cm.'l are
accepted ns repreasenting a feirly larye proportion of aliphatic C-i

1

units. The 3350 cm. ~ band is accepted me that of moderately strongly

bound hydroxyl groups.

With the e4id of the spectra of six different methylation pro-
ducts of native lignin, the 1663 cm.’l band ham been icdentified as that
of an aldehyds or retone csrbonyl group of relatively low concentration,
These s actra slso uave definitely ;roven the hydroxyl source of the

3350 cm.'l bend, without yielding any evidence of differsnt tyges of

hydroxyl groups.

L1though there are dafinits indicatione of spectral chanres
on xethylation which sugerest changes in the sromatic and ali hatice

cerbon-oxysren linkages, the relstinnehipe are not conclurive,

SPRCTRA CF OTHER TYPRS CF LICNTN

In thir section an applicetinn of the infrared abesrption
spectrum is reported that is nearly 2s useful as the identificstion of
chemicrl rroupingn--e,p,, its use =g 2 “fingerprint” in deternining the
identity or differences in materislm of uninown cousjosition, The mul-
tiplicity of distinct bands in the infrarad spectrum renders it An un-

riveled yhysicel tool for this purgose. The bands in the s.ectral
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repion vhare absorpticon in likely to bte more s fuinction of molecular
structure then of epecific grou.s scculres grest importsnce 4in thisx

conrectinn,

“qince most of the mnterinls discursed Yelow vare of nececrity
run in Xujol, the comu~rirons in thenre crses xre mrde to native giruce

lipnin in Nujol, Figure 2, This, of couree, excludes the #li hetic

C-i repion,

¥lason “pruce Iirnin (Figure 1Y)

& ome-grap sample of nlechol-bengene extracted bleck s ruce-
vood mer) {(Aprroxim:tely two yazrs 0ld) was trested with 72 per cent
sulfuric redd according to The Institute of Pager Chewistry Lethod 13,
and the thoroughly washed yroduct wes dried in ¥rcuo over ,hosphorus

pentoxide. ‘The methoxyl content of the iignin was 15.2 per cent.,

The infrered spectrum of this materisl ss obteined in ¥Wujold
agrecs very closely with that of native spruce ligain through the
160N-gM cn.’l range. lowaver, the Klason lignin shows no csrbonyd
berd and broad, relatively wesk pbeorytisn in the hvdroxyl repion, with

ne clasr-cut minimum,

¥illistattar €,ruce Lirnin (Figure 15)

Cther than a displacement of the hydroxyl dand to 3270 cu.'l

and possidly wenker hydroxyl sbhsorption, and the presence of inflectirne

1

at 1595 snd 92U em.”, the spectrum of this unterial is essentislly



$2ention with thed of nrtive soruce lipnin,

Mpell firuee Li-rin (Firurs 16)

The hwdroxyl.bﬂnd of thie mrterial st 3350 cm.'1 ap.esrs to
be reletively werker then 4rn nntive e ruce lignin eni the alcdehyde or
Yetaore eorinryl bBrad e crmiletely riscine, 2gide from 2 new inflec-
tirn et 1127 cm.'l, the remﬂi?ﬁer 0f the s.sctrum in the same ag that

ef nrtive g ruce 1inin,

Freucerherg rruce Tienin (Tieure 17}

The hydroxyl brrd in thire rrievisl i 8% £ lower Srejuency
(32an cn.'l) and {g reletively wesker than 4n netive e;ruce lipmin, &
new band {e found et 3107 and an inflecti~n 2t 1597 cm.-l. The remein-

dar of the s actrum ig the sswe rr thot of retive e ruce 1ienin,

Feriodate Spruce Lignin (Fisure 18)

The ebrorytion potterne rre eesantizlly identical with the
spectrum of nnrtive epruce lirmin in ¥ujel, exceyt for sn ap recisbly
higher pro.ortion of crrbonyl Lsnds 4n the goriodate lirnin, Thie wos
confirmed by comurrison with variosus filna curves for notiva 1lignin,
There i no evidence of oxidrtisn such ca thrt faund in the stronp redd

crrbonyl band in chlorits soruce 1iomin (Tipurve 24),

Xative %n-an Lipnin (Fleura 19)

This raterinl wee studie? ap dioxsne-ethyl nrlcohol films and
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in hujol. %he reirticnsbiy of the susorition curves obtsined vig dise
cuseed on pepe 20, In nrder to obtein » com.Brison of ithe rliphatic
C-¥ bands, the curve for the film of native meien lirnin is contrested
with that for nntive spruce lignin film (Fisure 1), There iz 2 far
prester difference batween the spectrum of thies native hardwocd lignin
rnd native =rruce lisnin than there is within the proup of four epruce

1irnins izolsted by 4ifferent methods,

The hydroxyl bsnd of the aspen 1i,min ie at the szre porition
rnd of abocut the enme reletive sirenuzth s in nrtive syruce ligrin, %o
gigmificsnt éiffarence in the xlighntic C-L bsnde 4w evident., [he anmpen
1iynin, liowever, shows £ rzictively strong 2ldshyds or ketone carbonyl
bend =t 1701 cm.-l with no evidence of the 1725 cm.'l inflection., iiew
bende are present st 1231, 1162, szd 1100 cm.'l. and the lower frejquency
aromntic nncleug dond . errs as & doublet at 151L-1506 ca.-l. The
1372 =nd 1139 cm.'1 bends of native spruce lignin #re miecing, The brnds

rt 1328 »nd 1123% on,”?

are reletively much stronser $n the hrrdwoond
14pnin, The discussion with rerard to tlie latter dband will be recelled

(paf‘ 20).

Russell “ynthetic "Liznin® (Figure 20)

“amples of thiec materiel were obtrined from Fearl (preyrred
pt The Institute of Faper Chemietry) snd from the Northern “spional
Ressrrch Leboratory of the Yeprriment of 'rriculture., The s ectrs of
these two zrmyles e run in Mujol were errentislly the sAwe. The lat-

ter sam:le wvae slso run as a fils from dloxsne-ethyl slcohol. Xlthough
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the mrterial was only partially soludle in dioxrne, & sufficiently
dingersed euspension wee obterined to produce = estirfactory film, When
corpnre with the spectrum of the nrtive riruce liesnin file, a numder

of mnrked.differenéas ere reverled, The cutet~nding point of Aiffer:ince

1

ie the very strong crrbonyl band et 1680 cm,” in the Russell "lignin*

spectrum (comprrable with wenillin), The hydroxyl dsnds are =bocut the
srme, rs rre the C-F bands st 510 snd 2830 ct.'l. In the lower fre-
quency s&liphetic (- repsion, however, the synthetic product showm very
strong bdande st 1492 snd 1465 cn.'l, ar cormprred with 1L54 sand 1425 cn.‘l

1 in the syn-

in native lienin, A strong new band s found st 1245 cm,”
thetic nrteriel, whereas tha ctrong 1033 cm."1 brnd 4in the nntive lirnin
ie very weak in the gpasctrunm being considered, The rexeining hands ore

quite similar,

L. group of thrae bderium lignosulfonrte selts of varying sulfur
content wae cbteined from ¥rdtman, IHecrure of their insolubility in
orgrnic sclvents, all were run in Nujol and are cozpered with native

spruce lignin in ¥ujol.

Esrium Lignosulfonate "0IA* (Figure 21)

‘nrlysie: S, 4,19 per cent; Ha, .22 per cent; cﬂjc. 13.01
per cent; ratioc of CH30 to ©, 3.2, The epectrun of this materisl is
remarkedly eimiler to thot of native syruce lignin, The crrdanyl bend,
if gresent, s very work at 1655 cm.”), with no evidence of the

1 ynflection. *“enk new bands ere found at 2700, 2650, rnd

1

1725 em.”

1

2600 op.”". The brosd bend st 1150 om, — might de Lortially due to the
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sulfonrte roup. All other bands era essentislly identicnl., {(The grent

rees of the darium ater would definitely ;rohibit its absor. tion 4n

these repions,)

frrium Iignosulfonnte "GIT* (Figure 22)

Anelyeis: &, L4.75 per cent; Ba, .91 per cent; CEBO. 12,52
rer cent; ratio of CHBG to &, 2.7. The spectrum of this mnterial 1s
asgentinlly the zame ng that of “GIA}“ The carbonyl bsnd, if renl, is
even wesker at 1662-16L5 cn.'l. the 1095 cm.‘l brnd 1s absent, nnd the

1036 cm.'l bend apresrs broader And stronger,

Errium Lisnorulfonnte “CTB* (Figure 23)

Analyeie: ©, .24 per cent; Ea, 15.8 rer cent; CHBO, .75
per cent; ratio of 0850 to £, 1.2, Compnred with nmtive spruce ligenin,
the hydroxyl besnd of thie meterinl a; esrs poseidly stronprer, the
crrhoryl band s completely 2beent, sané n11 the bants in the 1300~
170 em,”t region rp err to be shifted and etronger: 1261 for 1269,
1210 for 122k, 1162 for 11k, 103y for 1031 cn.-l. The 1085 cc.“l band

of the nrtive lirnir 1s not ;resent,

Compared with "IV, " the csrdonyl brnd is definiteiy absent,
the shifte noted =mdove n..1ly, and the 1062 and poseibly 1039 Cn.-l

brnds are stronper, The inflecticn at 973 cm.‘l 18 not rresent,

Chlorite Soruce lienin (Fieure 2L)

This materisl represents the ;urified "lignin" frrction odb-

tained by scidificetion and concartration of chlorite liquors. It
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gont~1»ed 11,7 ner cant T30 snd HL er cent 22,
8 3 i

The materisl was run ss a filx from dioxene-ethyl alcohol.
Comp' red¢ with native s ruce lignin, the 3350 cn.‘l hydroxyl band is
definitely wasker, whereas the ali_ hatic C-ii déndes &re relatively the
seme, & stronp acld or ester crrboryl bend is evident 2t 1727 cw.‘l
but the 1660 cm."l cardonyl bend is not yresent. The 1257 cm.'l band
ep;enrs stronger in the chlorite materinl, Hew bends are ,rosent at

1

1209 and 1175 cm.-l. the 1033 cm. ~ dand is relntively wenk, end the

1 band of native lignin is abeent, 4 numbar of the bands are

1139 er.”
comparable snc the over-all character of the curves sugrerts thet the

materinl s & 1ignin derivative,

Summa!z

The cosprrison of the g;ectrun of native e .ruce 1isnin with
those of ¥leson, ¥illst8tter, al¥sli, goriodmte, and “reuderbery lisnins
from sprnuce reverled a striking over-s2ll sisilsrity, as well se interest-
ing individual varirtisne, Thie eimilerity contributes indirect evie-
dence of uniforzity emong the lignin propsratisns end homo--eneity of the
native ligpnin, The epgerent general decresse in relative etrength of
hydroxyl sbecrition aronz the licnins icolsted by strong chemicnl trert-
rente and the dirsppearnnce of c¢rrdonyl brnde in the ¥leson and alknlg

1i/nine are of prrticulrr interest,

The synthetic mntarierl knewn fe Ruseell "lirmin” hee been
shown to have ebsorption cherrcteristice guite different from thore of

the nrturrl spruce lipnins,
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The nheorution susctrum of netive mspen lignin wrs found to

be considersbly smore complex than that of nntive spruce lignin.

The series of bdarium lirnosulfonates of incrassing esulfur con-
tent showad a general over-all spectrrl einilsrity to thiat of native
eproce lienin, and strony evidence to indicrte that the cardbonyl prowp

ie rencted as sulfonrtisn taker place,

% soludle "1ignin" fraction isoleted from chlsrite ligunrs
stiowed & general abeorption pattern similer to that of native lignin,
but reverled s strong scid or ester carbonyl bend, the diwsg earence of

the nliehvie or keto carbonyl band, snd & dscreese in the strength of

the hydroxyl deangd,

CPYCTRA OF COHFOURIE OF KHOWN STRROTURN

The study of the spectre of compounds of known structure so
far obteined hes deen very profiteble. Yo apecirl epttemut hrs been ande
to determine how many of the spectra of the compounds gtudled nhnve
rlready been published., Tt reens dafinitely astebliirhed thet, tn odtein
comperisons of ranl velue, it e necasrary to obtain the curves on one

instrurent under similar conditions,

Tach curve obtained has bean cnrefully studied ~nd compared
with thoee for rel<ted compounds, 7Tt would be ungrofitsble to list and
discuss all the bends, dut it sneems definitely worthwhile tc crll
nttention to the me=jor points of &nterest in emch g¢pectrun, An attempt
wvill ba mrde to pive equrl weight to abearytion charactori;ttce that

hi..err to be exceptions to peneral rulas As to those that conform, The
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chart ;uhlizhed by “/4lliams (11) showing the abrorption frejuency
ranze of Alffarent chemicrl esroups is used #e » brglc reference

in thie dircussion,

Bengene (Figure 25)

The ehrorc-tion apectrum of henzene ir fairly coupnlex,
with mony bande f£r1lins in replone nssoclated with grouyings not pre-
sent in this compound., Poeeibly the only specific bends nre thome &t
3030 ~rnd 2980 cu.'l. presumibly hydroren stretching bends of ercmatic

C-¥ groups.

Toluene (?ipure 26)

Substitution in the symmetricsl tenzene molecule leads to the

1 aromatic nucleus brnde

sppasrance of the strong 1600 and 1500 cm.
that sre fourd with only elight shifting in all arometic compounde thus
fer studied, and slero introduces etrompe zlighatic C-X bande at 2900

end 2030 ca.-l. ané At 1NS5G end 1378 em."1,

Ythylbengene (Fiszure 27)

The introduction of a CBZ groupy leads tc three strong nli-
vhatic C-H bande at 2900, =t 2880 snd 2830 cn.’l. and at 1459 and

1378 cz.”2.

fhenol (Figure 28)

A strongly bonded hydroxyl band apperrs et 3270 cm.-l. topather
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with a gtron~ bend st 122€ cm. ~ in the sromatic C-C region,

Yanillyl Alcohol (Figure 29)

This compound displeye = curious type of s&bsorgtion &n the
hydroxyl rerion, not observed in any other material, There is & relé-
tively sherp strong band at 3390 cm."1 and p gecond brord bsnd at
3110 cu.”}. Three aliphatic G- bsnds apgenr &t 2910, 2850, #nd
2820 om.”}, with the laet very weak, nccomprnied by two strong bends
at 1L34 and 1382 cm."l. Lbsorption in the aromatic C-U resion is more
complex than with ghenol. In addition to & stronz band at 1228 em, "t
corresponding to the one at 122€ cm.'l in phenol, & new bdané np.enrs 8t

1260 cn.-l. This poseible differanticticn between rromatic C-U¥ and

\ C-(;% hes not been encountered in the litersture,

Vanillin (Firure 30)

% single strong hvAiroxyl dsnd #;,.esre in the vanillin sgactrum
at 3120 cm.'l. indicating strony hydropen barding, A stronr, sharp
brnd at 1662 em.~F falls in the rldehyde or ketone crrbonyl repion,
Aliphetic 7~F bands at 2430 and 2820 oa.'l are relntively weask; atronger
bands ryiesr &t 1430 and 1372 cm.-l. Two strong bands at 1198 and

1264 cn.'l posaibly reg.resent the two sroms=tic (- linkages,

“ugenol (Figure 31)

The hydroxyl band in thir sgectrwa is at a relatively high

fresuency, 3L30 cm.’l. and shows an inflection ot 3380 cm.-l. ‘The
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aliphatic C-I0 bands are stromy snd comglex, with en rrrangement jeculirr

to tho eugenol-ty;e compovnds, Srnds ~re found at 3000 snd 2440 cn.-l.

correrponding to nCHQ. Taturated C-ll bende ere found st 2860 end

1 1

2800 cm.”~ and et 1L61, 1452, snd 1430 em. L, A sharp berd at 1633 cm,”
falle in the C=C repglon, 2nd is sccomprnied by strons dende 2t $35 and
915 cn."l. 7 comhination given by “1llimms (11) for RCH=CH,, compounds,
Three bands ap;e~r in the aromatic C- rerlon, st 17207, 1234, and

1262 cm,” L.

Zurenol lethyl “ther (Fizure 32)

The spectrum i very rinil-r to thet of eugenol, with the
hyfroxyl brnd sbsent, The sli hetic C-X pettern is adout the sruve,
with the 1463 md 1k55 ca.”t dende otronger in the ether. The 1207 em.~t

aromrtic C~0 brnd is rbrent in the cther spectrum,

Teocusanol (Fifure 33)

~n importent comperison in the C=C reglon ir obtnined batween
eugenol end isceurencl. In 4roeugencl, the doubdble boni b-=nd is sy ar-
ently eshifted to 1602 cn."l. vhere it appenrs se an inflection on the
1594 cm.'1 aromatic nucleus hend, This e in sccord with orservetions
in tLe litersturc concerning the effeet of conjueatisn on such dands,
The two 295 snd 915 cm.—l bands of eurennl are repleced by & single
strons dend et 963 cm.'l. e poeition piven dy wWillirme for HCH=CHE com-
pounde, The #11 hetic C-I brnds are momewhet siépler in iroeupgenocl,
Ornde ot 2650, 2840, rnd 2€10 cm.'l sre accomurnied by three medium

strenpth bends at 1451, 1442, rrd 1365 cm.-l end & werk band at
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1393 cn.’l. The structure in the orometic C-{ region 4is identicnl with

tuat of eugenol.

Isoeurenol Sethyl “ther (¥igure 3u)

1

L yary wenk bend at 3400 cs.”" in this spectrum mry indicete

thnt a trace of free hydroxyl is present, The ~lipliztic doudble bond

1 but, in this case, is éietinct from the rrometic

nuclens brnd ot 1578 cm.” . The 96U cm.”l band i tdenticrl, Tne

ig agein ot 1690 o,

8liyhrtic C-F brnds heve very wmuch the srme pattern, with the sxception
of 2 much stronger band at 1L61 en."} in the ether. The 1206 em.”)
arometic C-0 band {e missing in the epesctrum of the ether.

’

Flavenone (¥isure 35)

The epectrum of this compound is exceedingly conplex snd dif-
ficult to interpret. A very werk band et 3270 cm.-l peseidbly indicatesn
® trece of hyéroxyl. The 1680 em, "t eldehyde or ketone carbonyl band
etends out very strongly. <The 1LSk or 1514 mn."1 &rox-tic nucleus beand
is sbnormwsally week., <he aliphatic -l brrds ere very wesk, re would be

expected, with the erce tion of a strons band at 1459 cm.‘l.

Benzylideneancetorhenone (Chrlcone) (¥Figure 36)

Thie mrterial rleo zhows & very cemplex spectrum, hevinF & pro-
furion of wark brndr., Again, 2 very wesk brand at 32u0 cn.’l poesibly
indicaten & trrce of hydroxyl, 7The 1659 cm.'l crrbonyl band strnds out

atrongly. ‘The doudle 1603-159n em.”t bonds poraibly indicete £ con-
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Juisted double bornld. ' strong bend et G2 CM.-I ie Juet nhove the
renge eiven by Y111ieme (ll) for (V=L corpounfe, The mliphetic C-H
benés sre even weerver thar in fluvenone, like flrvonore, ¢ eirgle

. ) . -1
ptrons bend strnie out at L6 ew, .

tuercitin (¥isure 3573

Ihie spectrum siowa & vory strone and brocd hydroxyl bond at
3230 en.”Y. he crrhonyl bend &% 1650 cm.”! stands out strongely, and
a strong inflection et 1606 on.t probably results from the conjupated
double bond, & strong dand at 3L cm."l ie poseibly rlmo asszocinrted
with this group, “n snomelous chrrrcteristic of the guereitin spectrum
13 the wesk but fefinite nmliyhetic 0= pattern at 2910, 2870, rnd
. 23827 cm.'% =nd 1471, 1bLk9, and L3k cm.'l. It aight de auprented that

thie results from some resrrangement of moleculrr structure,

Conidendrin (Figure 38)

The nutstendings point of interest is the extremely atrong chr-

benyl band at 1771 em.”t.

letrshydrodehydrodieugenol “imethyl “ther (Fieura 39)

4 werk bend 8t 3200 cm.”) poesibly indicates & smell amount
of hydroxyl in this saterisl. Coupared with eugenol methyl ether (Fig-
ure 32), the aliphatic C-H bsnén at 2500 end 1451 cm.'l nare relatively
ptronger, The sromatic C-O bande are sbout the eame. The 1636, 995,

sné 915 om.” bands are mot present in this mnterial,



Inrctivae Suninratic feld uethyl Sther (Tigure K))

Compared with isosugenol methyl ether (Figure 3L), the ali-
phatic C-fl bande of this meterinl are weaker. The 1601 C=C drnds rre

sbout the same, bHut edsorption in the 1000-300 cm.'1 rénge ie much

wetker in this ether,

Q=(3, b= matuoxypnenyl ) ofe{ J=1r0.: 1=5, o="1 @buox, ooyl rop ne (Mzure 41)

1 on the

This specirum shows an infiection at 1602 cm.”
1586 cm."l sromttic nucleus brné that racerbler the isceuvsenol Cxf bend,
In thie crse, hovever, this could esaily 2rige from the mixed type of
prometic rirs substitution. “bsorztion in the 1000-900 co.”) resion s

very week,

Mhydrodehydrodiiscengonol Eethyl “ther (Figure U2)

It vas hoped that the comparison of this spectrum with that'

 of d-(3,U-direthoxyshanyl )<F-(3-pro;yl-5, b-dinethory henyl Jpropane

would be particularly fruitful, since the two differ only in the presence
of & treudenherg-ty.e furen ring in the meterinl being conpidered, The
difference in spectra crnnot at uresent be rsecifically attributed to
this granpihv. however, ©“ince the sgectrum cf the ether is generciiy
zore complex, it is only porelble to sry that new bsnds present in the
sromatic C-0 ~nd spturxted C-U-C regicns mry be asgocisted with the

closed rirg orranpement,
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Nehydrodiisosurenol sthyl Zther (¥isure 43)

This materizl differs from the dihydro compound cnly in the
presence of # doudle bond in the 1,2-positinn of the iropane eide chein,
In this case, the C=C band ep,esrs st 1678 cn.-l. more closely resem-
bling the arrangement of eugenol thsn of irosugenol., This mizht be &

lopicel effect of the high degree of substitution in the conjugsted

1 in the curve for the snterial

system, The strong band at $62 cm,
being consicered cennot be specificrlliy attributed to the doudble bond,
eince 2 nerrly eaquelly strong band ie _.resent a2t thiz point in the
saturrted compound, %Sxcept for s difference in the proportion of
8lighatic C-R bands and the 1678 em.~! doudle bona band, the spectra of

the two materisls rre very similer,

FPinoresinol Mmethyl Rther (Figure Vi)

The rpectrux of this mzterisl ie one of the most complex that
hes been encnuntered, The major point of interest is the anomalous
pupearence of & pattern of dbande in the elignatic double bond regions
(the earmple zives ¢ neretive bromine a2ddition test in cardon tetra-
chloride)., -~ wesk bdand at 1638 cm.-l is sccomprnied dy & strong in-
flection at 1600 cm.”}, and medium strength dands at 970, 935, and

51k en. L,

sunmnzz

An sanzlyeie of the spactrr of the compounds liested sbove hes

furnished strong first-hsand evidence of the cherescterietic sbheorrctinn
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bands of & wide variety of cerdon, hydrogen, and oxysen groupings,

4 few of the absorption patterns ry.esr to be so specific
that little evidence other then the ep,esrance of the charscteristic
brnds seems renuired to estehlish the Lrecence of certein chemical
groupinge. Thie sesza to be true of the ;2ir of sromatic nucleus bands
at 1600 and 1500 cn.'l. The mexisum ranre of devirtion of there dends

1 ona 1517 to 1kO) em.”

in the comuounds studied is from 1605 to 1584 em.”
The =sliphstic C-H bdrnds Are scmewhst lees shrrply denoted, dut the com-
bination of seversl definite dsnds in the 3700-2200 cm.”. region along
with proportionately strong bands in the 1480-1350 cu.'l region appenrs
sufficient to definitely estadlish the prerence of =11 _.tintic sroups.
Although the relstive nunher snd etrength o{ thege dands were obesrved
to vary marksdly with the wvarilety ard priportion of el4.hatic C-i ar-
rangerents, the poor dispersinn of the sodium chloride .rism in the
hirher freaquency region, end the Loesaibility of extraneous bsnds in the
lowar frequency region, makes difficult the interpretetisn of the
arrangement of there bende in terms of cstureted C-H, >CE2. ~GH3. and
unseturated groups, However, there doeg aj.ear to be e consistent

increrse in absorption of the 1460 cm.'l band cn methylaticon of henolic

hydroxyl comzounds that me2y locrte the -Ocqs band,

The unicue cosbination of mrse snd bond strength of the Q-H
linkars gives the hydroxyl group a "clesr-channel® from 3700 to 3100 em.
Althourh venillyl sleohol, the only esmpound thus far siudied that is
known to cortein both rlichatic nnéd (henolic hydroxyl groups, showed
two distinct dands in thir roidiaon, the vary poor disyersisn of the rodiuvm

chloride priem in this ropion and the variahility of lecati-n of the bsnd

1

1
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or banis within this region ncke 4t 1ikely tuot cewnrel typee of hy-

éroxyls may agcerr se # single brozd bend,

In going beyoné thies point, it iz evident thet the 2y esrance
of abaorption bends in £ resion aasec;sted with a perticulrr rroupning
should be scbstentisted by corfirmine evidence obtained through remov:l
cf such bends by meene of chericrl rerctione known to de specific for

the group in questior,

The carbon-oxygen snd carbon-hydrogen double bond bands rppeer
to be only slightly leee specific then those discurred fbove, The
eldehvde carbonyl band of wenillin snd the ketone carbonyl brnds of
flrvenone, chmlcone, and quercitin rre shrryly defined within the rsnye
16801650 cn.-l. Tugenol, isceurennl, snd their mothyl ethers offer
strikins exrr.les of the effect of conjugntion on the sli _hrtic double
bond abror:tion frequency #nd slso of the chenge in the 1000-j00 ca.-l
brnde in goling from RcHnCHQ to uCH=CHR., 7The eusenol tyie of isocleated
double bond verges on the nldchyde and katons cnrdbonyl repion with a
dand at 1636 cm.'l. wheress in isoeurenol cnnhurstinn lowere the ab-
sorption fregnency of the srouy to the extant thnt it =ay merge with
the 1607 cm.“l aromstic nucleus band, The 1000-00 cm.'l brnds Are
quite clerrly éefined in these comgounds dbut thie reslnn i within the

ranre of remersl moleculsr vibretisne #néd, therefore, must be ured

cuticusly.

Although shworytion at the chrrrcterietic frequencies of other
grougings murt de ured carefully Becrure of the frequent prrse-ce of non-

rpecific brnds, there hss been cbeerved » fairly corriztent relstion of
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tae alxoyition bands in Lo 1eGl=11yH c,sz,,“l AryMEeiC Or wisivaraiad

Y= reglon to zrou ings in ohe coppounds seudiod, Of yortlcular
"4iaterest is the 4ius,.errence of the 1200-1227 cm.-l band in eugenol
md isoevrencl on asethylation sapd the rccouw.+nyin~ incresse in siranpgth
of the 1234 cm.” ' band. rltoough tals does mot kold inverisbly smong
the cospounde studied, it »__ errs to be a relatiomsai) worth watching

in other methylsrtion etnlies,

It should ov cuservaed tant, in :uig suoy, no wenticn ass veon
a o of sbeorption currseteristice velow YOO cb.'l. intereating z.ec-
trel avser.tion .otterns aceur in tuls region tiot idive Duen studied
crrefully for the fhove covgounds, dut no consintert reloltisnsal,« of

bend réructurs $o chewdesl grougings hwe berm found,

The firet impreszion on solines to the native lienin scectirum
from those of the nown compounds ie the relrtive eip.licity of the
11i/nin sbsor tion curve, This i & known chrrecteristic of tie spectra
of high polymer materiels] tho lorze number of primsry and secondary
linkaree sp;srently ov ree-cg meny of tho norxsl moder of vibratiocn of
tae sis le bullding unit without seriously irgpeding tho resonsnt vibri-
tisn of the functionsl chewicsl grouys. This is, of course, sn alven-

te in mrelyeing euch B oeecirum,

! sscond conclusion i¢ eoon rerchad, This 1s the fect thet
it 12 futile to try to compmre the infrsored ¢ _sctrum of an unknown
mrterinl with thoee of knowr copjyounds #nd 4o s~y thnt the spactrun of
the unlitrown 1s “1ike' thet of a yrriicilar cos.nund unless the two

curver sre identierl, or nesrly soc., ‘ince 1! rirn 1r obviouely juite
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different from 2ny of the simple compounds studied, 1t crnnot de aven

closely matched with any of the othar curves obtained,

TIUNIN ARY CAWBUHVIRATLR MATTHIAIS

The infrared spactra of purified cheetnut, quedrncho, #nd
redwood tenning snd redwood .hloberyhene are shown in Figures U5 to LT,
These scectres were determined as films from dloxmne-ethyl . lecohol,

The partinl incolublility of seversl of the grou: 49id not _revent ;re-

goration of uniform dlegersions,

Thie pgroup of meterizle pives syectrs which were of the zrme
genaral ty.e ns licnin, e contrasted with low moleculsr weight crye-
trlline or liquid compounds, The specirs sre auite distinsulchsbhle
seone themeelves »nd from lipnin, however, Yo sttempt will he arde
to derceribe these ndrorption curver in det=il, The cutstending fee-
tures of interest rre the very strong rcid or ester cerbonyl band in
the chestnut trnnin snd werk plateru effect in this repzion in doth the
quebracho £nd redwood tannin end phlobdsphene, Yo definitely sient-~
ficrnt difference is evicent between the redwood tennin end chlobdaphene

abrorption epectra,

Une of the possible interesting sp-lications of infrered
spectroscopy would be the determination of the lignin s;ectrum directly
from wood rections, To 6btain #n iden of the ~bsor _ticn brckeround to
be ex:ected from cerbohydrate mriericle, » set of chlorite cnrbohydrzte

prejaraticne were run in rujel dispersions,



Fleek “rruce Wolocallulore (Fisure UB)

The fidrous neture of this mstariszl msde samyle prepsration
difficult. The meterial was ground to ;nss through an 80-mesh screen
in the swu2ll Wiley mill and éried in veeuo over ;hosghorus pentoxide
before mulling in Fujol snd smerring between sslt plates. The coarse-

nese of the prrticles resulted in kigh gerersl &bsorption &nd indie~

tinct bends,

S¢rong absorption 4n the hydroxyl rexion cantered at

1 is evident, & strong scid or ester cardaryl bsnd stends out

1

3230 co,
st 1720 cm.'l. ené n very brogd Ceep brnéd st 1605 cu, ~ 88 ;robably
due to 14quid water (¥11lisne: 1650-1600 cz.”}). Cther mimgle broed

benfde sre vasuely defined throughout the s;ectrum,

Siruce Femicellvlose /i (5 Fep Cent Fotrrefns Fydroxide “xtract of the

Folocellvlose) (*ipure LY)

The amor hous nature of this mrterizl made possidle fine
dis ersion snd excellent definitinn of the mbscrition bands, Lyfaroxyl
bande »re very brord and strong at 3320 snd 1055 cm.’l (Williems: 10UO-
1060 cn.’l). as 4s the 1iguld wxter band at 1606 cm.'l. There is no

bond evilent in the carbonyl resion.

trruce Tiamicelluloxe B (1f Fer Cent Fotmssium Hydroxide txtract of the

¥olocelluloss Remidus from the Hemicellulose L “xtrection) (Tigure 50)

The only dimtinctive point of interest in this cose in the

1

presance of & strong inflectinn et 1670 om,”  in the 1liquid water bend,



Sy

In nédltion to tha intareeting contrest to the sgectra of the
sromatic materinle thus far considered, the abaorption curves of these
cardbohydrate matarinsls make it clemr theat it will not be simsle to ob-

tein the lignin ezectrum in wond agrinst this deckground,



SUEKARY S8V COXCLITION®

The infrsred sbsorption evectrum of netive epruce lignin has
been determined in film form end in Xujel disrersions from 720 to
3170 cm.'l. The curves agree throughout the ranse available to Hujol
with the esception of three bends &t 872, 830, and 1123 cm.-l. which
ap;e-r in the film dut not in Hujol, Although there is eviience to
indicate that they sre probably &ue to ebrorded dloxsne, thias hzs not

been conclusively demonstrated,

A dbasic philogoprhy that hrs besen adopted 4in the study of this
spectrun is that, in this inltisl phase, it 4¢ highly deeiradle to
restrict interpretation to direct eyectrochemical evidence 2nd not to

lesn =ry more then necessrry on cuemical datea for supzort,

Yractional precipitetion was applied to grin evidence repgard-
inpg the homogeneity of the mrterisl being studied, Seperation of the
native suruce lienin into six frrctiors snd detarminrtion of the infra-
red shsor-tion epectrn of the fr-cti~ne raveled no waristi n other
thrn the urogressive decresse in intensity of the 1663 cm.'l aldshyde
or keto csrbonyl band in going from the lenst scludle to the most moluble
fraction, on this tertstive bnsis, the materisl is discussed from this

roint on As being esrentislly chemienlly homogeneous,

In order to obt=sin # backprouné for vrlid inter;ret-tion of

the 14rnin soectrum, it wre nacessrnry o bulld up # reference librery

of e_ectr2 of comgounde of known structure, The infr-red spectre of
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many orgenic compounds have been pudlished, and em:iricsl cherts Arswn
ehnwine the crincip»l ohsorction benfs of meny orsmnic groupe, bBut the
lrck nf sta-dsrdizstion of instruments snd methods of presentatisn of
drtr mede it hishly Assiradle to wnrk Airectly from spectra obtained on
one inatrument, ag su_: orted by accuuulsted dnta in the litsrerture,
knother caneideretion was the fact thrt the s_ectrs of meny of the com-
wounds of direct intarest in the 1lisnin £is13 have not bBenn published,
Therefore, the srectra of & numder of compounds were determined to '
11lustrrte many of the structure-ndsnr.tion relstione which mieht be

of interset in the study of lirnin,

In compuering the spectre of there compounde of known structure
with the spectrum of native lienin, two gener=lizatinne 2rs evident,
The first is the relative siamglicity of the lipnin sbreor, tion curve,
Thie in ~ known chmrrcteristic of the aspectra of hirh polymar mrterirls,
The mecond basic conclusicn 4e thrt it ig futile to try tc enmorre the
infrared suectrr of an unknown materiel with those of known compounds
unlers the curves sre identic:l or neerly so. Therefore, there e
little to be grined in trying to mnke over-nll comperisons of the lignin

spectrom with the epectrs of so-crlled model lignin compounds,

The spectrs deternined in this study were found to comply
clorely with the general smpirical rlae of chemicsl group-sbsorstion
beand reletiing glven 4in the literrture, The moet importent conclusion
resched, hnwever, wee that there rulee mrgt be walghed in terrs of reln-

tive invsrishility.

The following conclusions were re-chad with ras.act tc the

1irnin egectrum:
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the usir of strong bands at 1558 &nd 1512 ca.’l in ths lignin
syectrun nre tdentified s cnarncterintic of ths mromatic nucleus on
the braig of strong empiricnl evidence, In like wanner, the bunds at
2700 and 2830 ou.’l, and at lish wnd 1635 cn.'l apre sanisned to » xoder
~gely ulzh ratio of satuvrated sliunrtic (=Y sroups, Jhe 3350 cm.-l
bsnd 1s positively Sfdentificd me Lelnp derivad fros aydroxyl grouvge by
ity uracreseive dise. esTénce on methylstlon, Ine 1563 cm.'l bend is
deronstreted to reprocent £n tldshyie or kete earbonyl group tnrough its
rangvnl on metayl £lcohol-bydrocuicric ncid mathylatlon, Tvidence sug-
zesting, but not yroving, the sromatic C-0 sné ssturated C-U origin of

1

some of the brnds in the 1260-1075 cn,” renge hes been diecussed.

This i =o far as ons mey grocecd at pressant in fdentifying
the snurce nf tue mbsorption brnde in the retive lignin sgectrua. Fur-
ther work will bring cut other cheawlcsl structure-rbeorption e, ectrum
reletionshii;s, but & nusber of bends, iurticularly et the lower fre-
qnonciér. will undnubtedly Lnve to be mesined to gonersl charscter-

fstices of the rmterisl ratiner than to specific groupinge.

{Other spruce lignin pre.-raticns were run for compsriacn with
the nntive lignin, Flreon, ?illétﬁttﬂr. alinli peariodrte, snd Treu-
Aenbers epruce Lipznine were run in Fujol., Ilae s.ectre obirined were
sur;risingly eisller te thot of wntive 2. ruce 1ipnin in "ulol., The syec-
tr= of the 1lletntter rr’ _eriodete lipnins wore ractic=lly identicel
with th~¢ of nrtive spruce lipnirn; that of alks=ll lignin wes very close

1 carhonyl bend;

escect for the noteworthy sheence of the 1650 cm,”
Flesen lirnin rhowed slmoert cooplete ~boence of aydroxyl bande and no

carbonyl berd but was very similer in ather regionsg and the siectrum
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of the Freudenbers lignin chowad sever:l im.ortrnt wrriaticns spong the

nidontified bnnde,

The scectrum of netive 8spen lignin, on the other hand, al-
though showing a generally similer pattern to that of native spruce
lignin, wes found to de considcr&blﬁ more complex, There ig » far
greeter differance between the rpectrum of this native hardwood lignin
end netive spruce lignin thar there ie within the group of the six

spruce lipnine igolated by different methods,

*1trovrh the synthetic moteriel known as fussell lisnin shows
# nunber of b=nde at ap roximately the gaxe freguencies =3 thosge found
for native spruce 1ignin, such es the sromstic nucleus peir, aliphatic
C-11 and hydroxyl bsnds, etc,, the egpectra show quite marked differences.
The most striking is the very strong cerbonyl band of the synthetic

material,

The spactras of three derium lirnorulfonates of varylng sulfur
content ss determined in Nujol die ersions, .articulerly for the low
gulfur (4.2 per cent) srumple, were very similar to the syectrur of
netive spruce lignin, The outstanding evidence obteined frow the series
wag the dies; esrance of abrorption bande in the carbonyl region with

incressing depree of sulfonatinn,

‘e agectrr of » grouy of calected tennin nand cerbonyérate
prterisle furnishag intereetins comgrrisone ané differertintions fronm

the 1immin s ectrun,

1% 12 Yelinved thrat the rerent ex,erimental work adequatoly
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demonstrater thuo Lotentinl us:lulness of infrared sgeciroscoyy in the
1f;nin field. It 4= hoped that these necesssry exglorrtory inventi-
retione cen de contlnued;&nﬁvutilizsd as ragpidly as yosafvle, so that
the technique way aseume i%# groper role &s a powerful  hyslenl tool

{in the ciemicrl investigatione of the strocture and reactions of lignin,



1.

2.

3.

1.

9.

19,

11,

13.

1k,

LITERATUR® CYTER

Brruna, Fo T, Neotive lignin, I. 1Its ieolrticn and methyletion.
J. im, Chem, “oc. 6112120-2127(1939).

feuline, Linur, The siynificance of reeonsnce to the n:ture of
the cheriesl bond =nd the etructurs of molecules, In “ilann, Cr-
#onie chemistry, 24 ed, Vol. 2. p. 1043-1983, Few York, “iley,

Yeat, W. Spectroscory sAnd spectrorhotnmetry. Tn Velssberger,
Fhysical methode of orgernic chemistry, Vol. 2.  p. 738-821. New
York, Interscience, 1946,

Johneon, John R, Hodern electronic concepts of valence. In N4lman,
Organic chemistry, 24 ed. Vol. 2. p. 1821-1942, vew York, Wiley,

1943,
Brode, Wallace R, Chemicol spectroscopy. New York, Wilay, 1939,

Learmekers, J. A,, and “eirsberger, A, Conetitution and phrsical
propertiee of orgenic compounds, In Gilmen, Orgsnic chemistry.
24. ed, Vol. 2. p. 1720-1805. Xew York, Wiley, 19u3,

lsrnes, R, Howling, Gore, Robert C., Liddel, Urner, and Willisms,
Ven Zsndt, Infrared spectroscopy. Hew Yorlk, Reinhold, 19k,
“ee p. 2k.

(irrner, W, *., et &1, Moleculsr spactre »néd molecular structure.
Trans, Faraday €oc, 25: 611-949(192“).

Aetbury, ¥, T,, et al, The hydrogen bond, Trens, ¥aradey “oc,
36:871-927(1940),

Ridenl, ¥, ., et 21, The applicntion of infra-rad sgectrs to
chemicrl problems. Trene, Ferndsy Soc., b11l71-247(14L5).

Willirme, Van Zondt, Infre-red instrument=tion snd technisues, Gev,
“ct, Ingtruments 15:135-178(19L8),

“rirht, Yorman, Applicrtinn of Infrered spectroscopy to industrial
recesrch, Ind, “ne. Chem,, ‘nel, 74, 13:1-2(1QL1),

Bnrnes. R. Bowling, Infrered spectra snd orgsnic chemistry, Fev,
“ci. Inrtrumente 7:265-271(1936).

Yiarnee, R, B,, Honmer, I, f:,, and Condon, ¥, !/, Vidbention s ectra
and molecular structure, I, CGaneral remsris and » study of the
e;mctrun of the OF group., J, Chem, Phys, 4:772-778(1936).



15.

160

17.

18,

2,

23.

25,

20,

27,

57

sinpnesr, %, Yowling, “ore, T, C,, "inflord, 7, ., and Willlems,
Yan . ‘laelitstive aresric mnlyeis arnd ixfrered ejpectrometry.
tnel, Chem, 20:L02-410(1GLB).

vilbert, ¢, 7., “ulf, . R., Fandricts, ©. 1., and liddell, U,
The hydropen bond between oxyren ators in some orgenic comjpounde,
J. ip, Chem., “cec. H8:5u8-555(1336).

“yrers, J., and follet, ¥, Intermoleculsr forecoe and -4 slrow,-
tisn bande in alcohols »t 3 mu, .ature 13Zi883(1034),

Tprere, J., =nd Caglk, Y, olecvler spsocintim studied in the
infra-red. Trans. Faredny “oc. 3U:728-Th2(1538).

Tprere, J., "&sgert, Y., mé faes, 1, Infra-red {-¥ dund s~nd
rasocintion, ., Chex, Dhye, 8:63-71(18L0).

Gordy, “rlter. Y“pectroeco.ic evifence of nyfroren donds: aniline
snd some eubstituted therols. J. Chem, Phys, Ti1167-173(1039).

Tox, J. J., And s=rtin, 4, ¥, Infra-red sdrorition of the hycroxyl
group in relstion to inter- ond intre-molecular hydrcgen bonds,
irong, Teredey Toc, 3616 7-913(15LN),

trwn, €, %, B, The infra-red s ectrs 2nd structure of trutoreric
compounce, . Cher, Toc., 14302:11F3-114F,

“snine, C, %. On the infrs-red bende of hydrosen cnubined with
cerben in the molecule of corgsnie coriounde, Trrne, Feredry “oc.
25:£76-87R(1324),

Field, J, ¥,, ¥ooéford, W, ¥,, ané Tehmsn, “, ¥, ‘pplicetion of
infrerad rethede in the structurrl sxemination of eynthetic rubber,
In Tobineon, Hisrhpolymer rhyeics, p. 2F-bBl, Yew York, Chemicel
fublishing Co., 15u8,

vartwell, ¥, J., “icharde, W, ¥,, end Thompsor, ¥, %, The wvibration
fraquency of the cerbonyl linkepe, J. Cher, Toc¢, 1§k8:1436-1kk1,

Haunrd, Tinsh, “pectrrl study of c¢one Vetcnee; “emsn effact end
ultrrviolet abrorition cpectra, II. Influence of the (yligand
cﬁih groups, full, eoc, Chir, &inn-(2(1941); C.7. 36:3720(15h2),

Gordy, “»=lter, Spectroscopic evidence of hycrogen bonde: effects
of chelrtion on the csrtonyl frequency. J. Chem, “hyr, RiBlfe
519(1:L0),

“nyieg, ¥, +. The infre-reé sbeor.tione of ecoire polynydroxylic
comgounds, Jrena, Taradsy "oc, 36:1114-1120(17L0),

“uswell, 4. ¥., Teltz, V., #nd Rodebush, ', ¥, Che effect of hyfro-
Fen bond formetion an the fundement-l froguency of the hyidrexyl
rarterl, J, Chem, Fhye, H:8L(1937).



30,

3

Wb

1.

-5

Thomysen, H, ¥, The etudy of rxreromoleculer by infrer-red spec-
tromeoyy. . Chem, Cce, 1GL71289-247,

Getjen, R, A,, ¥ro, Chep-lsn, #nd ©andall, H, ¥, The infra-red
nrisa spectropra h sr n Tracision instrument, FHev, “ci, Instru-
rents 13:515-523{15k2).

Ven den ‘kker, J. . A mechenicel inteprztor for eveluating the
interrel of the .refuct of two functi-ns snd ite ap;llcation to the
com_utrtion of X.(.7. color epmedvicetisne from riactro hotometric
curver, J. Cpticrl “lor, Am. 20836L363{1539).



LI TAJUAINDIR
009

A4

(598580UNDTY3 OM])
TCinN BWT Lo
UTUBTT @oUJIdg BATIEBN ujus}l eondasg e8aAf3IeN
¢ eansig 1 8anztdg
paes B 34
: 383 BESSRFE e rid 18!
= S SIITRIIn IES
b Seegiaes! s
hT i
HHU N
T Epoacesy
TEIETT B H
i i
el I DN [
NG bt N
b 1INT
Efcedsents ogg] phomy \ NGRS iSeihoel 1 SShs So5ed fsestiany 3 fears ioafd
2 PToes Toaas resse pepey pRpes Eaaay it
f2ad 258 I ERERRRE=s) :
s [ 3388 seass IUC Esks Fuscitiott
PR32 83501 EE TR} EorE) SRR EOES] S
et Py H e L2 ks w_
353 15281 cosed FEot kates f4Sot EraSY
3ogs Saazd Fraad 33 Sved 3
01 o) R 0] SEa o 1Y 3 7y
33 B3 2SS e ass pee st FE R e s I e S B } t 1 [Bega Eeel AR IS s
B B e R ey et e R st Pt R i ; fpacsEeaasbess 501 S pia T bpett bednd RS FhuRi 1250d prati sepbd 251 Soo Rt b4y
3Teqseset rroepeees ppeacas T 3S353TsI ot s sTe e o 33 sy
PSTet BEe e REstetel IRess betn peges 1 TE ahee 3 SamEs
£333¢ ERSSS J3EEs gated Psay SEERY : H 3 igi3i5e: p Eeed
Pt : sz 3 This s : T + e ppesy sours
it BISEt FRTRE bEoes FoEs BEEs BOUE: DReti boehy ?
1 5 b heEin iy ity oosl pbagass beset 134
H 8 RS LR Ra] Iaaae EEaet pats: pesss 333
505 4 S > B h S 08
b1 S joits ydest je3d 333 Soned jeoss $e3ad Rased Fds
3 4 1534 Reapatunsy beagiruans fognd tunes [ores sRogt bood fEo0e po0t bos0s FORRS SE0TS EOE $R22Y
{ - 282383 SRcka SEean A 1 sEcsEetas OS] Jaste fria] PEots SESEE 30%s sodte BaRas Socsl B ad!
4 n =g reted i 3 ¥ 111] fovad 008us §3401 Soiag $44 §504¢ poatd podq
H st IR I DI I e
1 - pote s resy
: = H e
ISTTCTITE O ER] SIS EERR KRS PSR 3R buasd puass T , T ey ST -
PR 11117 4 $4004 Swgde 3 s - +- i 1 -0 I DRHL - i2s +
! B = £ e B e e e e o) el “ o (R e RN e e
e serey jeees Fose T [SeE1 SEE0E S300 hets FRgte ests baget
T E3E HiE T B TR R s P el Bl [ PR ST i
3 st 153 nndag 45944 bEseg 44 1 1 $o10d pEbUe Sguy bOSSE $epss paady
eoy [Eeos asas seoge peass poasypyacy sunoy cyves ErosR EITTY LYY aTsTs I e oy :
80 S adhs hoe - L o 1 hu s ophes e
s padts jsss
221 e T T TS BT B ESES) oo 2T T
i1 gty S2TS BSEES peeay i Tl
predssss jpoed ' 1 EEEsEeeas pooes il pod t seesy
== seop TR I I PR T B P T Eres ey pesvs e PR Ev Ry b3 T
$3324 o B ot fass (3343 Preet joss fyatd henaybad p j357s pyeys hrostzicks sheny e
SR B erees feets TR poirehr
ey 2y Eoey Pohs ESETE ESohd Epess [iev] roacy sesst beons boves boued Eaess fotte $555 Eoand reeed EESE: RSt RS CEEY fs3 SEE 222 1 J32] Sy pross prea i g Seses
paasd fiae PERY LTSS EEESS PO Peies Spedy i vy RTE foyds 20 D) setedsyedt borstpetes pita 144 Siatd seady bevet oo 52 P22y pEEeE Peeey
vaved SRTEA SEERe FOPES PEEES PETSE Lot PEott 2 Seust Rinsd casta ot 0ed4 poaet §sPot Pered beedd i T HI pessaseess fooss S2054 Sod og padas hu ned Soesd
Poogs fuald phess $6004 34 pged e feevrfovor B P 904 poe o peig Sudbs 1 584 punds bbatd $844 302
[32302Y Erwey pouy sisd issbs 3 Tt
3aed ket T o e b g 5553 FES3EEs Vi Fa5s 635 3
0498 = 067 sEaes oe., 51 3 5 £ 13 T ! %% 3
; IOy 33} 8555 T 3B T =1 > : —
e : oS {3t
: 2§ Rstagfaasiige T e Sge txee Fross poges pogd : T pagza8asts ssEed it j2s3s £o3e] iy
ey PR e R L I N L T -~ -y s
I R IR N T S e e e ] : B HE 3 5
spous Soess 54708 $200¢ S 1.37] hasssppges sogss fgeee T 1 T it
T i ST e 32, sor3s oo ST
P e et IR R FH B b3 Bopes b2t otey RSt keet ; e e peeey FRiie SEEEe FRE:
3281 B FEeet 3582 S2e8) ESRs pag Rt SEREELS: 5 P rem iy NS sajsnpn
: S R e e S T i e R R R e mn g B R i B
: [otts taalR 1224 om s 39T aild oS peege sy vie i eets e Sadts saadl Lo ols
S pe e oot e n o == 12 0s
B R R R £ B 5 e, RS Hes e i e e
53 baggt 500 sorey 2o Toues i Sane baded oF: peoee pose sefriee iiiiTyiiie
) ) e e Hif Ea R pIe oo EE T e B e R e R B i R B i SeH Ep n S  B
I e quseaiinl gy song bty pded oo squil biebs soo; P304 pongd pips Soud g upsey Sogue L L LN T R
et e T N T I on : : EIE EesE TS T ISy S EReT EooTI AER LS ERT ST s3] - -
s Shaad bhed . srfesespiirifroredr re b pbed e g SS00s
fos=s 5 Eeh = TRl peses EEaRe 53t geesy Frees
: 1 SRS ! Soee] Sorss DSt FoRss Ltay Seuts Rient Eoees rkaf [ys st seony panzesiudt podel 1 e
Rt t i in S b5 5 t :

% 'UCYSSTWEUTI]



I CAJUINDII g e AWivInTv e

- -
009 009 00L 008 006

SWTTd SWTT
$ PUB ¢ SUOT2DBUY 2 pus T suo0jl108Bay
ujugiT eonadc 8ATIBN ujuzl] adnade eaTllBN
v eandiq ¢ 2andt,
iideg
I
¥
H e
et e
252 &
1
T fosd fuees 381
i o tievfee
3 : =t T T ST
¥ * t
[ BEeq Sna $i LT ik Sbph shasg bagsi RS e Faastenss
B Rt S e T S5 ast
- T T 33 roee gy gaas poes Setey 1
H % = SRR 2 05
3 Baes SRt peee 13 T3
8 i 3 gosifes; i Bt PEE Fices tE3: Bl
- e Sy N8 Fead - 2551 i
r SL
i
: 3!
pa
T ;
C iE 1
* e hd 1 1
! 2=l rr T
i | i e B E m
] $yee B pos 83 92884 pbe e
Pt : e EHES T ST - =y : : :
S T At e TN N T
e nes I T e - = Eees S SRE e +
Soodkse ngs TR T 3348 Fnal t1 [ide=tgals) voh e 0s $zedpasey bbs: 7 t L t
e GH B e e e T TIe L3 SR Ss Fousd gus. .1 Sastaseges +
et o S — 9 pases spney {8 -3
o3 E53 ] JEEEs Jusad guyet tosds Zofen ohiod Shoy o= pases bubel 222220800 Fyacs pies
sxeeeys ] S RS BB Tt Ll > ; = gy o2 :
: SR I e e T L e T e B R bR T  EIIEH e R HH R
e s e § St as e pEsos booas bead]ges t t pasee secat g bd e !
= t
L + [aag pesed : T T
s e R 7 =238 T &
OFE ii3 BoLE EaheE ] 2t ¢ 3 & opfert TS fuas bng : Sthee
T T H 23T T T T e o% 2 S8 3 SEant puas: $ * 5 f884 T + 1
i ot 1 L TR HET FR R TR HEpn £ H ! H T b T t THEE i
ot it = T t 3T T 3t e 1 : + 53
[Eo=e peyey it WN b3 o guss0ads; k3¢ mN
e = s - 33 Ts spsrs T T T T T oo tifasos thatesanes 1T, Feees LT
= Foeily 1 Y R = T —t 1o hidis R s e 333830y
e = + S T
b A He s - feo: 15358 Bes A ay e ang stis SRa e pets =i
2] seegd ddad e - : pad pasd!
0s : e i = 0§
T 4] SEREE STEN Pages eeai Euey sesse : Y Saues 3 e T rrbsn I T
: or ? =il S5 T T T : 1 3ol sy P
R B e e e e e e B ] T T ] T et 5] e fa g pe e i it 2z ElabpEapr e =34t SE3Eeh!
gRes Bages Eeee fegss gRsd fiaad il Fpyaseas ey : st ! 1 R St 2 aaace 9t
b s = = 5L = : S o] S¢
e feast fat Feses = f3ead paateae: ! Sgs3 S5s: T : i 33
i - B
T B SR 7 preee e} = b =58 Soaas saee] ] B3
: : B35 $5331 Feost aees oy : 3 fiots poss R EEge !
HHERH T EO 333 Sty Eotey S ey o3 T EEE et Feissor: £ R ey Eoyh ey Ry Mo TS E s P b g et : 51 gt 1t HH

woTSSUsUBI]

5



WITH
TOY-HOBW U3ITM DP33IBTAUION
‘utu811 eonadg 8AaTasy

SWITA
9 puB G suotlj3oBJL
utudi eonude 8af3sy
¢ 8JanATy

12 sadnnbmstan

i Hodrianlil

B S SR T

et 23S 03972 tasa 401

i NG R

it \/;..N NN

T T

it RS

321 i e oo

.w 1 w “«, 1
it SR R
s ey oyeqteasinised
EEIE RS It 12221 KRaes SEeny ESSSTERTSy FpSLILOeRS R e
bSSEd $E551 EEE51 Eavet S0t BESRL Bastl B3 ss BB i
shpafreredasis poees E20d3 fob4 e Sg o id fady 1
R e IR RO S OgEE L

b

1323923001 pogee
221

TSI eTe STy
it Eyse
i

TITPSIITILe

F2233050 Sodad Segse Sedssseoed 584 £5934 Soved

piresoeses neild

PIS S ISR SEERILoI N

% ‘votssjmsuBL]

thiing
HH
sy jezyesees
L2
I ¥ + + =
jsgaan 3333 ERSRaTS a8 d53E1 b33y
14 sttt e i Eaa T i R b B HEEET
i
P R I I o
B S P E R s

I I STl IS

ot b ! JRese seses I

Sgted peuss
pages

neved fobeq

wsuesy

UoTES

'K



3T

[ 55303 podet

S TE el 1ote] poee

euBX0Tq Ut ZNPHO U3ITM £O38TAUIGN
‘utugtT eonadg eATIBN

{

bes

petd oetd

j2

pIeTyIsea:

oo
i

3 os

1

enpn:

peene b

—=] $¢

jSeag it

trrirerdpeire

2 o7

2 o6

i3 sl

St

=2

we

oy
e

PEIT: STt
et sl

S e

e

113

=gxs

ST

= oS

SYPe ey

I3
b

I

i

29423 ut “NTHO U3TM POIBTA{30W
‘utudil eonudg eafilBy

1

(103 Savts

3es 1038
pats §9331

2503 botti s

P Sertd soant

BaasBasse S8

ity

pEggenes

e RAY

11

~

wn
~

o
w

% 'UOISSTWIUBI]

T

s

0

it

% ‘votssiTEUTI]

wv
~

e

Hy

R




.t.
ess) 4t
f1st! 22
8 sz =
wivd 1 : wrtd Ih
o . : e ujuz eouIQg 8A}38 838TL4{39;
%O d3im LOIETAUIOA it i ocwxuwhouwnc mo'ngﬁw«wumguﬁwcuwuus i
‘UTusT] eonIag BATIBN TOUBYISHN e e 0s 6 eanyT 5
0T 8uanzty ik 53 iz
12333 e
538 g€ z
St = -
Tw i s
3} 3 1
e R R NI L bres o3t 44y d et + ﬁwu shintt |y bishe LY FTeTY RO EI EA I RESRS L PHs
=i gady QNW:. 113t g opsiiibiil Hriispii 1 Litgeppiiifiiiio ST
- sovey ’ESy proefoerroben 41+ EIREESS BRI LTSS T
S EER : o ; HETERH T I e B U B B
s : 3 3t peiis HEREHE T
B 2! ik Epdns imrmnfians 1 1 i, 323
b 153 sz HRed Faped i aney pREt fesst phay, i Raga SESEs S3388 bhasseagty
ihe Sonns Frroofisie 1333 . bt ed bt b s rufaets
thests 1t i Fafiiis TRIH R HH AT » g FESStICRRe FREEs Gatat
sl i i Eept e, i sty o S istH IR eee ree sy
ey beasd ol 4 T
o1 32t] ] = i Fe oo} EEIE FEToh Eooy
sl = 0s P T ; T £ RIS s I Iy yin
BN T Ty : & ot} jgaysatas et T mg iy gl ainals
e Y r o 13 20 T e T e
S S tean 353 Faes : i : el Fees Fasaspas: R R e e X
+i Fiaes m 31 §300a aans] phasgadgas Raseasaitytans; Heorrbee st Sagsd jRane feesagagangass: H 1111 jopas sy 1 apiuey pegiey:
- oy Th: 15333 I 88T SR aa s T Gaey sty t $ £1 T 1 1y 3
poos FEect brety e T : t : L
£ oy > HASR:
: LLORRE EHELH IR R B [ 333 3E: SOPLLET £ T £ ESEERTT o0 (4 B4 Loms
2 E==sT 35T Ty P
f B B Foat FEote Bsss haeas S3eibe I3 B35S EEbat sosys buned pnsd Sovas pazas kae pais gasssts AT
433354 $3303 fa=at iy t§5ed povud SR04 5564 fovas pads ugud bhops fuony boghd b33o8 Ebnte hudd phopu ganad ks 838 puayd (223184 us §edes biiod fabnagosbl Sous 384 balsl ous]
T Teir e T e ST TS SR SELI N . 3 T e e e T P e b e
R a s Fesas paaas bynad PEba) beded FA5S 1y 234 piued pagdd fagad Siund t oat &3 1 b33 bxe! P
ToeHE T 1238 PS231 Shae T Lrijlninivis jassad 8g3ud pe 11 14 5 T i3 bsung bugds jegs: 4 33e
Sadiiseds Siitid i SR AL sz 3 R R T T eIt
erbiric)s gl FSaet $3333 e Tyisfeit EaTs an: T 833 51 131 5E3ee : I pEsaiige
: j2atd 8 £ =17 epese: i
= $ TR 8 £ : S : :

T FSo3] 3324 heaat aant ban s 3oad akade HH Rages houss S5204 peand puase o : T 24 H 1 jeves hest epelsd
T FE324 $382] p23%; 1354 S230< EERES SREST chend 33 SeS58 Ffsea shess » 13 jaspedns jifeniieessdtagrasy o 1 i1 252182033 12201 EREt TSR 12228 $ReS 02250 PN
YR P POeTt Er T Py e I35 E R IR B s s B T R R B B RSB SR 0 & 1 T T : 321 TRs pemes Foves i PR ERERS EEoey 1S EY S3313
SETSEERl Eres KON 13250 PRt EECRI Y HippE R e e L Prei et rote s ks EaSEl IRt Raeed g theped tHt 33383231 §uned £301 T it gnpnnT Ry

E T : T jeTyaees RS ores IS TS
=ves F3IESEaI s : 3 e e e e e RE e g St tfity 2 2 past i 3Ee oot FE331
be rdot 050 sbod cein be T srend coidl Tl
1 jS654 2000¢ pages s ® baats :H. St
p3=e PE2T 723] a2t faaee T 3534 pasd 3 3 1. TR bt
23 R ag anka] vas j$48s ba¢ : LS ERae pe4a3 88404 Suest buukd fannd os t $§ 200y POved FEPH] houvy paes PRo4e E A0S
b T | g TR R T st e 333385 1111+ 43353354 byusd fhes] qaEE S el Sooler it R geEe ; T
—— i I3 State 5ot s 1t
EEE R353 5353 e ea3 b 1 Soed 61 3833 pas T o =5y 3 L e i i - ISTE: FERR R Beshe s I : b5ES
Saedieis] SISt Errst Ee 10021 shued t=ioq St100s 35403 e Sl 1 131 jess gas:
33 B e i B3 i paatt Easel fSei 1aeas san: T 7 eees B ERE3) Feded et ot Beer
S Ity IS : s ank e e £y 2 =S SEETH o
Bt ] Ten 1 T ey ssarteny
> Swevs BEets 29484 beded bogas phad) badts pogus pudid souds 1! T T sy hebod 1 I bod
139953 2204 peepsdertifoprapnsvefogug §H1 1394 phiey T oS §au S8 pupe | pownd Juun i 1 jstay 1 =31 os
SRR R L e e Hr s = STEEIE: £21 E3328 $3==2 Fyast see: TS s FISIIEL Eiass pegey i
it 3853 ess pal Lo T T e TR e e plped p3a pradd S50 oosd : Jad3isd j33 phoma od I =2 1338 0s
e n sSrren 5 Ers e R Tl 5> = TS
j=3: $aded eiad pidad o t Sopas s . & 3 Soahe si2es = 1
B et Dol F oot FEPEa saa=d $3 533 Phosd bonos ottd FRtos shany Soeed ph Jesst e nitf T e Fpets poamt jhaes pes
et fades sisds [51 Fooat EX388 Fooh] (Eeea tEets Poree L5958 22008 Poge peone Doags ppecy jod Baaag fas $hsdd onne Syred ﬂ.r.\«(
= e Fees el 1 R Easst sii] ios Foiet Beey SIS ISRy Bass
s et E e e A P e I B e B ESER32IEs] smisuae: Resebtens st e = T Errs Bevsa b Hifis
> L pobed Reues Saand [S=48 pE 9y ot i1 1 T s 30y bos
TG Sogert it i O GpEE QLR FE 4 i agos
- = 1 T
1 T I ) T 533545
jfeset 3 ! :
POSOT FRRTS popos nyewy ooy seens peay T fotad siane 5] T 858 F2204 £os + 2
EEts et Kl Hqa EfanfHdEsah SH B AR SEETE : SRS THEHET HETEE R
o T Ees3y B3I anhss : S FEeesgatas iy T jages iuas ta FEod Peets oot fotas saagd eSS EEee! Fegs o
22T L2398 Dpoag sasey 34 Soods povd ” P35 Soote guads t31 i pod bowug $spdsoe Sabd obg
o B ot st oass Foted sosas ps : = s soacs i L e e e T T5h 1 5
103 $004] M [R3 23553 sooes Soved onbed pass potas
SRR IEIEE ST ISl 2= - PRSP PEoee puasy s Foget poegope 13 232 g0
S B b b g i) auli i3ead : E3SE Seesd FRSSt 40,
SoRTR IEEe] EEers cored SEESE PR oelifrect issi feany 151 603 sty FReRe Petee pevet sptes reves Bao T 1 T aapnaiins 17
Eribtbs e e e, [ et e e E e SoaEt FaRsy bomst Sect  E i e et AL £ b x g ¥4 £ESET LSS EPSSS [ST03 bone:
EEEES Raped Lodad nybed besty foret b opmpimnon soppomprtiipinnerg e s ey SSass Biigratesasy
I 0 R e e Sy by Soves o S FE T ey s = = =
TiigaT el CORI SROTI [P0 MSYS benr, Eoed [Sye Sota Keett boret Foes 3553 teaet i)
patay 1S 20001 5004 S5558 $0008 Shadd 00004 S b4 h : S [333 $3X22 g g mes porais Ghavnd hunk &6 St Saocy In; ba-bas = 3 ool S333
caivgies: ? OS5S $2058 fotis $oLed oot Sausl PO TLETRES Fovtt ES0S Fos [S=ss : 1 usngsuns peiad s PEaE 13351 =T Iz

TUsuesy

‘UOTEST

%



susx0Tq ul 9NHD
Ulim peaeTAylen (1) ¢
TOH-HO®W
Y3im pajyeTdyzew 1) g
Utusi7 acrnade eatjisN T
:Jo Buaj32ede uotjdaosqy

al eJduslyg

torny

01

o1

o¢

(@]
<t

‘UCTo o7 SULL

(@]
.

09

(627

03

“ira

Poct en pus ONSHD UITM O3B [Ad4on
‘UTUFT] 90NJAS SATIB)N

1T sanzty

o3
S IRH
e

P th
iRy

1l
s ea sz et i nil
:
brgeadsees ——

wsuesp

‘UOTEST

%

B3as
= T sy
oot
ﬂmmn 100
15524 1L +
T3 e B R I e prer peen
i i1 fo8t Raasd EEEEL o2 2Rt RRate A ol
5] BESSE RERES EEESS iota S3E0s I S FRES1 Fodte EEL] FEots basel fsast Rases facal S3cts ORI SAA
sotd Shuse Petb) et thesa FRoRe Poseastes PEESS£00% Sorne pesed Sevus siey Favds poesd
st vt pret TR RIS I ERaX: pasyaecey
o= Fi3E B THED pes]
: : JE33] eeka trv ey ioert eyt
s S SHER STy reseycyess
e ogsz - B Heder T it ot T
33 EES3 13 B B SR a3 B e Tes S r I TR e
£231 byes piat; SERETEnEELTL A8 §554d Jtss E3ed FeEH ERAn!

et T e

Foeord

anay PREY = T
Spaad patad b33t o)
by oy Saodd pooe Piuns Sodes 53¢ Sonss




1-'wo ‘Kouenveay
. 0801 00Tt 0STT 0071 0821 0091 Ommﬁ
z
TofnN
utusiy eonude uosB TV 0S -
pT eandia - Pocfen Lus
NPHZ u3te persThugen () ¢ —
CNBHD uatm po1BTAY3oW 0t
‘Utu¥ (T sonude BATIBN TOUBUIOW & ===~
uiugr] eonaar 8AT3BN T
! $JO Baj3dede uO0T3AL0SQY Oy uy
el adnuty
it 0Oc
i
TR
j2ie} 0s
st o”
sz 3 oF
8
5
05 &
8
st R Os
ST 03
0s
S¢ [o72
ST 08
0s
086




prEgpaa] pos
2R S8 by

t

utudy eonadg TIBHIY utudy eonadg Jo33BISTTIIM

I
e
TN

Hen b

3

i,

[

T

T
1

fr1is

pa

1Tt ke st is! RS RTeotinas] dotaeteass

T

Jizks I8
fEsd 4
351

1

BI%]
4

Hr

E3es
nerg

1

T
1

S84 tagndtsias

1

s

o

L

Tt

i

e

T
HY
Hi

125

1t

1

HEeE

g eyens Pee

o

T

TIT I

et s

‘UOTSSTWSURS

v
o~
L

=3
wn

%

i

(711

(4

b

e

&

pee

paass

i

T
14
L

e
pesid

21}

it

Tier

H

1IN
A

i

'UOTSS TESUBI

n
~
%




UIUJTT 9onade 838pOTIAL

sT

UTuui BUNJIAT BJdAQUBplivd gy
r B L <

Saetd

114

(=3
W

4 'UoTsSImsSuUBl]

p3eipents

pooes iasst

+ ST

wwsuesL

‘UOTES

wn
-~
%



A £ TR TADUINDI I

009 * 009 o
: TR
! T
i3] Epeaggast) s 5258
:
ERES b i 1
WwiTHg witd ; T
i
-
utudiT TIessny utu8yT uedsy 8Af3BN :
i een:
02 euandt4d 6T oan3idg i ; Hi
;
B2
s
Paahs od 4. 3 + 4o 4 PSets & + - 44 4
Eesadbasss isss sake Soesafsnsy t e 12ife 1 paas! [Raa] HunnnaeRns sue: t1H et it ottt 3
11 gho SRR HE B et { i1 ] sqRuapy hunsaons T LEL 28 ety ST
! R HE T ; HE : i i 5
sgdsa gus & n 1 s T a4 eku 1 1
PTEYS KESTI ISy ; : R 2 =
554 b2 S3pssasasseedantattilistonises BISESVRL IS8
1 I R E T HHNH T S s T
o d 24 7z i s
T : X 1 __ T +
REE FRYss nduey oid aesgagys sus; T ass: 1
T B35: iH T h a5 T I
B pyes tacy : ; ] i T janssss
1T e T T T Tt 0s
= : t : Frrhrt
1 T THIT T '\ ! 1 Y H 1 &l
: I i 1 X ¥e
: 2 : + :
I T T b -y T T T
: FEThE T st
23 : : T : et
t f ’
i : i R : : e
1 T T I35 ST 7 ; 5t t ; ] tH ¥
v 1 A A
134 £ i i o
I3 52 ; TS : = on ; ;
EZspetss Eeved : 1 Sy sass ; i i t i e T : T ; S 7 jEE3 st
jE guogsSodes pobes T ¥ o I s T i .
23 irss say -
T : B 3 saeme e e,
s T I e T = S agha T T T T t Hit H
Ty 5 HEE } o 1353 1533 [P s 1azs! 1 Fiz: [y
22 : : Ssiee: st esss e g o T T T T Firee] 5S¢ o
: : t b i THH : B 8 E: : t I 3 g
= t 1 T 1 $ ! t HT baes T t T : Hrt aaseast,
SETe s SETIE: $3rEuTe ! BE3ge: i B el ; oe puas B
1 S T 21 s L T @ : 1 T HT 1 HiE R 05 -
-t w -
: ; I T n R e I Lt = e : 7 H SHEHE R ] =
: } I } j324 p3adds: 8 ERses } HE 5 g
R t : : T
] =+ 1 1 T v T e gaew b
pesd padag pdl el I 11 T &l:vA (3 4 -
[hass Bises i1 5 : + ® : z t ; T H T s ®
oty sesasae: H : Sogusey o g : i Seestneay : Tofir T
ettt T ¥ v 1% R T t T T e 1
peses ey - T 1 1 I 13 pas 11t T : 1
2 jog : T e T 1 ies 1 ;
obet T 1 OB i  gai ( T T VD0 T 1 X T
ud Ras 51 138 T jass Tt 1t T T Tt T ottt t
T b 1 T 1 5 &= ot e ha: T T 1T [Faoy fecssresals: -
b 1
> T T : : : : - F5iT T
; o 1 1 : 1 t i s paraesy o
seforr by - — T 1T 1T [t T T T
et by - I E s b T
* I + T aneaaansy : T frah e s 1 1 I T
S s ST - Eaa:
Sopes T 1 baals: T I T T 8 Sas T : tH t !
< 2 1 T T g T T 4 T 154 B8 1T
33 B Tt ey T T T 1 T " T Pes
! ! 53 FEEE I BELE SHEpHT ; Hinn 2 } 1
S IR T ; : 5 T
b e s f ; i eee s TR ; gEre ant =
et tetad thats sotd ~ J8e <. T T AgEee T T T ¥ H1T I T.
! rd gmas 1 i T
= T B T T I3
DRRGE Sease snens proes 1 T rf b i = paw
pRod suned pudes poywy frove 1 11 I + T Hy T i 1
; -
: > T = T
294 Lroes I.qubbrLLNm o T 1 2 1 Tishn LE ST reas TH 11 : t
t )¢ 1 1 I T O0EL 1 1 s T
k5354 oo 2o T o ! ! i R e { i
068 faues bues o 1 M Sauts sxkgsagss: e ket pgd i st T T t 1t Sy ve b8 o
1 e : T i fung be an T T T T t
: T i HR T IR ssEaei (e ant sissy Rece 3Eaasy T T :
; b i i f3sgsssans seal SETSISETTULRNS HET it : + t L
:
: I : T et : : = : T
] SO : 53 Foa: T HE TR B Ees ioh : Ea0stanefand] : THiH
=3 goney 0os
T T T 1 T : o :
st s : : i : T : : T T
sy 1 ; 125 5 T Paas : H T sams : T = 1 1 1 [ 58d pnate T
! T i 3 s Tif 1 iy T3] T T t T T s Pt 1 ;
i Ty : i1 P s f = = Hi1 Y
: T : ot ; EeSl Sesgdasesy : s ST iin bocreere oy RH s e, L = ] St
T T s et aa: te slaes inezea: T T + 1 I . HT i35sse; s3aes
paoe — t T I 1 28 e 4 & A PNS e ——— " POT PO DY Dl
> s




o« ey = egTurn fopteT - Sann : I
: & ! [ a0t = BY CETCER -~ © T A BUV S Arer———
CLTe = H gLtk o= ISTHATHUM B 5500 R aac s {sAT1TsUAL OML] 0 MR TR En ot

1
1 . i :
Ters iy . + i 0§ Teyny : e — o5
R e L e A | B A : WETEL = @3BUCTISOUSTT WRIdR BRI T i B M
Coo Pdlwg g ADAS RARt S SREETTRRAS RRRE ARESS UG AN 11 BInTd : erroeegeeeed dene B
= ]
" SL

........

!
=3
3

% ‘uoTSSTWSUDAY
4 ‘votsstwsuvi]

7

i
w
~

Q! P oobrr




T - §/%400 ‘Yoo - €400
‘g6l ~ 84 ‘Peo - § :STSATBUY
Toyny
LWdlv, = 24BLOJTUSUUST] wWnjds g
¢ SunLT

WIS
uluriT eonuade 83TIO0TYD

$2 eandryg

FERTITTITOIT sl densfusunpn o e aag
i3 T g et QOLT: i 111 QURE HH
T I EEERS B 5! it IS
IR (1 et 1oast beoH 8] i § i il
B I Rt B R R T2 EoT0e Bimihing JEets eee:
ot Hipprppheager sejiily . o formy [2heS 2oe9! T sz
T T I e i $C et Iegs] 1 bl R
S5 RS HHE i o s e Halfi i TN
$53) H +58 13004 § 3398 il i fs49d T bosss Sodid
b o3z s ferss 31k 3353 E8S33 T : T
o i 5 BRI SRR IRRaRE Hats 1 it HTHIE B
=i : £ dhinpaiphife HHEES ety
T el PR TN e srapLagenp s
T S N 2 Sags ayes oA T :
£y Talinis X s e Behs 5 23
i HihR 2 T thes i
: 3] Soiisesey £a I IEH e TSI I SO
T PN H i
: f tEEEEs AN o gel 51 {3533 §8asd Ecs bEbRy Ftesctos] bt Ny
Seseyen T I333a ey prssseve
R332 csed FERRRETESS FiseeiocH 5 TETR I3t gaiad ;i [SRsqbagas Fisassanal t 1t
58 e iR s R ot U Stssas t £Ssapsitnd EELes
s fozee o= )
o o1, fEees ST T 53 s
oo H EE. o eeeed Bast B 1] { Sy sias : o otid
B 3233 I B B I LRI BRI a .. semeRrarafers s e S TYTTNT ——
et nifing esi st tERRS RE3: bobs : £ g5 : 3351 fhogy forad Eouet R
Feid (3334 12528 dnagy podid f4ed b2y Shbha had
132 35 FRE3 B ) B R e e s e e
B isss e b BeR ses3Eatt] i i
31 1hifitigihie = <
L fatipins FT3TTEyeea seen 0 S =
i [T B I 2 ageaga: : frids peiaaisadinsedibiot faseadutn 2}
S48 St Esh passasns 8 faigdspety sovel : 3 sgacdsanay Figee foati adtts L
i RS 3 £ T e
3 i 3 135 bt
1333 $333¢ sores poate b w owad
TE BSES EEE ST EES @ e SERTEER 13 7
i B35 S sSgipeast pives : a il FE2H]
SH FBsSe S0t baves g 453 33 5 e Feas posts
ISEsssoss peTeT pras) sze r2e E3Ess seetevares rEvny e
R T : 15 e i asgagass s ee & i nnhansiny
i EE s Seeet ase: H w” LN [$358 broet fesss i3 gseaapdany o bgs] fesedings jsset setsy pabpa fived SE54 54038 $304 e Hered] st
s B g T 5 feeazegy caey T3] $S2%2 £32eY Kv: T
3 §4834 Sonvd 84 1 Pe48d t [94¢) veiy oty hads!
] s s e JRet] FSset Fette tigte f1agetonty Sk H jesait R,
e T T IS pesy Feesy Expas eees pra povs pevey EEHTH I 13551 FSe3 FE083 FEo et FRERS Bagas by e
.- ] beddsidfooregen Iy rs Py pen i3 Sased Heed § 2 s —— —t e
S b EETea ) Cooe re s prope bt Etrs s peess emne 3 ? e ESTT IR} EEESR SRR EoS RS SE T Y o
331 RS Sorh] EETRE EI S EEES SRS RSk s $ e saptthoah i aiEngni s
e L BEEt) JOCet boess Ittt Peth Eoues SOREE ERees botet Fassasetss Fates banyd f.l. jigseve IH. $opoq foved fedod &e ofriogy 1 $38 19053 bootd S5300 FE524 FE00s sotod Sunvl Sooee
FRTEIE F FEEE FEER st etass Ferhy e by s et ks s i L S e e e B B B i Rl |5 EERTSSESSS J3333 BRI 5
SRS paate bl 133 S eed aats eyet [Tots sas: 35 Ss st Nee SEEgeERyel feseq iotd PRESE FEtel RSHL PRTEs pagessssed Seet Fhred saeet huss e B sifiis
i R e R pn R a R R i i 122 ERER] K220 22301 13223 1331 : 11 RESEREeees 3
L e teees sarss ¥4 T Jo=3 Peres prase seoos seves prees IS EIL e seoe e,
+ Eotd bosediits . oy 1
dHiEnEE SaRnRiEmEnt 3383053
e e Thes e S Eaase B e e e I E e
Snfmpfiiniy 1 SHE R R
pSeis 13 Fhssq Lo tt] S SRY ER08] ecta ieRt Hgos poce: st
e SR s ey L FEET) e EE R E R Y e ELEes Feps Sess BRI e R e

pooey PReds RS Fiod] bt Shbes WT —eiiees =
et pressen :
s HHE G OROE T hope:
15332 BEER et =T S T H s nn ==
=3 GHIE S35 fae: bi3s $act pove FRcHd eysad foese Coaey Fesasies 1t R
R FEE] SESE 1oTE3 PSSt Fo0al Seestatess booed Ioses : SR
I shETE 13
ESIE R eg e e e eesee pper:
I$23; pozss i =T T SiRTE
S3334 fotua gostd T 0s

St

pens T 13338 50T
e Fisnahd suted ey [S3sssateal Sisse pesad ioal fate
PPed fouse ¥ 5 piees 2S2% 25259 82004 Abeag Fosey bewan

1S3 R3ass

4% 'wotssIwsuUBS]



T fasbasad sos:
B il In:
! B s :
o Bt e AT f;lll.) oI&T».ﬂ..» <
feeagmtan jsnsresc: P e
ses! T ,ynﬂ i SaiE] I
R H R T : : [34 IR T HEH
£SO e Epast iy 248283
nud wd oy < . - ——fy
ey bugpasanet titna ‘u TG00 wmu Raza ! “ G
. . Pyyarests s T SSirigase
wr 940°0 iy paaeasascs suezuag
ausnyoy, R Gg eandtq bazz
3 3 e,
c 98 eandTy st i
HO TR .
s T
I gy . Hrtcribiirtr e iy
5 Lt LTI PRI ey R
: ESEEsEtas oo e T e 1 Seliases birjtivth eges: o3aL) i ae
b nndatitse puiid fuskoteean enses sEON]CUTTRRT waie ¢ jasge syt st L 2 ST Ha N T e Ay I exemseaaa Iiemy
e e 911 % gguanns ¥ T R S ETH R HH M. AT B e 23
4 1% B8 Ru b &4 sus b i wel g fsesnanusdune s o
) gs. HH AT R vw P Hy as FTT SAREAT
e B pw : it . nges e E S renaypssuaransysyad iakixdatsl et poes H. o
nads; g funsnns: o 1 » Tt e he: S1EH 84 ansadean peT y e Th4d
2 H : 323 ;
rin ¥ e it = ST B R Y a%1 54 IS
N - ¢ Hiten 13+ 2 ah Fr it H
; T R BT ST st o
i £ HH 229 188 E : bass sige T
: : 17 A st gz oes: E H H
as T y oz e Eesuises sxsl —e g e
5 .m%m, Hif] tedt it =1 08 : D
1 inasasnas, re= e ISooIse = H Hirte £
Seisy s e R Sl It
1T r Spagsnsssssaazanzns H ;
L is ve anaw R t 3
»% : 4 Ba e a8 inssanatas St B ¥ - SR o5
\ass aa: va NRgey S aa: 1
n rdaeid HEaET et BT (T(.M(ML H e j
n + : 881 s T T :
+ e
. + iTf : : ™ +
: 5es 33
T 3% Faag : I BosessaEat susads s :
: 52 o aasiestriiassitel e T HHH L e HHE
p T A=eRs e I ednieaeatenasanaets Hts yne Snus: =8 T T T s i232: [
: Tt SEet, H Seeaaged e f H 3 agasass: : oes;
! g38 snnax anahss: ; H 238533%: T e gz o T H Hi HE
s 4 L T a4 i = Smos rwegE pusar ansepeers iRa3nn: } T 5 t
t e 2 egases: R ppegTss b s H HH 82 re
IS fey eaga tassd faasyanst T TR T A 2e2q bazaiboss: 322 sicisinatd i : T T i HrHe tepaq snasatisy
53 p=ssd feastbassy e dikast pass R T pesey srasysereteantianta i SRS sasuasat: HH B e & ] 333881 feaesstany pastsnses suznt danni bunt sEEtsissasaze] OV
HE— SIeyETIzeL: jasas danaabiaiy Susa sanessias aat ad & BT T . T t eSTSEay sunay exnas Eynes purny a3: Sdnsranas sonseses
VoS S3uss pausa gane] tasat Easnd eaous T R T R e SiiStssteseatpissiiaaadfen o5 @ 788 T R e R e e e 7 ,x$synm,
SR SEEsel IR STRosty Ressdiined sasy N~ £ o e Eaewe EEaES ﬁ.mm feead saaeaseee: tn.w; s Sxus! s Auas auzas punn: HH T faes = T -
e N Ras Pres axs T ay I 0 feaey &8 2 2% SsguRsas aRus BEREs Sa: = eaEauessasse S E AT 11 $
8 e e R R B A R i R Eif: s 8 i s e e L
passgsused s e HHY B R T tas: T B I5a s payns: T :
N i RE e B : R T Y uwiuuﬁ IWJ;L#J.WKW SRR sL ® e M R e L I S i s e Ees: T b
SNSRIt inkSd B N : oot H Yoss dEeat o2 b e e e e e CrHH Sisstasiasadis: seEsiadis: 52
HNTT ST e T 4'?“% fsses Raae trs e R 4 S et T ss3st
HEEHENSTE arh s 3 fiiis byt ReEsSEaant [anseseny - = : = £
Hrth - esgagas TGN iE Sa3EeEsi i 3 = S xwne pu: ¥ T Sasasagen Tolt % LT
pe > ¥ BadunRung P anssanyl sanbdswend SHERS T I BARDS BRBRE BAL T a8, H eaeass seessres >
o s ine T { s Sl R T T HHH i ITiRa seeTs Saats 3 S35
i e e togszit iR - J i i S S e s
- rne vwwwr EQRE BRNOSCRNES RRESE ) Enaus asas T H T s = R8s snsssEEas e ek T
[EEE s TN Fnea gaas e HHE TR 4 pas: EESieaity S e IR Tt s ) o
Seneucnnsy anns ee3a supad fast Sasagsas! aa inns 1 S H Seavsense: ad o 3 T i T fossesaves Sasaqcavese: Eoiy
songismay e e ea ea: = HE T e o e e i SEisiass it otiey HH . 3 dasat Ias Saamsan: T T ! H s ' 4
: = S 33 gavedsases H e e e A e fr e S ey e e =ee [sesteses s aReEasl Eav R pauTs
EEEETEE e R e s S o =i S e e e
ot =f - ] sos e Hss sy sty axs ey b= e e ! : 2 T : s
S I e e e e ot s e e I et lin Rl 7 R ST i fEisiss S s
F s e e SRR TSR t b AT e Saass aad reEEa N HEH o ESSsdsuass sases asrapares sos HEH T A H{o{«
ey pete BeRNa e prasd b od saaas seTaalants rosunn: 88 sy SRt py i riase saste nan i aen, ..:Liui% Fti H t I : i HEEH TR Paen ey easapaarass 57 E22R 05252 VY
Y eaae soeny puges raesy : §ETas Eazsessmasuns o feessiessse: Seeasagaenptassts : ; : 35 . =+ srgses
RS e Say3s Erdadiam: sevas i Eigoaes Baserannn rents S R esn S sss aeres conos paunsinsy SASERgeRe 0s sasas e = Ssssansn Eageasatystio g aents . S e FHIE
s e R e e 5223 3582 SRR A e e o e e R T 423 easd suay Secas ased sasss aam: : R e e T SSmpessiiacy: =
wirlufrﬂvef.v!».u”ﬁdtiiru.ﬂﬁj.ﬁvr. T Hr e .miiwﬁqnﬂ&ﬂb}“&n 11&111}5!1“4&&#”& 2 HE He Eegey : s e : TR e e e e R e T =3 peassasses
e S5 eoe bosey Soryd paune osed Raveansszs ae, T ezt basas 32z e 7 e . T : : iseed t : Sass punksasans 2T L eas Ean e soeas tasss 157
T Eoony et ot P e S o P e e e AT e foses sezes sioey Ltw.mrmmmnugl B et 1 Seat gt fa%adasq chnsa s R T e Eesassooes sasanse SL
$EES B eEE b e EHERY e ST e et eSS T e s s = = e tassacyzazers o o Teod
£2209E300] pugaq fuasy fyes shees taead ootad sanassey ==2 = poss3pavessetesoses saaes 52 B H e e = 7 e =
o Eeut] [T Eeaireed Fauey Sty Cousy sonst s2oss usay pusay swsmy Feune povey Hids o8 v..v.rilddﬂn{q.lél.ﬂ‘»ul.nuur“ql HHHnmmlmm.Mme jSused sanns 2a: S T pasus i =3t
e T R T T T e e s e T = i
sans St o7 v ad Bum b 5 aaes bosad : et tiTt e esmate: b A .
EH e S e i T 7 asses: R 19K i 1 Lkt s :
L33ipensy basayans * 0»... Y : +H L
T : : H : S
SoRE Bt 53 : i 17 1 Tt 1 190 e : + }-M}.i‘xr S 'm isas & +1
& } s 1 sass s ot B Y e3gsgd Bgsaats 28
H : : + T aasassasss: 23 Eaage sen i HHEHHE sqdst H : o3 aseaas: t T a8 fees SeedsssIEliG e = ST
=INE t } HH e R E re e R sz 5 - ; Rseees §ESE3fseszesssssioacy 35 M%y ] wnnvd.mus. i
N poocs sxand pan e SE T oI Dt ST 0anrs e nan nua Ert T T . 1 Saad ansi T e e 4 HL; sane agisasns jssaded
> ; 33 Hire bt e i 3% Wﬁh”&%ﬁﬁ (Sres T be Bans T T seasas H R B SRS e
Hr NG S e e e T e e T T e e T SR T e e g st ieny
b e sEiisisiiselys 253 b e T B e e S e o he THT 5 e e SSseistSaraiiteti Sa3iF313] aesysuanstassa aaty os
TN R : : HHH HEe T HEHR R HE T SR oe Baaed Saaus ae: T e £a BoTas eues S ry Es s Fasey ot
e NG feseetias T alise: S R T R e R e T os . ; e e e R s e e B e R i s et
N P R T B e e e e R S e e X : i - S e e s R e T 51 ey iatys
= Tt i } e B B B e s T e s ey SRR 322 £ ey
3 feesy ﬂy@ﬁnh R T  BEad seees saea) Susny buass pushy ossssiett B ke e Y S sey B & ! ped reses tanpsaan S SR e R e ey e e IR ey et s
! et TS Sanet fRass phnes pease pusnt b = TSt EIs Rt peats Sasel saeal SToR  sanen Passn eanes S pas Y faeat ST T pasedse: s e e e z3t31 P9
S Seees Daaey [oor s aname Ty bat pos sssnspn m> Sjesanasadeunze st =1 =2 Souadioysedons :
ssa2 S T e R bR SRR N Hae sz S : sl e e i e n e ey e SR e e e ey
HE N e sesetreey e e e T e e S3aes taasa sesesttens : = 22 = e S T e badsites phaay
e e NS R n e e I raad Soads pase }uc,r..o.ﬂﬂwﬁu,ﬁfi», 3500 Syate cenas § T + b = S Sue saad oo
e e LN 235 faeneC3nus sases ps=s 52220 ] ; : : Fisass: 5 Hu‘liu‘f”;t}immmirf fiass fess
g aans be e+ - - reves e - -+ pawes = prm— T T T i ,. : pesse Sosse SRS SeEas ey seses Bemaeoees o, o Soand
o Sanes naase Eonte sesay Boose Soues Beos basey S o + [rets seEne T : T
fSEsEseacantate B Eossy seney soais Tse secadciias peeet : jSasegountay : s = : St S e T T

& ‘UOTSSTIMSUBIY



i
53}

HO

AasTTidB D

Toueyd
ge ednd i

43

82t a3

§s3

pise a3

T T
2251

T

P3eLs T
f3aasmens il !
sod v Teat b4
& 25:)
{839 peet S i
\&H
\ e
"'e - 123
3 36828 pauss Rt 1
= i T
b J33 Hibh s SSr feets
335 £3es- Honhnis fisibish:
w8 T T
ey FSpspseset yaasy ST i BE
as i i s s SRS 151 e T
obed O A s paoss Bod SOPEe -+
S3%e reety joesi tisse fted faees :
=T T e S RS ) prestoeen 7
S308 babed o Es HEY T B BHEH !
: 53¢ )
ey presypEe
31 Hea SaEats
3 pE T eres tea gy ot ot
13 = o =

1
TH
ISt EReEa i

¥
s

T

St i

ssep peyet tge:
pepedoress poedy
EERRSERES: T
E02e $3H1 :
izl ESsEyfeess i b EHHILEY og
T e BR s eTrells
posss 3 : s Satag s
s pay B3eey TR oy z
ity [2e3s ETasap el Coeh] T AT
¥ : ORI .
R it 1i% Hrittr
baesdt: i
Tridiiis 0 paEabtlt gt
;
et asqcagel founs i
- + {388 1 vl
HE b 3
Jaas sonat [nad b b
s 1
Seysreiad o Gt T B
pasy .
joshnfac T T
T T P
33 pamts {3unacangsinen: S35y L
ozt o peaszguasy sqnys 2t 1522
iss : T 5 5 o
828 :
CITEIETsEs ThInH T iz
o e & : 3iz H
sTmaseess = eIt T i
o3 Loty < oty Seppe i I st
pestsepes it ity
oo e, fen s
fexseetes B Beseeyoeh: it 3
Ssesses I O T sery
sed gease 1 Sowes pe

7
o4
3.
1

‘uwm 940°0
auszlaqTAU3IT
L3 eansid

\
el
ik

CeTTIPTeR UL  PRRRT Prebdsestd i

ol Lt H =

EEsE AN IR 1 i

Faaadspesd bysryagas Ty 2
1]

=
=
sgded
i

e oanas
-
one
gense

=2

B

i

sedvssssel

jid

T

SHIE

T
ier

boesd buntd gohes

Tr et

w
o~

v
~

o
)

=3
w

juset

b38 saasa e eI RIS, HEEREY
1 e e e et e resra e fuw i
Exted boazs [ated boesaseas] Jasoagasss beass fauss IRt
2Ee Sant SRR I Hs st S
SR s e G
s T 3T Fisakaoss
S R R R e =] B
124 $3334 sgaal Suasesness e sld posty i
e SHANTE 53 SR
H

PR SR 58 bt

iy
14

% 'UOTSSTUSUBIL

TH

e ta

w
~

w
~

THIE

3 nang

[3ECeE!

i
s

wet

TRassbe:
T

T, TIINC

"1

ther

pave)

ST

Rge

T
3

it

ST

1T
e pegel
¥ s 1 =
e s : 388l M
Y i nin
& s : .mww e
TN i g3ty
== T gests : peshd b3
Tt T HE T 3 ;
o gaa: Suges puses i )

oS

H

pas

3l

e

111t

4

i
i
b1t

Si

i

aaghl

1

2122
o

% 'UOTSSIWSUBLL



. HOO Wity
o0 Wity ToyooTY TATTITUBA
UTTTTUBA 62 eandtd s
043 0g¢ eandyyg HO=%HO 5
i T
38 P33 L
i ot leptedpresdeseefoers o R
- 17 prbd i ety EEE Pt et Ehedy sty cent LM BRas HESsa iest ot it i i
cedrfes g bretfrresfritriree g I PR T e 1 S Sedase: o 1t issess] teety ssrpresys prevyoryes
i s HE[HR i als 51 pEESi chadd SSERyiesmsEasiln T e e e
5 b . - - I 1 : PEESE2u s bogat sov ot Esoedna S22 SSEo1 50334 oS04 nasss RESAE
BE T t 1 i i s ERend Es) HliERE o R E L 184541 p30d BRaEd andy Fedes SRR Es LR ET ERuRE BoE] p2ineedd
SITeETI LR IS EX3 ke rt 121 80e8s Foos souny yRpsd pies] I b nad + [eT3% PSTe IE0ES
i B i e R i i i gt Hindns b STHEE T (T Ben: st tah ey e
pougt 22 E2TI2E: il r Ho I3 TITT e fized $E23s 2Ys Iitsasentd fadneieseipacsnsasy 3004 eodas PEe4 sz
Teod o oRt SRS B3333 FoT g ices o] it H H by st EREsaREtes Eot: L 32521 > s FeTsy tEf
ittt A Hiniiio AL adisdss T S 4 jsasl siseiteses
T3 : ; { i HET T e i SHEahE
&a) g el *I] Seadu
aua el baR s Ran sl kakae satas annsd A . 3T 1 + i H42 os
: ST 5 h e
et damsie t : : 5 et s s [3a: 3
L o T 1 tefed = \ $81 T
: o p Hi 3 385, 4 : A
T 3 dias : g3zis in : \ \ \ s
51 1 T 8s s b f + b L L, - = A =2 st
: S ey X5 /
e AT Hit BN sae TN pase 12233
— - . saasy + + T tadifios 4. oW
masdsopad it : = ‘\\ i =T et o T
i e e b ; T Sy RtaE pacet tyast £ ety Hgazsibetey 3 : R
prred s iigd el 1 1 ; : SEsr: S T e 5
T 1 : e {Rasdkears s Bt [ past Hi et : 4Rs22
b gos t oot I t oA rp i 1o T T E3;
1 BeR 174 t t T : =1 FESTY TSy asTa cogay Begsy it fos s333 EC21
T e s jSasae ; 3324 PAST4 E2Sae FITET KSaS ERstefeens 335 bRz fescaposty tuee s ! : Sistessspuat: B n S
§opet Foone bitet phagd soper - i L pees o i T . 1 DS s sadn: JoRd REgaLs! e pu fanas
Losaisu : H 3 j35] JE03 IEN, E [iestcaaed snaydaisqanas: I H 348! 1 333 ¥ 252422 P
Peons Foett sol 1 igzs =+ (328 Sxss 1 SRR F1i knoss bpass s ne 7 Peos b pase: -
Fiee] Eetd bedad seast fess et oot 1 b jitfgee; thika sl kil saata SR EE30] (P H : Tt g
JS5sy F3Ees pssd sospa o3 H : =
pene: o3t 13028 Janss B o) et 1 " 3 44 Semed sunsd auy
3= P rieirs =2 1 + 3323 bonct sisse pannd KISSS SEN: 8 T ¥ : it ! B
+ T : i $3gehbesel §S44 buas H = t T = jEysyfststiace: T t pags -4
= Tiees 1 : gans 1 - ekl ke : by w
T PESal §EREs BEaes 5333355 F2238 ESTRY Shdad oI B1 3 131 TEERTE 3 8 1 13 t nas ppay pased 0s &
e es r3ans fun, J2 sgas] Bom: s AT HERIH R - HiE T sedgissis: .
H T Fress SLELET jedgaaetyiiangty 0s @
: : i oy EEseT SREsI eI 43T “ s rossyrevey : ] 7
I3 S¥ned 19333 bitad $550¢ pamad diet 1 P ona] x i+ eganngy gt -+
1 g paaid §odsd bu e w A8 S
b= t panne jpass 52021 -t 2 : 3 e 71.,
: f : + =spey T i 1 HIEH t
} H{r T 3 Sepestabes hrgnhs A g Sents Sheal Sausd 1
: T t HvH Hitt it Euh \gdas 23 1 1
H R ol gt st et ot sL® Y el sy :
T : ; HHH S
T g 83 ass: R Pod So0e BT T h <
Y : ; ;i Peentite: 1T ol ¥ :
,,,,, 5 :
: a8 sasal fon : TR ey Tt : Eeadistziiess
TR R e ; LIRS e e s aetE e By
o ) : . = ; It
: - T R e RS bR e _ SmE : :
1T 3 { b3 FA%S 1 3 HE + 3 11T -
t3edn: EhT T SR E HHet HHER R
B3s45s: trepa s ! HEER e :
3 b : . . : T TR eseabes) 1 S T pd t t
T e - paags anens gagsadul Tt ¥ oot S35 z :
Sy ypesd e nath ; Hi st Ty ; S
; e rSpess ¥ S8 Bage g fogasasand ot asd gudas 1 Tt
Nt e } e T tit - 4 13 S ahnnd hhuad na s kaoad ot t e e
333481 a4 £535) 1 i jasisssagsasas ! =
SN, s R : t £ s Hrraeahe Y i
oy Sesen e Ny T 1 - T 1 e T T :
o5 : T r33gass 3 b1l ST
T v : : o fesse! T ST 0s e ng kY e = S AR T H L AT, T 3ee]
ye JEneS PegTH PEyeY 0o 2 Spassee ? TaTR £34 3e 53 T 1 Saenaas asss L jass 1
T =T = el ST EEas a3t E3EoT Cos N puns ERARLSES~ coadits i e Eif : : jeis s SR
it : + o3 fesed bu: 3L T T £ j5a4 posa sy : 235! e
T 281 persgkiane fnangpéns ey pugey 3 < e ETeed Aol T
eI s T JEssi Besh st EREI b ! 1 S N e seeyasaceptesoysosapeses R 1)
: o s ] $a8s : gt o s T r e T tobieT
poses pos —— igossnres T t R T T T Tie T
7 H 1131 R Sl mfEsnnin ag35d T 1 e 11 T rrue fnas .
HE5EE EET) RESt EYERt Feohs RSt £ee] i TR T e e e e grsesotee : i3 b3 jaze o 7 :
SE5a0 SPes o Beerdsete] bonst sy 31283 EI8S et : jnnas p3 2e gt : yrEseass: et > % : o
; : S EEm e e SIS g S 137 X it bRt R hdee et _ 5%
3 ITADIE e 8 -4 I
T 1Pt BatE ol : T = jas] 2! T 23
= T t it ;
2} e0Enand boet 15 e - Eiseh : T T Hir T : = +
oos : oot e s : 1 - - T 1 + ot I3 fasedntasdastiinaes
T s H it 1T T TR 1 tH 1 dagesypeagengy s
Tt T S e T 2 Bl ¥ A t a5 : e ST
: Lot §52ms Sxasa by $auy suaks puz 1 s25elEaiiadsiy ST : : T R SR
it FERH H G e T ey : £ TBge pents sanal 238 PRI
e ot o Taacdiaghanes HE ey s3] ficy]tegst fatgdaedy 1 } : : el THH I3} §3esRsee
=+ T S aves geeagperes TR R 5223 T T ey o AN L aeh sadadasdsgnasts
= - Tt : : 1 a1t i -+ 22 adgant ; 1 I8 puEnanuaas iy T T T S 0s
TR TR R4 rausdanass 1 331 goss 1 HE R FHH og - : e T T F1713 i
=t Tl : F2=q [3354 Faa33 S gauss froazees —HEHEHE + T 2554 Bion il i
B : IS TESSTEy ERoRases ey
o i s SEEE R AR e e s e ] S e ) BT ) I e o
TR TFiiit s T T 1 08 sunas s ; 13 saaca bbud neges k23S
: i 23 Faeas bus 2t Lo T SR T HET Ay : M is33sfongsent : . erae K7
Sundseditd sosoyssays pra: 34 gnand bas Sgasgegisy 1 ottt gy s = j2a Eas: serks o oes s oS 38s bonsa P o
sy=es i : T sepieey
Twmeyw—y eosss 3 : 2 LT T 't e snosd pos: R T i§3dan: BEngageee preey i Baanq addes i base Bal
or t T b Poasy 1T tod huad: jasdsdna seuoRne H 129 841 + < T 23 2283
s fasstin Rt : : . LR : e i3 SR Ere g et Tt e ; : i <
Hrts ons puw: o3 SERad oa bt s T oS & : t
EST FesTI SETT! : Bt jeeryie; 3t { AL :
e R PSR P B ) Bl i PR TR T e R : fsactis i ety
1 1 134 84 p0¢ ippspepad besig iy foses :




AJBTTTdBN
d94 47 [A4185 Touagng
Gy BAUIT

(FARSOUNXIT {3 OM]]
AJ81T1dBC
Teunzny
1¢ adndid

ST

25

T

bess

12384

L

T

W
o~

Twsuva]

o
v

‘uotss

%

‘UOTSS TRISUB S

v
~
%

pasel

it s3534d bodas pones

113234581

T I ERe FeRY ot

R * iy

> IS ESeL R90%] heeed geeee
T [IEssesareyy rom: T

1

pogdne

joges bovey povsy

3
.
e
I
8
&
I3
i

Boatsbiatd esetRiges bede
S32% petd
PR Se Saday
jSesd phees
SeTTI SIS
Hepy
jSS08 23204
sTetfiis

pasdneeey poges
=Y yeney ISy

BRSO pEEve
TITIRIL

§ous oo T
jogng andd posss

13223 229t

e joudg ggand %




114

I .
avd AdBT{pdUD -

0s

Jod3y TA419A TUueLLOOB]
by ddlwpn : .

T

% 'uoTsSTwsuBIL

(8ASSAURLT YD OMT)
AauTTride~
foeuesnaosT

Y edLdL s

sz

% ‘vorssiwsuBil



009
e b

ST (sessousotys omg)
w
WL & T4
(duooreyy) 1% SUOUBAB T
SUOYA0380BOUBPT TAZU By 0s H G 9anBy.
9¢ eudnsy
se
TTPTT I I E3Re]
3 R “obe
Rbfsepasts it 41l (¢ PN IEITIIITT i T
AR s i
R Shm et
3334 o3 it $ TRt ey 33
e . i T i
IR i b4 3k2a2ciety S aadng: T R BT STy e S5t E
i 2 aEE L BT i e e i
S R i pecai st lisbie s it e it it
mm 13 .rm uw.%w\hz nmm#w mmm :ﬁ.f» w.w.mwmmw ﬂmw Wmu.nwn
NG S B AR T S D PR
T ISR i s 3 £ T3] A5 2 Bas et s s o aat
ize2ia2ed el paed et RS AR n n..m\wm.wnnﬁ Wﬁ..ﬁwﬂm.’ A ‘MTWM.TMW
g Eaizaen] HR b $e38d Ressebeesy i A E N TRA A
sy axaad feisd feua] e Ea feres Fsey io bt sty beety Hel it culiny R o feaEieaa pats: &mﬁmoﬁn
5 i i e FERE: ppiT pean pens e e T R R T e T =
: S o3 T [S2S s Eo TS FTiT 2 fSase fanssanazyraasy saans 335
s e e e it et e 35 e e e R s 5
I B e IR e pen e e TR e st e Bt s FRsisT sy e R s
o il FEEmE ! i e R E s
1= HhFEEES Lo BT e b [ EnEm
e e i HE R i i R R
Ers fEH I s R e Fh B el o et rees e e R mn i R o e B
o S i i i B R R T B e e A e -
3ac] iaead FRds: Bias) eI at Byaoy peges taass fox: = : e e e e et P e bt e ey g e e e = I
S e g i i i e e R e o e e s Sl g
HiE i st EEseEeh] béd 53 i3 el s = : : 159 yPany sanve! et e ST T =+ teodors sy
iz phad] FES1 HEH i o } ] HEEL ] I e e el i s e n e e e ]
e it s H e T RS g \ERE TS %mmmmmmwmm e Tt SR S HSSS i e e sy 1 gt H
] (33 dnamy - IS0, LogSeisasd soase 3| pans Fo32s 4 daed pad SRt 3inss STy Sres prr e e S ]
TR G R a TN e .W T i e i e mmm HET RSy FEaes [arsl Lok sies] ERLay bresy SEEE 5
SRSsiriaes e v S AT T L e e H SETs oses seaad sased fatadiotsl poned [afes beisd pRTEd :
e e Bt bt e } et sSas aasd faret B eeas pezaisasct Sookt SR e e e ) ESEs Eeeal KT EeT Roeas poeys
S et e p T i e s iz Hint bt e i 8 E s e g i B EE i e s e e et R R R R o ®
EH R L e e e e T S T 353 pes srsat HhIS i pars] rieht bavey i i 3 P B e e
St Y B R s i o w : B prppsmee phos oSl T R ST eat tesss
SSgssRabey ,.Iﬁ.oy'w : ”iH ‘IM»»HI me. TEiE 8T iS58 .ﬂm i s .ﬁuu?ummumm,nyomqum{ fm.ln Ymm{nrw.?* 2 .N.m Hhtndio
L e S st b permseay ppeny seettaat £ HEELHET + T mm i besty
S R e e e ERjEE i A m e s e e e i e e
SEREE £ S st £ FTIERS ppEs i : st
aas pes ST1BE RSt pooe] s Lasst pnsspeney asngsasadtighl Hophah i bt i oaer i TSP
R i m»m: s e s qote i 2 el R e
e dt» : S R Y i S [ B e e beat e
b1 CEES B |t o] FaepRpaa) el pekey OB Eoh b 13 H P Eraed i s i (ot et Lty e :
e R RO i T R e e ]
S e T T T peeas pheta pes jasss ! 2iss s frocs peees e o L e el
SEE R S T e e e it S T e e e R iih
Biniftets fexsidiass soant phasd badsy 8 et i e HH wwwmrvn, £ hfr%wm.‘: IS et e e rmmmrrvh
e TIEe=y T DISBagas pEnsE bote Bendeintat EIosz tast H 1 1 v..fL, =HH T foees se g seand bats]
R i s [ s SR e 5= =] &nm. I MR mmm ST E SR .
s S35 R b= Hem e e e e e e B T 2 2] :H os
R ey phes gespsissctanes 2aed : S : S e e e Hrnrw
S e e P e B e L B En R
Faass beaty Fitas {3g0q Searsianat fousyt Sees}Eseat Faies o O et gezsgiad i ey ol e =8
f2ass S ) phees F a3 EEETy Iy 55 iR i et et ey el R e e B e e e e SR e e
e pooas yooad S30kd cukba Lok3d FEEEY PSsE pReseronms 7 s s o R R R Shas piguchy b LR e g R etse faeed paves saeas sote: iepeped o,
Eya Peee bere: CaTE: EERTE Fra] foohs 323: Iates tosat t Sete - S24its4 IR e e N EmEmEE T R SE et e o
esiss 1551 et ined st oot vt e e et Tl St R B e e e HEE T R RR e e I e e e T
ped bauas DTSt 5330) s38pu poncs pauss Beodl setol fewes josag pasad Soa2s aas Se oot DOy bepey stene e T ¥ B +- (ot} T b Bass: Soeesreses IR T e e
Ry et S et care] Raaky o sat fRecd Soops seus braes [3oed fosse tadt : 53 ot taz ooy pazed aves fenae e res Erssssnaaies e SEfaf SR i mﬂ g
T I TR T s e BEjEn HEnY R B s Hisis i EE s b R e
oSS IIE0T yovan peawn sawas = Ehegas Eeeoy 8853 Sonne n s Faned stn sedacest . zee sones o) TS
P HERG RTH T e 57T 3e aanee sessesdedsiv) o - - T3 SITIISeTIecos oy - T e L e e i
Bt S e et I B S R s e s e e e il u.% i
e 53 S Das sunus b 8 sasiuny it e e e ey L i i : 4 erals
e s R s g3ei s ] R e e i ] i T T i shes b ey
B et S e B e s s R s L R TR cexisssnss [Rkss Shne Bend 2t Ees s e e BT e sicstbat 14
B s BT R s e e i e B R e B Rk sasis Brn o e o s Satasdasd R : SRR RN HES T E e
et el eSSt eadd R ety e S P S I B i i e e S e e e
Fi T SR pan S e ey e R Hati T T S 423
IR bred sans sevi pe e s poed e ! ¢. ! dr W%»”Mm. ytnammu wﬁ. - A@% eegeisacast ﬁmﬁm HiEH i
ba SEasd 2e2as oY) 2388 1 SE3es snaudtas Be : : Sealili3usfrsstsaiessestinss
EsH I B Rl e R R I e e e s i s et i e SR e st il
feses foooy possaseqny cosey sned FoLns 1o 3 0 iR et e e e b ey ey S I
Fa e Fags [1aes ERTN seess samy fress ooans e FeeR stas set i reaes L HI| i Teess sasatsaasy Psesseses el aySs e Feeey Syady feved ke den st FaTTEES
BE i pie e sy ] BE T Sk EiE R Ll ih : e s s e e e
jEEsiess ity : LB e : S S i e b e e
G pea i s Er] ) R fEa Mmoot ooy s T i I B R e ey e s SaT Rl Eanet Has] feett Heies SSE53 sane atsy Foved Foods kas : sLer &
Foott FEnss sease 0223 Saaty reost soos) EATEY j2oet Bogassl H it pees stwne pwews oe BSus foasy SITIATEaN] SuTT EaTTn eopay pawny 38 beest
EESh 3CE pEeRt 2183 Easad PUas ousa paags Ebvs faogy [HIR: byt 53isei = s¢ S ESied [ea s taeay Foays Eady fovne coemy coe: HE s SH R S SR
oAt Seres Ieete Saae) Eetos Noust ERIS SERE: bayey by Feasdaaed shatacanes oans 1 F T e T R T s i el b SR
e R R R bl e s ek ek e T =3 e e e e e e fE S el e R s i
B EEoE ety Ta e Lo s Pyt 3o R fred Fee e e B B e R thri s R e s R B e e T Eevn Baasy Sonedsoea B
SRR e e St Eay Rt s ppe el od foentaceoy sk e e e e T 3434
g B o] Dot e T Reots pbas cotid Sosh Bioad SaSet peey




,_W in (sPseAUvMD T
Q‘IZ\ RS
ugjesaar®
CN LS ®JILETTY

239

i

B R IR eI T

7

L

‘UCTSS TWSUBS

%

IS S22 TS IS R3] PRaE SRRt AR e SRRet [-20s

L

‘UOTESTWSUBY

%



k3

40 ¢ ° oTw N N
(=49 Q0ZT-u05 1 "ulue
S0M0T) BTV A pum Loy
Loy phqaeniy, nyov
Dp4PuB L NIL BATIORUT

Jb ddnL g

g2t

Tieis

piged

IS

3234
peses

Tfeirsls

T

pEEes Soved

TwsuBLy

‘uotss

%

"

943 TAY e,
STEVaLL 8L odpi4eas s
6¢ duNIT g

{oussus

FiTrr vt feren
spsad 8]

13323

DRSS POOTy

BT sy
prase soadd

twosuel]

‘uorss

%



RasyrTu8?
EIA-NYN e}

i =({ TAULQUAXO {308 p-g ¢y
™~ ~Tadoad-gj~ g -( TAU3yQ
1 ) ~£xX0428WI(~F ) -0
b 240UTH

Fue
F14

Llen
. dousn TAd,
mu,l TULRIUQUS }

os

HY NERR —Od L AyBEOd phy fU
: 2y eanzld

e
el
>

oyl 1: st iirionE i
e 55 FEER B it EER
teeede [33% SRR RS 8e $e 13228 2800
i HilhH i it
e FHET) EEE R b i HiA
s P R 1y RS It AT 3
. cohed A . i bod
: I3 1
AR srfit
T N e
b3s3teti Baf {ohs
Sst i T
1 el
ol d {4
= S
I3 HiH
i B
P [33 ERnes noeel bitss it I I IS e mh
i

el ecastererfieantoas

TsuUB1L

Tty

2338802

'UOTSST

S SIPEpea
jesa beld

%

Py esed

% ‘uorssimsuBil

iy

jeees 2oed LE2ei RReeq Rhant need

133

Tote 13333

goeey




- 0 AJUTReI

009 00L

- WO TAJUINDILY
009 0oL 008

h 4
A

‘UOTSSTWSUBY

J5S; FIEslsEtss SRR oI
1
23" TESIEEE: ) e rslseast e figes
gebinhi muSOO b 244 bo20d STt
jused sugiigestd [e3es e T
ponys Spass segus x ase AEcay ohnas Aosed seats
St Fied bl £400 iad sadetisel HE
fEaal E8anl Aonad B nsiasess T
e e e Wit e
- ~ HETd aey3 T TAuzen EH R el e
. . . T
=H30 q ol ¢ JL9U3Y TAYIewiQ HO—O0 TousdneosIpodpiysq ! :
- 44 b s 0 e
! pisiseens
7400 H 1 V*HD Touissdouig wx ofHD Cp eanyid 3 SnaginEyal Shteanset
- Y t 5
H! CHO  BP eundid HO
N
HO=HO®HO
" ; tpp s e
+ Fafeapt o e St Roa R e P T I Bopdyssnas pinnd Santyunannhas: 3 z +!
R s s s e e S g
j335ea3d BeRRa0ee "o} 38 Bops Saget e s35g uses  3ebiagd plhustse 12459033 tE5ey F I beH o St :
-t KRR 1 - + T & ) L
3358 $2sRT ezt by 5 RS IR phey ; Shigstiassss: 22 §anaa
HEEH: nREEHERE T e R e e -/ i
3232 hadga s g sI8 f3he H EEEE ERTES siisisatsss H 2831 Eades
anuay fas -t i ft 4 Fryedeide " ssas
H s 1 5e : . 1 3
IEn e T T S 1 557
fri it ; _ 1
. by ¥ b ¥
Ras t 353 faai Benas pouy s t
i R g g = T
ry 3 rs H
7t AT e os S TR N N ! ! -
3 11389 faysats: t : ex aggey 3 £ T t ! e bt Ty
: : {aasEe:
b e e e et fead: ansd e 22 pase e e et : s ! =2k T S
4 Sagsgns pused pugss fogs T
= ey puos eTIITE IeTy T T jua pans ns 1 T 3 inat, ,_ 1 1 s = T
Sades sl i Tt T 1 at ; ot
b iaad 8 T 1 sdnas: : t b t o e 1
i et , e Simn e R e e R « i RS R 5
T 5 ; ! : H b sags: hos
ot L ngRt : 38 HiT ORI i : : : ao! ; T S33SSEE Eeasa paay]
1323 53 P st i t s : jSesi feaed
5 PSS JET2s Sy roges ruvoysaney soyse pavuy pemneymze: S - o ;
B35 skt Koy s s e It Fytey Foaed seee) s £ e i s T s B
EReaEoIRt Foest bovel FATe) Poney foonesasty Siest ft: 1 1 T T e e : : S REahs
S EEEd be sty Boet bosas oonee by T IS bubal el + + 1 i L - 54 sugee pane: = gz
= B B Bt g et FRSts phaed Eaass has] paaes ST SSEed FoTRd Eeestseom bo : ST B e
P39 Phvas s prass byt igng sz ..l = - T T T T Aanhm i
o B TE: Fyte pises s pa bl i i RS o rad bease pou ey t L ny 8 i e gaeets Hod f t Tt B
S Ry Locol Peoed SestSenas fegs, S Ponad bonne baacserd v T ot oy R he o hnedd S be) T ¥ pa } B e . T T s Iats Sesy
354 FRevE Sonal 22 FER: - 5 8 T : T ot o e T §Egastazd 1 : 5 B er 3ot kEess voss 7
E Y EESeT i trfs o St s RAea FEsaE FSeed ERCE) ERpey e B R T T = VG e i T : j2=Se3xa! . T3 Freea pIT 0s
TTIT jssgaguat IS8 $3223 sSuds puy g shuuy " RSPey Sohay gaged & Hilos @ X o z > : re T firer : [Eess s2es) sacettsasy saastzasl
I Liias oS sese i Terfr e gy PoRe TS e s Eoad Sge] ] o J{aﬂvJ& + T T i + + 1 : jaska: roned hans JSa0¢ sopud pawing phoss
T 28 S3es $auna Sucd $uogsas : . R Cd et Bt Se et ST el Lo Ty e ed apsbd ey . T o { be r -
VSRR 2eoRy hevespostd funat THY 2 Sagsas: Panns cons] soosy Siage P HET e Beass pasy SIves bet H g \ : : : s - = Tt ﬁhm
i : tfasee a2
3 SE0ee e dne sakes ¥ - I 54 1T TIT 1 poss Rty PoeTs Eonse tests ity jasds
= S ! Esasedse bekesbinas ] FEess soes Bes e hraagsans T TR AN T - = PFTee ponse peees peuns prute yugys Sk
TN TiH T Py fused savy St xR A v = ot 3338 S238s 1327 difr
e sreeeny : c: ! : : gsat faagt susty :
i T e . : 7 T 335 gan eid o e f : T o=t
538 £330 oges sanya saase j4agss: th Peeg soueu syead pasuqnsund alaas pugat £t : o = RIS T
S P3ees senes voy : F T e gront n ey 1 p e . T X 1 T L
1208 endah SEo oY Bons el t T 1 t 15004 bipas bused bopad pbtes T \C 11100 T 7
¥> 4 i, {58 03e88 FR0eeRR0 i ~7. 5% puams puwna Sas s 1] 51 [0 Tr ansipang see] 1. 1 7 a8 Eouad biuas bov : T ras T 153 jasa} jEassaed b eas Soatisat aots 1 2
S333 03353 FEEea BoREs FRs XRRR: R3aR Ebs] £oas: 2=Ts : T S5l BREES SISLS STy eEeysadss : o1 8 : fSdgadessns: e T : pas -
pregiging hynos i (2204 pased sheys 844 beood phoad ba fags baare geas 2easd Peosstateg oe 1 T 1 Suuua ks e ous ot Tt T PRy RPe s stues o Tp2 soas]
2 e EEE P Eeres s s e B e TRy IS a] STT ] SnPe Feonssuayy rnupy Poves sevey suves anasy 3 sy ey SSSIEInIE el foss sxas; rEE Jasad sarpas: T S oy
: 482238 EALes EE3ts : o t .t e i HE R TR e Sop Eeae o3 =
3t foseq SEnt] pouty poutd poted faoed Tt 1 oz FEna: B EEERT e e e e
B I i FS5T SS35 b§ag] BEaey EucesLa: T3 EeERy even st g3 sass3s] § ! { :
[324 SET0S boaas S30ss T Poses tasay sessssased r JE22] SPust sesad sutes tnaas T : 3Eaasasee
ES S posas casss polet bonat sgon: usediat. : SHnh e foas geaze fe : S ore ST R
eSS LEas LTI PIRes Soaae Seoos BTy T T oo et —h i satas Tt : " 1 ¥ T NofECE og
sl : i s (Rsaed : Jeess pevea oty : - =
Fuend $5004 Sobad ppade + 20Qd Dos g T bass g3 : NG g : - 3 s 2 e Nt
- poy - - - b - LR - + + T T ppovnsanas o = 2 SPOPS puags
5554 PBad Eassd Sxbel S22ed vones foets o SRR b2 pams : : oA fezsey s
SHEE SR X : 1 $
s SEeas: [Rets resey cas %4
e BYIN) FetTy pyss e=mmy soees = i S Eepey os: 2
BEgaq Semny phosd shus S522s MRSet SRty petes L iye oyt 2oy SaRy beey R i SEIE t = s ] §¢
§3854 FSTed bapay batel thtes cEoI 2atey P peres ram) ot st = — : S = SRR =
boses yuoes Fruvesuves pORES ESTS P3THS Pt I3 sESry seict sespatie pE s S ISaas 2t
BTSSSCE34 Peess ETEs ESS0S Poves Preed sgusd panat o ks geere 1 > - Rty e, 3%
: = : i a2 SEcateapes sarssputey out 1 g8 : T ed
53 EESt CFes Piebd frdas pos: I thify Sesq bas: ! EEa®s o) gy e s ssaea s s N13 BOLE T £ ! tH
£ STOPEE ST COEE: i e e i EseH peseypeds. | Czgasa SEEIERL TR 16 . s = : :
T Pes3 Tonas o T : I3 % Soous T T LS RE e 7 T as + T peas L 532yt
: Peaes Ihl 3 iR e R T *
s Peos ST ETRs futus peove seees Sauas ¥ ! ) = as 4 : ] : : T g3aa] Eoe Eaed By 4:":
B 5] aisest fansa s . HETET T pessy ey
1 = s : Eealge: ST T R TR i ? e STTTIEIeI T TS e S 5C
2 SR 38as: fetas Tatae b : [EEsd Sog3 Sodss $a0e] Pasie futes sosadobate Soos sz : T us saane s : ; s IS Sagal LTesd sastesnsss ; gogst feigiotise
pand 235t T 2age T 283 pases $ooss 1gagt STt FALRd sadid Labls shdst 3 3308 $8ees
T et EEIE S ot Y et LRaee e dree oo $ e SEOTUT T I .. jo4 poned ppade
SRt N 33 Eoes] TaSE] basdnosas susue detos babes : od EagE2 42 B Bagedseesd Fhgeg caasd toost styl T 1 i 1 T paod o3 paaed by = Hos
RS EEEe] SIte) PRety Kovps tanad gu L S i Bl 22 et piaid=end (o] eosi s BN : : - - BT eaes peesa s =
PR EEE] e o Eoes et e oo erom ety Epea e o T e e e e e e e R pen e o : HEEE
R i e n i s st . st IS fEE sty FAat SieTy sered sypls = S R e
SRR ey boaay poees peuse poees toy P ! PE oS Soaus Ppses fupsy ERTge Fatd favel Sysst rogts sansy Decet soess : Banes T joossese: : =it ey
S s s tatar saees b s R T aagee =1 PSST IY =g peewy vouey potges P9 sans : i
S LS A Frasa iy e e H 5 B e L et Feesa g Etet LSeLe sou - : == iese: 0308
J2 F3E88 Shons eeve! o seasy Fasssputay soows ous fases foees poast paat T ot doey ttoed e SIEa,
e s3e =1 Sage pesss sese: ety seers e a8s! = T
rane paa jas fesss S et b fe s I Fevts pae sssaleesy : Seses puets I.xL T : ps i

L

%



jassisass! 132
shit 224
Seiifes
3231
o phes s3]
WwTTA
artg uTuuBj, INU3SAYD
- e [CDeqv- Aoty
Ujlul ] 00BIIOUE Sv I3 =
Ib odusiy s53ed
3]
' T
FT3 ) pesafrtre]eit il it T R
b e e ! 1
- 3R s bsss 3ot i o 3 -
32 [222388Ss, et ey TR ReEeY SIS 5383338 §3 28w AN 3 hs $34
IRH n S ESESE RRSaRRR i ra ) Y T T it
3333 resntem H..Wu. 3 s LIl T 5oes
it T 1 weuy seepy PEpey == I2es? = 835 1
114 i3 B 3% s At
ik it et iy NN i Lezs
aese LA soses 3251 5%, + NS
phe3s o 3 HIETH %
[agai gus —y v
F2r=s Al
53 3 s + D) 7 T
2 T A pasas "
8323 } o s t peung
: T

A ETEEEE 7 { += =
334 FEEE] SIS0 PR e 4 + : HrHET I : :

ST 11 1 i oae!
e 1 - T . 1 o
Eplis =h : ; FEn i 2 St

Tl + i 1 1 1 seees
HE i rrEi i it : : .
& 168y : : 1
: ; + 1

es poty : 1 e i 73 : iy HiE 120 2

Seei by s oA R t : o T

e oY ST + 3 SRR aut T Epeed &t HHEER Hi+E Sydafyse siuiicatad besauguafy soane bontt ooy 58 $4308 bvPe
o A Rel s 33 T Rt e IR S P A Eisst e 34 335 1813 B2

s adats T > 53 EasTl SSEEES |21 5482 $3 Ehs ks desing sesas bast L2 3ok hadad St ot payes : + 1 2
ESSI S3333 Eavsa SSEoS EESRN FSI ST FESST IERL] SINRT B3 : e raeyses fatis b bpee SabesEonse s 1 boss 22 seoe; 134 Iy naaT - T 3 3
E32Y SR Prees coats Poted pod tassdqssnd LT ke boel ? =t T N s N 1 g pa: T sz

TS SREi E3eEs EEERIE2] R geast I3 8se 3 thsed onet bastd IS 5 7 : : : e e
Hin HHD jeeg seeiti i sz 5 e T FEbgl feas] N : ; s HH 1 H I

| B3 EIEN e I3 eT Erees : T : :

IR I Rt EEs B s : it — : = T
o : ; et : : FAEIERRL

- pomns pauas $3054 $oves = T L2851 1ogys Ledde B b T fesatt * g sans 1?~ : S 120 S eus Pysonrgent §oyee oatas faray sayad sives 0s
X i {531 Radd4Ess e SR 12 LA 2 S 5 Ia283s: a1t 3 T e e e s e e e
8L 1 SRTRE Funes Feadd LTS 233 prosdposha shed i Hoe p I ) A poeEs i ¥ : foRos tucRd 1 Ll IS Ead pa Sy 0t pouod
1o N1 it 3 [3at: RELT3EeRs w t b 13 H 12385008 povas sageas Faghi et
of 12234 §e80e tunpauvuag yuodd 2223 R2RIRT2T £33 ke - [ 1 ¢ 33 1 f 52323 by AL

Rl S253 B2 D2k kY »i PPPE FowDY jof pgang sppay . b4 Be ot Fomes Aaq : : o eeors o 1283

b + t 4 [ ove Beded Sasa m e " i abd ‘ + e poses posss $E35e bvvas b3sad phand péve
1 REtises: T i i b : : : : : + 22 eey T e,

131250 ST aeRees bents Sedts 1 Tt Foted : : 2 e Tt I3os ST P I Iy

il s » " T ast 5 RT3 HES
£ : e SL R ey e s e ; ,v Bt :
j13is presy i Soq buy " > ¥ 13 Ppee gans

t SRS e T t i Hit Rt s 2

e RS ed frnet T it 523 Sass PILRE b x S t T Begtdites’ Iirannoues feaedyes: :

$338 23224 pracy T Tt 3828 : T : 53353
+ : . L3233 §355] $5253 RT3 S33RRES T
ZE3ESEo1 PU3Ty i £ + _‘ ] eest] - T I3 34 ! 1 SajSord ppasy frasy pedsstuli] iont
wﬂ T it 33T t 1 t [eoed &y s
s : : : s $ees! =
(SSE3ESETt $335A5Ea0] sRoE1 3333 T : :
RS EAEE hees B s FURRR BSEs Tiil s feast ags) ! oy seen B T 533t Tt
Ry [B2e4 52421 3o $o2se 5ot it o8 aasd S04 I 8 = : ooy P s ke T e " 1 . £ s sz
el oSy CETTI ST L J3ees 1333 5! 1 SnpETERLT : = [Eas) steys rasst besht
F3ESETTe] (SETI SR ET N B I3i5s {352 rataoe jEbed peset s EEEEE o : T : : = E i
=S3d Eho] 23 : S jeyeasesss fersich t : SH
S o ; . : : 3H

P323 FETEs boacd BN 1 prass it o > T FSRSY 23338 SO0t pyv + S8 gugie gl T [ $euseiges 13 ]
sth $3232 33821 It S et e R EE 3 e BRI i SR
ey P31 EIT R S oes ESe S By it BEsEysdesy pysavosats i - — e e STy S P £oa T St ey LAY Sy YL EESEe 22222 IEOTa 3} ; g3
5 EEEES PEoTs EERS] BRI BN 2] 3 T i 0s 33 Eraas SRaTI IRt L1ty Cats bheny 1t sy res peb passt £
1383 $300¢ bpans h0E4 boSet Sodud e —re 11.3] SSgesrivad sased beel ~ - 18y Totd sa20e xS sipetiy 2l pive npres

EREE P ERes PSS =3 32 P2 et ES T TR ISES IS er coppt R ERES I 1 = : ; pres teety p ISR Eees SHpEn

x.mu. RRE1 Feess o) TR u.ﬂ b T EETEE LEY FPSEY Fuvee subed sodad bidan cooPt oo rtd B354 Eotot poats 03 S23 teasd Kpeed ran < fe T h s i 23S st
B 5 [3353 S2303 F333 S1 bESSE FRESt jo3os $2327 Phart o 3 = S : == 5
eresees SN I B 3 : [ 53282 22522 boS e IS PTo T T2t STy TnlT HsE 23
I3 ST : 3
g =2 T i st : =+

TS EsTTy syeegeeny TR ETe5% BOTE SESR4 BOEy by peeed 51 s 3 % % 3 Feest 1
i e S B EE i R i ek 5T g dea R T e ke
52328 S53d Boses shed 3 £35u8 59904 3o50e $3394 fuaes §5o94 Juded ﬂ g 8
adbdd 44 o b ess

S r e T ool P
panos 2 IS8 =3 $oa : 3 T i B3 Teesy B s p e 1 153522y sazgsussd

opopie o rebee e Rl tefet 3 Eiss : ;| e fee e pps R ea s } B : T §asssssset
e 2 133t 323 ] §3283 3 > T L B R T EoHE S

i} e SR ] pResys i i = 5 b33 josss Eeis po bt SRETY pt 3 LSRR Koot sz

o33 EoTo] FoTEd ceE) F30ET SRSE] s st poass Peusa asy < T : : T T [0t Byhed pecta gease §UE08 Esend seEs Sebal FLE HATEY
JES FEab Rees pEosy PeSaNin os ossa ppEs) 23 : : Sves EoTes 1T T Frit : e iy pesst izt 425222 12323 21083
oot i ETe P b hor eees s oot ro3ss S35 poses et 1 s ggsas teaad i232S HISIIRISLS

b e fessas fEag ags 2asd Fiet] EEbed poa A MeR] pagea baey e s e e, T i R e st it e o e gy
e S5EES Pooee Fe e cousy paves bepey : T ey seesy sudn b3S . ot 2838 busadzaana o it beatypests 0s

E233 TS P TE3 E3E1] 1 E33E3 Barty Fhes: ¥ TR s : S SES Iee

T o 1 5ses: 233453 Iesaagss: e reged pougd fasit bram = s s T S3eE L T Soues $30as Sigss bases vEasd SoE2t EaTle SREus LRSS pasat Lave]

$32454bed saeld xtsd ESEL 3 =R sesdqpesds lalsin 33AEe0E Saoet sseRkes: 1 i 1 peese s bl jo gEE

b33 ETEus E3TE2 AEE] s208e Litds Eoos o i ndt Segssgeses jatas : : Sgerpes

T e e T fe ey et = T ST FEset Ste] ESbE) FEStERess sty peespresy T F2 FERS3 s32et baet Rt SRR

S331 sets £335 Caeat E3Ess a2 Ees ir T ssagets ! S Esard Pogoa seey

i ui = by S spcsessesy presy T g2 et ety st

e B P S s SRS e Eheet HoHe B & = e > S

SresIbis e sas seost seess p3eea ) patss EEE e T B s T 1 13228 33383

BESES Erihe tetes os TeTiseaaL. TEE EEyd ITES ST EReRt oo 2 et PEITI I

S P P Bt P Y : 23 Boeee Eeats o1 et e R HHHET g S eeieesy

2523 22003 B! Py Eeg ey Poess : 138 So0as IPUET RS L5 Reswd ppas o oL} ] ooy

+ IT2ES PEPPe o8 Sowen govas sopug Sodyd §uss i raatarh
Fiefarey j9342 23004 fobis suded L 1 roan by =T
SRR s s

% ‘UOISSITEUTL]



SUTtd
(o) 9U94UOYOTya PLOMEBY
puB () UpuuB], poompay
Ly eanatTd

Tosny,
9EVTUL [9V0TU] OuVlidun A8y
8y eanstyg

i i 3 3Eees cEeay
T I R
i R Eren)
1L tHE :
+ PRERY %43 L3
: i8] L ,
3 i 5 =I5
F33T] =
i 1
333 jezss pere:
T Baagset 3
b3 Sier e Y 23
333 1 Fasas
1 ERsasfgact fetid et
b $3288 pamed 82 e T
Tt itebtirtfoter. T F T
15344 ddu fabds phatss EH O e
11 3
St 1
;:
RESIEees] avee
- SEsugfsets festy 53EH 2551 Eeesd EE3eY FRRYs Fofed EFTes EYed LIS LETE) QO
perss = £ T e IRTe: E TR RSl SRt Y
1358 2 382580 82381 : e S] SELE) Eadas Soa b Eas e fensy FEaTE REeTs
i m PN B [FS350301 {a3013uat paguaaary BReY RIS
it X o e jeosa tens
] 8 & B EE Ty EoTes Eoeta IReTy saot! N
brigs - N 3t [2431 EEET1 EERR] EYER] EEEEs ceiet E3eet ERotd RRacd eisd bozky Rest] hctatased BN
133 w e O v STES% EIPSIRESeS PRses peons Seote P20 Doy
g e : i : g
: X NG =eseetea bl po% bpeq Shyes cEESd posts
R’ 12 4 . e oo MB
o e IEeT) T : fass] s Er e
phinhiates i St jesgsasss spominniin
e e T +F 1 22
[ansd BRtes P e s 13 3 SR RER e RS
0oL q g 8 §o! QOBT oo
o . b ey SoE e SRS Seats FERs SRk 33
I [oee PORSY e ke o oo
Segssescs i : :
S S e I
mﬂ e 222 I e Roye ey e Saass
it ased presd s TH praas teasd fod9d
: Estd beete TH et tieh
patss Htes ST prasy B I T ST ST
A 1. i b i3 sanigabed fnase satsy saaes
R i3 SR paestgiett fes:
T T pTeeyeses T
1528 §3504 Synag Beot] Esont inasy Loons Eunsd STSEs IER PoTel 5o ed Srwesteens Sozed
fRasd foued biq e 50808 Tt ps S300d fougd seses pugss
S=seymey ssoes T 5 it
st s seiy peyis 15 P
EEoE: SEeat FEEsd oot couys Erped seteasaasd B2 E1 BESt teoet ebats eocs s B3RS SR Eabe, s
[9991 $9004 $3904 boadd podn ' SRt bass b TepesTIi
v A Ll ) = 959 Sedutsiped d3hd bedsy
+ OfRE PR 3 et Eaas BTy [ 4 By g el {351 ety {3100 S 3ot ie g iR R S
: TSl E3Tes 30T e} IEe T S haRe SR ERE ST S I s o esresey —te b ST RS
E53) 35t s{pannhompenigs 5333 TSE3E I3 1 EE3Y FEER) B FESyEoras semsn gasyd EERRS L] T fRasteh: [a3e: spsh FE
Grinpraigiie i b e e T e e e T T R ey fel ESSSS 15045 53 T ! x,wﬁw Saiseas ma s eI IorEY $isespesy
T ;
13333 133 B0 ; SRR o B, STy Ioees FITee SOTES
B H Tirfs o ety Sohet R R S Skt 1 : ot 33 2
Iia ! = abes b3 jobud sbuuy 5 g $oues phadt [34 sgseg foata boees Steud podad £3548 RNIS
T = = TSRt ETTeaesy
—— St gy pasyd $i3esta
= eeoy =3 Foest St o s
ESaEa R el B jeae sy s} Bied 8
35 pg et fadte s o1 pede] gt
vy Trevieie by P e prrs e ]
SEee g . 2l SEetE fonss s riee
=13 o T
PSR teehy B 23]
[E200 Pouos uptul poois Ehed po2y $oded bpeve sty sied $S533 Shand

L

‘UOTESTWSUBYS

%



Taotwe{ aorad~ HuBTI

oy

880TNITALTWAT AONAdr HUBTH

By PanBTH

rwsuesy

'UoTsSs

%

v
~
1

UOISSIWSUB

o
v

w
~
%




AP RAD ¢4



THE ULUA VIGLETD ARSCRPPION SPECYRA QF CCKPLEX HYTHOXY-AROMATIC CGRPGUNTS

XD DTREITATIVTE, YITH BANTYICULAR REFIRVECE T¢ LIGRIN

“ince the development, around 1930, of reletively simple
and eccurate methods of quantitatively determinings the ultraviolet
adbscrption spectre of orgenic compounds in solution, extensive use
of this tool hme been made ns & su.plement to chemicsl methods 4n
determining structural femturec of natgral and gynthotic compounds,
¥my important contridutione have deen mede, particularly with re-
spect to distinguishing between isomeric forms or poseidle spetial
arrangements wheres the choice lay between 2 chromophoric resonating

structure #2nd a nonabsorbing form.

The ultraviolet spectrographic methoé hnag been ap lied
exteneively in the field of natural plant materizle., For the purjose
of thie discuesisn, A lerge cless of there compounds might be
denignnted =g hydroxy-rromatic compounde and Jderivstives in that,
regerdless of the complexity of thair etructure, they possess in
common oxygen-gubstituted benzene rings, the oxysen deing part of
a hydroxyl, ether, or aster groupinr., Such & brosd cissrificztion
would include such diverse materials nas the flavylium coloring
matters And flavenones, the tennins, the 1isnang, end 1ipnin prapera-
tiong, 1211 these mntariale hrve dbesn subjected to ultreviolet
spectrographic studier snd, in the csze of the lignene, where A lnrge
rroup of compounds of known atructure belonging to this femily was
rvesilable, 1t hns been possible to relete vrristions in ultraviolet

spoctre to structural type (1).
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1ienin, in ;nrticulsr, has raceived much attertion, both
bacruss of its volume importsnce snd decruse chemicnl methods have
thus fer failed to sstrblish the details of its structure, Turing

the prst twenty yesrs, four msjor studiee aof the ultrnviolet sjpectrum
of lisnin heve been :;ublished, [erxos rnd “illmer (2-8), in » series
of maven pauers, collected the s _ectrs of lignine from » nusher cf
prourcre snd gretemeticelly nscenblad comgsrrahble dntm for some elshty
or ninety simple sromntic compounda, Glading (2) gtudied the g ectrum
of muruce native lirnin and n nuwber of 1te cerivatives #g relsied to
A grou; of model rrometic compounds, Frtterson and Hibbert (;Q. ll)
detersined the szectra of » nurber of phenyluropene certivatives and
camprred thesre with the e ectrs nf softwood (siruce) and hardwood
(rrple) 1ipnine,  Aulin-Zratmen (12) comprred the £ ectrr of lirno-

sulfsnic scids nnd spruce netive lipnin with = comprehensive grou;

of synthetic model cormpounds,

Tn anelyeine thelr exrorimeantnl reanlte, o1l these svthors
have arried in eoncludire thot the ultrevinlet syectrum of lienin ie
thet of a suhstititad barzene nucleue, ynt ecach, in stiemutive to
completely spccount for the sheie of the cnrve, hee glven a differant
intercratetion, Hergzors snd lillamer rencned thae ennclueicn thet the
eoactrum of lirnin definitely showad the nrterinl t~ be rrde up of
nrtly or completely +vethylrted cetechol or .yrorallol nuclei joined
toretisr with & side ckain of rbout thres carbone, thr ride chein
cartririne ne cthylente douhle bonde or carbcpyl srouges In conlupna
tion with the benzene ring (7, B). ‘hey slro crutiously rointed

out thst polymeriz @ crniferyl nleshol sives on phrorotinn = rotrum
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elmort 1dentierl with thoee of Al¥ell lipnin rnd lirnosulphonic sclds
fyam » npumber pf sourcee #né snppested that this mipht indic-te close
etructural afrtlcrity (5), 0ledire defiritely comcluded thet the
eoruce notive 1epnin avectrum demenetrrted the yrarerce of oxyren

rinre £° the flowen or fltvrwore $37 6 in the lisrin efrveture, rmd
reeirmed thn ghrr-cteriptic Yipnin bend ~t 270 meu to thic unit,

Ya £len enpracted thet the shrpe of the Mimmin curve ir the 150 7vu
repton vy be the roeult 6f o Chidfent errharyl hrnd centered nt 352 amu,
Tattpreen rpd TINNert enrcluled that the snectrr of fmorihone lisnine
grn b erslnivned entirfantorily an the reeunition that they rre

Pertved feom 1iprir recursnre, such re l-{l-hyérory-T-methoxyphenyl)-
l-rroponone and 1-(li-hyrroxy=7 ,Fefimethory henyl)=l-rroenone, They
neclsnad tha meetaé "IN rou boné to £ crrbonyl grov; in ccnlusetion
with the sromrtic nucleur, the 280 mmu dand to "mets Losition frecdop,”
and the indicnted 220-230 mwu bend to some unexplrined cherscterietic
of the benrene nucleun, fulin-"rdtmen concluded thet the lienin
rpectrur in thQ 2oN=280 mm rerior eu ,orted the Treudenhers furen

or pyren ring etructure for lienin, dut ncted thet_e-me rifitionn)
chromepharie etructure, fuch re n conjugeated double bond ay=tem,

veuld be recvirad to eccount for the »beorytion curve at longer

wavglengths,

This conflict ir interpretsticn of the lipnin spectrue,
torether with the prowing 1iet of metrri-le thet heve practicrlly
1denticrl epectra rs lipenin, hae pfoﬁucnﬁ two very unfesirnhle
affacts, On the one hrnd, the conclusione of there workers ~re

bheine used in suppoart or in lieu of chermic~l Ant2 By other vorkers
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in the field in erriving at aven more conflicting cenclusione, ('n
the other hand, the zpiarent confusion e er-eting mpong meny & dia-

truet of the method iteelf.

Tt would e, err that, with the grest smount of exp:rimental
data cnllected in the four breic invertipstionk, 1t should now de
poreible to analyse the over-all picture end formilrte an interpreta-
tion of the llenin gpectrum that would catiefy =211 the ex; erimentel
facts, * review of tle work wes mnade with this in mind, -nd /n
anrlyeis drrwn which seens to satisfy the requirements. To Jjustify

the conclusions renchad, it is first necessery to review brisfly

rome fundasmental princiuvles of ultrsviolet sbhrorition sgectroecnpy.

The spurce of s;ectrsl sbsorption brnds e discussed in
many tarts =né review nryers (11, 14}, 1t is fmportsnt to

emphegige the following points in the present discuenmion,

ftrong moleculrr aheorption in the ultrrviolet is usunlly
epnociated with strmctures cronrble of resonence detween several con-
figurstions, such ar = syetem of conjurnted doudle bonde., The benzene
nucleus iz such & system, slthcurh ites rheorption decoree larpe only
in the hirh freguercy ultraviolet ranre (200-220 mmu), Subdstitution
in the molecule mry hrve the effect cf incrarsing the number of pos-
eible resonant confirpurstions, resulting in grester abeor.tisn at
lower frequancy, “ubstitution of -JY, -TH, or -Fné eroupe into the
benzene nucleus, for exemple, ia known to hrve this effect. A few
chramierl grovpe, euch ne CaG, -303. «lizie, £re pore 0r lese self-con-

talned resonsting eystenme =md, if isoleted from strong interrmolesulsr
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{nfluences such =g cnn'uration, will jroduce cherescteristic rdsorytion
brnds ip the ultroviclet, The over-rll sbscrption spectrum of a com-
plex comjourd of unknown structure should be thouzht of s the inte-
rreted resultant of & number of overlspping bands, Some of these bsnds
pey be strons encurh so thet their moxime stend out distinctly, others
m2y be relatively wesrk qné hidden, The locetion »né inteneity of the
mexins sre the most specific dete thot can be obtsined from the curve,
The apurrent brordnese cf corsecutive bands, ne reflectsf in the locn-
tion of the minlmum detween them, i# such » comglex function that only
the brordest rpereralizstions crn be drerwn from their position, The
over-»11 curve iteelf is a unigue yroperty of = perticular compound,
but the derres of differentintion within » fapily falls off ra idly ss

the complexity of the memberr incressem, prriiculerly when the irdivid-

url vertations involve inactive groups mnd linkoges.

%4th there prirciples in mind, we cFn nov turn to the gueetion
of tha significance of the 1iemin spectrum, Ior & starting point, it
is necesarry to =mccent scme basic chemricerl evidence regarding the struc-
ture of tha material, Yor this purcose, it ts tezken ss ertablished
thet lignin her sore type of sromstic structvre and contzing no lsrpe
progortion cf unsaturried slishetic units. This ir necesrnry since it
is undoudtedly trues thst s complex or mixture of unsarturatad aliphatic
compounds ¢nnld be found thet would give an vlirsviolet si.ectrum in-ie-
tinsuishzble from that of Iiznin, *nd the taek of clas=ifyine rll euch

possible compounds on & jurely supectrorr» hilc besle would be hopelese,

Accertinse the strted chemicrl nremise, rm ex-minntinn ¢f the

nrbrorpting curver of srom-tie compounds in the .auere heing conelidered
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and in fuch & ccllection an that piven in Internaticnel Criticel Zablen
(15) at once brires out the following frctas”

8. ‘engene itself has two bhonds, one very strons st 200 mmu,
s epcond of shout one thirtieth the intensity st 255 pmu (Zadle I anéd
Fieure 1), The abaorption curve drops sharply to nesr transprRrency

heayond this wavelensth,

7, Cubstitution of srturrted crrbon cheins, »s in toluerne,
the xylenes, #nd n-uropylbenzene, cruses &€ ghift of bdoth mrximr townrd
the red and » elicht intereificetion, Trre disubstitution hee the

Frentont effect (p-xylens, Tadle T).

€. Uneaturstion in .ositi~ns other tioan algha to the ring
(noneonjuented) hos littla effect on the ultraviolet s ectrum (d:}hEﬂy1~

cropylene, Tedle I).

n, The substitutinn of oxypen on the benzene ring hs & pro-
nounced effect on the positinn snd intensity of the two maxima (phenol,
fnble I and Firure 1), These values are relatively unchanged for
cstechol, resorcinol, wethylated .henols, rethylene-ether linkesres, or
ether-1inked side rines. A“pain, prra dischstitution hes the moant yro-
nounced effect (bydrogquinone, irble 1)}, Thr only effect of cetechol
dieuhrtitution apueerra to be a brordeniny of the dands, rasulting in
more shallow minimum thet is shifted toward the red (7). In the cose
of the trisubstitution of .oyropnllol snd ite deriv-tivre, however, there

1e, in sAsition to » €rrther shift »nd rise of the minirnm, » suupreesinn

a., The vitrrvinlet curvee of same of the meterinle considered
wers determin~d in nonpolar solvents euch =s hexrne, othere in poler snl-
vents euch se ricahol., Uy irmorins the fire structure soretimee chown in

the nonpnlsr solvante, the vsluse «re comprrrbls within the desired limits,
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¥eximum *#

fubstence no Log, £

10
Henzene 200 3.8
p-"vlere 212 3.9
7-Fhenyl. rorylene kot resched
“herol 215 3.5
fyfpogrinnne 216 3.6

}fyr:}ypl? ol %lot reﬁchOﬂ

d.a'-rhenyl; ro: vlane Hot resched

Trar igurenane 242 4.0
a=-Tndrnane 2u2 L1
fy pacinnr reliahyde 252 2.6
S=Tnisnone ‘ot rerched

g=Traellylybenol ¥ot rerched

Yesenrenol Xot rrrched

P=thoxy=-l~{}i-hyiroxy-
I-methoxyphenyl )-1-

propfnone 230 4,2
P-ly roxy=-1=(3,L-

éirethoxy henyl)-l=-

LTOReENONe 23y k.2

€=ioleculer rutor tisn coefficient in: ime

PRI T
aaxiyum i
mrey e 0;”1 QG
%5 2.3
263 2.8
281 ©ed
2715 3.4
295 3.4
255 2.4
260 3.3
aen 2.0
291 3.6
PhY 2.6
268 2.8
260 u,3
~hn §,2
283 L.0
274 4.1
eel

¥aximum C
<10 Loelne
W

286 2.7
316b 1.6
302 1.7
278 7.0
292 3.4
292 3.7
306 3.9
m’ o3

“efersnce

(D)
(15)
(5)
)
%)
)
(5)
6}
(16)
(5
(16)
(5)
5)

(10)

(10)

T - tronsrittrnce of eolution (ss eorgsred with eolvent)

e - bree of naturel los:rithms

¢ - cnncentration of zolute in moleg per liter
1 - thic'neer of eolntlon throwrh »hich lipht psesed, 4n cz.

For comyarison with Figure 1,0sk x molecular weirht, where k is the
cbeorpticn coefficient when the concentrati-n s exyressed in erome per

liter,

brrflection point



1.0

LoglO k

1 1

" 200 240 280 320 360 4

Wavelength, mm

Figure 1. Curve 1, Benzene in hexane (7);
Curve 2, Phenol in alcohol (9); Curve 3,
2-Hydroxy-1-(3,4-dimethoxyphenyl)=-1l-propanone

in alcohol (10); Curve 4, Spruce native 1ligr
in 90 ver cent dioxane (9).



of the oxyren zurochrome effect in the lony wavelenyih brnd (pyrornllol,

Trble ¥).

1t shoulé be borne in xind thnt the incremrse in mbeorpticn
tmparch oxyren eubetitutisn is restrictud to the two dands Tsgeribed,
Tn £11 the compoun?s considered, the ehrry (rop in the ehror. tisn

curve foliowine the gecon’ lonezer vanysalen;th ssxinum 4# ehnracteristice,

“, Tiarlly, there ie snother clrer 5¢ chrora horic rravps
thiet muet be token inta cameifapstion, ' Anudle band in the pl:he-
hets pordtior of r elde cnrin or & cxrbany) grovo in the #l:he ;oeitinn
pre s affect gnmnorehle with arveen subctitutine on the bentene honds,
Cowever, © unique effeet of the confursted uncrturate” sronpinee is
that » trivd bead st loneer wsyelensth ik nlwrye 1-tr-oduced Q. -3nenyd-
pronpylene "né crapio, tenone, Mshle T}, Panveraiﬁn’of this rida cbrin
tn £ crelen-ne ro-enes to merse snd intensify the lons wnyelangtil brnde

{Olinderans, ‘able T,

Althourn, #6 tre been pointad out, nomconjurated dcuble honcs
tn the s=ide ehnin do nmot sy reciably effect the hanzenods ultrevieolet
£ 8cter, o corbonyl proup i removed positiore wRill _rofuces Bn R Te-
cisble, thourh raduced, effect {hr-racinnruelaahydea ﬂnq/éLindenona.

sehle 1),

“hen the al:hr-betr doudie bond or cerbonyl grouyp I coabined
with » ;henoxv muclisue, the tvo brnde corron to Waty sriune rre ~¥ ruch
intrnsrity thet the thire hepnd reencinted with the unrntuerrged lintrpe
may £ ocery or mey be "hidden" -a nn inflecti~n ir tho curve or high

pemarsl sbapr-tion in that rerinn (L-1tonllyl henol, iroen~encl, Z-athory-
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T

1-(h=hy- roxy-3-rethioxy heryl)-le roirnonr, =nd Jensopaxy=-l=-{4,-dlzatr ox -

“hienyl)-1-; roianone, leble I rnd Figure 1),

Tn order to illustrate further the relztive course of the ab-
rorition curve of the canpound dircursed to thet of lisnin, e relected
mroup hre beep plotted‘in Tipure 1. Ui-ce the sosctroprs . iic rAusorbiny
unit of lirnin ie not known, the ;lot is on the b -ele of veipht concen-
tretine rather thsn moie concentration, It is interestine in this con-
nectisn, rni zoeeibly sirnificant in ral-ticon to the i~ter.ret-tinon to
fol ew, thet *ulin-"rdtern wee chle to cemonstrete that, Dy reducing
sheartion Ante for n nuember of lirroeu:€-~nic rcicde of wicely verilire

matnoryl content ¢o pbenr tism or unit methoxyl content, the recultirg

shrorpticn curves fell very close tsrether.

¥ith theee frcte seserhla”, wo con new re~exrrine the arperi-

mentsl fete ir the four worie on the lirmin « ectrum citeéd,

Horzop snf ¥illmer ouite ¢)lrerly “ermaopetrnted the ro1- tionship
af the epeetrum of 1irein tn eimile asroxy enrusunde, There 1s no
no. rvent juctificsution from tucctropraihic evifonce with enech A hirh
roleevler weisrht mrterisl -8 unimown ecruceition for tieir « ecific
enncluedon thet the toectru~ e definitely of the entecnel nr jiropslicl
tv e, “~rrzoe spd Hillmerls corclucicn thet the Hisnin o ectrum Aefi-
nitely _roved tne shremes of cauble borde or erbonyl srov,e in conjue
potilen witn the herzone Pine wope ¢ cpanily hreec on on tesur t1n thrt
T4emin mict he s colyrar of chevierliy i-ertic 1 5-1ldine etonee, 71
pupl: wepe trne, their corgtlucion would probsdl: be fuetified, “ince

1nter chsrierl ptufiee roke L6 rt Yeset anunlly coreihie taet there wry
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ha cenaidarrhle varinti-n rpene the Midldinr ots-re of the Ti{rmin
yolymer, thers fe no brgie for ruling ont = gmall proportion of
vnaatureted coningntian, Their obeervetisn thet volyrerized coniferyl
£lcoho) grve # wery similer rheor; tinn spectrun is sirily #nother
exrrple in the lons liet thet now exirte of chemicnlly different com-

vounde thrt belone to this e ectrogra:hic clase,

Cl=dingte ganclusinn thet the /8" mmu bBrad in the lirnin
rcectrum ia sjecificully sscribable to the fursn or pyran side ring
of the Frsudenberg formla is definitely incoxprtible with the well
astrbhliched lsack of ultraviolet metivity of saturated groviings,
“he lsck of influence of'such 2 nide cuein nes been mort clesrly
demonstrated by Aulin-“rdtman, salthourh Shebcanciuvian wss not steted
by the suthor, when she showed the spectrs of dihydrode:nydrodiisoeurenol
(1) nnd121(3.h-61methoxypheny1);61(3-pr09y1-5,G-dimathoxypnenyl)yropane
(11) to be resrly iderticsl, Ciadine war the first to point ouvt thet
more thrn the “henoxy rveleue sné gatursted entstituente ir raguired
to rececount for the hirh eshrorition r~né inrlied.anxiﬂmm in the 700-380
g2 rericn of the lienin evectrum, lie supreetion thet thir wny be
the rasult of » csrhanyl proup is entirely conerietert vith the fecte
reviawed, but must not be taken ss anythins mere then & hypothesie until

» rrert desl more chemicrl ani rpectrosra hic work has deen done,

The shenyl ropnnone mocul corpounde giucied by Snftarson
and Lihbert all belony to the syectrogra hilc clnse dlgcumrad under
“Actinn “e--that 1%, they cartsin the strone mixed chramophoric
chenoxy snd errdanyl rroupe wnich mey | roduce either three strong

ultraviolet dands or, turcruph nerrer, show only two waxire, The
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eeslen-ont of the 295-320 mnu bsnd in there comyounde tn the csrhonyl
Froup pné the 220=230 mmu bend to the henzene nucleys ie 1nvaccord
with the gresent generrl considerrstion, FHowever, the sssisrnment of
the 280 mmu bsnd o "mets sosition freedom," 2lthourh omeddly

neen: tnble in this nerrow group of com. ounds in a negrtive serce, in
definitely micle=dire when spplied renerrlly #n® uned for inter,retinge
the eusetrus nf 1irmin, For examzla, iromyristicin {(I17) and
1rorsfrole {(1¥) ehow enuslly strons mexims in this rence, but the

310 mmu peximum of the conjupeted double bond im sbeent in the former
comgovnd (Tadble T), It would apsesr that considerrtion of a
rertricted erou; of comgounds of this claea wipht lerd to the
erronscus conciusisn thet the 310 mzu ban¢ rhould be essiined to

“matn somitinn freedom,” It eesmr much rore corrcct to ey thet

under certein structursl conditisres, tri-oxi = bstitution deinp one
{$ection D), the P6N-PE0 mmu nnd 295-720 mm bends ensrncterietlc

of confurnted unsaturation substitution on the .lenoxy nucleus mpy
heeome fused, with ~ =inpls strony moximie o e ring in the vence
277=300 mmu, The suppreseire eff-ct on the PTH=280 mru _henoxy bend
of tri-oxi subetitution e evifent in cowi-rirs ghe curvee piver hy
these muthars for goruce rnd marle lienine, Their corcluel n that

the neture of the lirmin curve in the IN7=350 mmu recdon "supsecte that
n carhonyl eroup or ethylsric double bond in conjurrtion with the hern-
zene rine {e prerent to somm pxtent,” aprecs with the findings of "lr-

Fap, hut eti11 ras no experimentel 'roaf,

Aulinerétrante conclusion that the ultrrviolet =beor,tinn
erpetre of the model eubetnnces stu-ied ofYer evidence su . orting

Yreudenberste favsn or uyrsn eing etructurs for 1irnin is ynided by
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the srre facte dircugsed in eornaction with Gl din~de rrpument on

this pcint,

To sums up, en evrlusticn of the ex_erimentrl evicence re-
rorétngy the ultraviolet sbeonr.tion ¢, cctrum of 1isnin lerdz to the

followine conclusions,

1. The twvo char cterietic D ndr 4n the lipnin ei=ctrum
£t 2NN=23N m Aan? P75-285 nmu ere specificrlly stiributzble to the

oxyren-subetitutad berzane nuclave in lienin,

2. The high sadhsorrtisr in the 300-350 mru renpe rusceats
the presence of n "meebed maximum® end in’icntes the presence of
other chrornphoric proups in lisnin--for sxsam; le, cerbonyl grougs

or doudble bonds coniugnted with the benrzene rine,

tgtempts to furtner extend the inter:retzticn of the iirnin
® notrum on the hegle of alirhkt snifts in position o Intensity of
the rrx@m» ar cnonres ir cncitisn of the minimum coint o ewr entirely
unjustified t the jresent stere of knowledee of the 1lsnin structure,
fuch sreculstive inter ratstione nrve tne normful effect of srowing
to the ststue of proven exierimentzl evicencr snd being misused in
poct £rith by other workars {n the finld sz unurstisneble evidence
in supcort of same currently opuler hy.othesisr, To wnke thle point

clenrr, n few axrm lrg rhould he cited,

“arly in the davelourent of the ~p-liestinn of ultraviolet
absor.tinn methode to 'irmin mrterislg, cevarnl orpers su.ecred in
which 11enin wae dafinitely clvirmd to be eynthesizad froxw cellulose

by sim.le hest trectment (17, 18, 14), This clrim rested slrost
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entirsly on the frct thnt the nltyevinlet stror tlon curve of the
peafiet erowed the 27TH-285 mmu meximum sac the renerel era.e of the
1irnin curve, 1n spite of the fact thet the intensity of rbsorytion
#t the meyizum ;nint of the uninown zrterisl woe lese then thot of
spruce lirnosulfonic reis by » frctor of eix {17). [ittle effort

hep ei-ce been r-de tn defen? the tienis thrt such meotericl in in
eny rense 1isnin, Hut the work 1+ £8i11 clted to Adrcredit Pry ure

of vitravinlet spectracnemistry in the lismin fielf, he true neture
of the heste” cellulore pr-duct snd the rource of ite ultrrviolet
rheoratinn curve oould prehsdly te f-irly ensil determined on the
Wegte of » sapiee of crpere racertly vbl ehied decline with she scid
hydreYvedie of #imle hexosre sussre (22, 2, z2).  The hyiroyywaluyl-
furfursl which 4+ praduced Loy tus choprctorietie 280 mro crrbonyl
pre~r tian bond, =pd 4t mry be geen in the Tl.res rliven that, undar
cart-in corciticne, the m=beor.tinr curve of = hycrolyrzed surry mixture

ie vory sizilsr to thet of lirnin,

"uoh ues of the 1irnin ~hecrition curvye bre not éle ovi,
T§gter ~nd co-woriere (23} brve dnterireted Jotterson snd Diubert'e
wort re identifyine the SN men perk with the o rbonyl pgrouy mn:’ uced
this to suy, ort thelr jelvfisveonone Jorsule for imin, The demnnrtre-
t1an by tulin-¥rdtmm of the nerrly $-ertdesl ultrsviolet curves from
T snd IT wng en ex:srimant decirmed $o cherc” Tergfianhersts trheory
trat = etdm elne 4e - enad in the euifarctt » of lirnin,  The necntive
result af thie ¢ popriment hes sy ~remtly beep inter reted by ', Trlimen
(QE) ng Al povine Trevdenbicrple theory, Che foet tiirt the exi=riment

netunlly vraves tirt the vitroviolet e ertron offeres nn ryldenca cano.ra-
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in~ the yreeence or rbrence of & antirrted =ide clrin hroe rlresdy heen

rhown,

Finrlly, 1t ie feeired to strie #n im ortert conclurion
rri-ins from the two points ectzblished in resard to the lienin e ectro-
¢.r., the neetonment of the moximn teo the oxyren-cubsestituted honzeneo
nuclsus znéd the inicerted .rerence of other chromnghoric grouns, It
hog heen rhown thet the oxyren substitution on the berzene rines is
resoneible for at lerst & benfold fmerocse in sbeor tinn reeulting in
the 280 mou marimum ond thet this xrexirum overle.s 2 poreitle Dond in
thile rorlon aseacinted with conlureted unenturstion., It ig supcerted,
therefore, thxt, 1f sore mothod were nv-iinrvle for re.lrcings the phemplic
hydroxvl rnd nethozyl erouge in liimin with 2liyl erouus or hidroren
#tore, the ultroviniest evectruz of the crecuct vovid be such more Lllu-
minetines in rersrd to other chrowortorie groucingg end e actrarre nle

enrrnrison with snrlosous model er~pown-r x4sht be much mare fruliful,

The breie for the ~enersiizrtion of Lhe title of this ur er
to "errpler hydroxy-cromstic cor ounds snd derivotives” lles in the
fret that » nurher of eroune ¢f sueh coruoundr, known to wvrry wifely in
chericsl crrinritisn but posreecine the ovyren~enbstituted benzena
nuclous in common, have been riown to nnve nitraviolst zbeor.tisn curvee
very sirilsr t0 thet of lirndn--nll ehoeine the 227230 mmu and ZTN=297
row meximn, There ircluls the flevyiium »nd €lavone compounds (29%),

the lienane (1), #nd the naturel tennins (26).
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