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1.

IETRPODUCTICH

The anclysis of caffelne in coffze, tez &nd cocoa
has been &ccomplished by meny varisd methods. This hes been
due, partlelly at leaszt, to the sox~whet long and trouble-
soz2 methcds often employed and thelr comparstive inaccura-
cies, resulting in the constant endc<avor to parfect methods
which &are comparatively short and ezsy to rum, &nd st the
csame time capable of glving &ccurate end consistent results,

In the analysis of dzscaifoinated coffee for csfle-
ine by the Fendler and Stuber method, zg well a3 bty the Power
end Chesnut method 1t is found theat a 10 g. szmple of Kzffee
Hcg or Sanka Coffee conteins on the average from 1 to 3 mgs.
of caffeine, deternmined either by the nitrozen content of the
final residue of caffeins, or by sublimation of this rcsidue.
This small amount of czffelne present meces:zitztes the employ-
ment of methods zore accurszte than 1s necessary in the case
of the caffeine enelysis of ordinery coffec.

Practically &ll cf recognized meathods in use up to
the present time calculste the percentage of caffzine on the
dricd weight of the finsl, more or less crude caffeines recsidue
which 1s left efter evapcreting off the colvent (usuelly chloro-
form) and drying in an oven &t 155°C. for ebout 23 minutes.
¥ost of the methods make 1t optionul for the anslyst to deter-
mine the purity of this residue by running z nitrogen determi-

nation on it znd multiplying by the fsctor 3.464 for csffeine.
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But this has not been made compulsory and the percentege of
caeffelne mcy be based upon the weight of the residue slone
and be considered correct. The error involved here, due to
the olly and waxy impurities present with the caffeine, 1is
perheps negligible in the case of caffeine anzlysis of ordi-
nery coffee, and the residue will often run 9%% oure caffeine.’
Eowever in the case of decaffelnated coffee the residue of
ceffeine will usually run from 20 to 40% nure csffeine. Hence
basing the fingl results in this case upon the weight of the
residue would be entirely erroneous.

It is the objJect of the analytical znd experimental
date given in this tiiesis to thoroly vrove the &bove state-
ment. In addition to this, zn attempt was mede to accomplish
the following:

l. To find possible losseg of caffeire in the
various steps of the anslycis. And to make sultable modifica-
tions or additions in order to mske & mor2 aduptable micro
method.

2. To further purify the finsl caffeine residus.

e To &ccurctely determine the percentsgs of
caffeine in this residus.

It 13 needless to say that to fully cover these
accomplishrents in the time &lready spent on this work is an
impossibility, and further investigations will be made on
pheses of this problem not touched upon in this thesis.

A great deal of the experimentel work &lreacy cov-

ered has to do with the accurate determination of the parcent-



age of caffeine in the caffeine residue, by two mcthods:(1l) by
& micro nitrogen deterzination, (£) by sublimation.

In view of the fzct thiet the Foendler-Stuber and the
Pow:r-Cheznut: aecthods are the only recognized methods in
use today, all of the analyticel znd experimentzl results
given in this work involve the use of these two methods, with

modifications in some czses.



EISTORICAL

Caffein= waz first 1solsted in the pure form in 18I1;
when 1t was obtezined &almost szimultineoucsly by Runge, P2llcter
end Caventon, and Fobiguet. Oudry cizcovered & sizilsar com-
pound in tea in 1827 &nd callsd it theine, but which was later
identified by Berzelious, together with the &lkaloid of guaranse,
as teing identical with ceffeine. (Z1len's Comme. Org. Anelysis,
£th. edition, vol.7, p. &037).

The method of Psul &nd Cownlecy (Pherm.J.(iii),18, <17,
18€7) for caffeine eanclysis wazs prominent among the earlior
methods. It consisted in drying the moistened sucmple with ig;
nited megnesia @nd extracting with &lcohol. At about the sare
ticre E. L. Smith (Chem.Centr.1272-71,1687, from Zeit. Oster.
focth.Ver. 41, Z03) brought out a mathod for czalfee consicsting
in boiling the szmkple in successive portions of water in the
presence of megnesium oxide. Both methods separzted and pur-
ified the caff=ine by evanorating off the solvent, takinz the
rasidue up in hot water, filtering end shakins the zqueous
filtrate with succecssive portions of chloroform. The solvent
is evaporatcd off, the residue dried & welghed.

The deterrination of cuffeine ir colfce has held the
attention of the Acssocletion of Official fgricultural Chemists
since 1208. And the various methods have been very thoroly
investigated by the Associlation. Prior to 191T the Fuller
rethod znd the Gorter method were studizd (J.Assoc. Official

Agr. Chem, 1,10.5,000-8,1315-16) and clso the Eilger & Fricke
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method (U.S.Bur.Chiem.Bul.107,Rcv.P.152) for the purpose of
being sdopted as provisional or tentative methods by the
Lsstn. The Corter method involves Coxhlet extraction with
CHClgze Purification consists simply In t:cking up the residue,
after evaporating off the CiCl;, in hot witer, filtering,

and finally cshaking out the ajueous solution with successive
portions of CHCls, and evzporating off the solvent. It was
found that the caffeine wes in a vory impure cdndition, &nd
hed to be further purified, or to bcce the results only upon
the nitrogen deter:mination. The Fuller method uses water ex-
trzaction, slizhtly acidifled. Seperation and purification of
the caffeine consists in precipitating the slxeloid as the
periodide, and then decomposing thaz iodine, filtering &and
shaking out the filtrate with CHCl‘.5 a5 ususle. The method of
extrsction and filtration 1s lecborious and incomplete, which
is shown by the conzistently low=r results obtzined in comx-
parison with the other methods.

In 13915 the Stenl:chridt isethod (J.A.0.A.C.,3,No0.1,
£1-24, 1317) wes adopted as a provisional method after being
given certain modificstions. IZxtraction is accomplishgd by
bolling the sample with wzter, and purificztion is made by
" the addition of dry basic lead acectate. Fxcess lead is re-
moved in the filtrate by passing in Ho8 ané refiltering.

The aqueous solution is shaken out with CHClz as in the other
methods. The inconvenience of using large volume of w:ter is
eliminated in the modifications by using aliquots. There is

often a tendency for the 1iguid: to exulsify slightly when

shsking the finsl agucous solution out with CiClz. The final






Caffeine residuc 1s quite pure in compcrison with Fuller
method,

In 1917 z&nd 1318 the Fendler - Ctuber method (J.:A.
OuheCoayb M0o,5,2687-72,1351) wes criticclly studied in compuri-
son with the Stohlschmict methode This zsthod involves ex-~
traction of the caffeine by shekxing out with CHCl., the
samrle being first dampened with dilute ammonia. Purifica-
tion of the dried residue consists in oxidation with 1% %n0g4
at room temp. and removing the excass permanganate with &F fc0pe
After filtration, the aqueous sclutlon is shaken out with
CliClyz, end the resulting dried residuce of caffeine is of ex-
captionel purity, in comparison with that obtained by some
other methods. It was found that there 1s asbout a 1% loss of
ceffeine by oxidation by the EMNO4 &t room temperatures This
can be partlelly eliminated by keeping the fle:zk in an 1ice
bath, but this lowers the purity of the final residue of
caffeine. In 1219 this method wzs adopted tentetively by the
Asstn. because of its rapidity, ease of manipulation, &nd the
production of an exceptionally pure ceffeine residue.

Also, in 1319 the Powor-Chesnut mabhod (J.Amer.Cheme.
f0C.y14,1726,1812)end (Jehe0utaCal,l0.2,2C7-75,1371) was
thoroly studied by the Ass'n. of 0fficial Agr. Chemists. Ix-
traction 1s accomplished hore by the foxhlet extractor with
alcohol. The extract 1s purified by evenoresting to dryness
in zn agucous csuspension with magneszium oxide, pulverizing,
maxing into a paste &nd washing thoroly with water on a filter.
The filtrate 1s boiled with dilute £S04, coocled, filtered

and shsken out with CHClze Consideratle coloring matter 1is



removed by weshing the combined extracts with 15 XK0H. Be-
cause of its sclentific accuracy, wide apoulicability and
conzistent results in close sgreezent with these obtained
in the Fendler-Stuber method, the Power-Chesnut method was
adopted &s an officizl method by the A.0.2.C. in 1313.
Resulting from the thoro and critical study of
the different methods of caffeine enzlysis for coffee, the
Fendler-Stuber #nd the Power-Cuesnut methods ars the only
ones which, heve stood the test, and zre recognized todey by

the Asscc. of 0fficial Agr. Chexzistse.
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HISTORICAL {cont'd)

L. PROPERTINE CF CARVIINE,

In order to better stucy the verious methods of
enalysis, &nd to suggest rolifications for caffeine 2nalysis
of decaffeinated coffacs, 1t will be well to give some of
thia properties of caffeins. (Alloents Comm:reial Crganic
Analysis, fifth edition, Vol.7.Veg. Alkaloids, P.308 to 31B).
Le Puysical Properties.

Caffeine is a =o0lid at crdinary temperstures, end is &
very stable compound, It forms long, white silky necdles
when c¢rystalized from such solutions as water or chloroform.
The crystels pregsent a characteristic appearance vhen megni-
fied 100 to 300 times.

The melting point of caffeine 1s £25 to £37 degreoes
Centlgrade, after drying. ( U.S. Pharracopzeis)e.

It sublimes very slowly when heated over 100 degreses,
and 18 grsduel but continuous &t 120°. Complete gquantitative
sublimation takes place st 178 to 160°%. Caffeine can be re-
peatedly evaporated with water at 100 degrees in &n open
vescel without more than the very slightest loss of the aika-
loid, and no loss with chloroform even after repeated evajora-
tions.

Caffeine crystalllzes from agueous solutions with one
molecule of water. V¥hen heated to 100 degrees C. it loses
its water of crystallization, the loss amounting to not more
than 8.5%, and usually not much over 7.0C% with the averezge

szamples of commercizl caffeine. The anhydrous crystsls of



Je

caffeine zre opagre and cuite friable, &nd dissolve without
turbidity in chloroform. Czffeine elso becomes snhydrous by
prolonged exposure over HcS804 &t ordinury teupersturess. £nd
under certain conditions anhydrous crystels are denosited

from solutiorns of slcochol and ethere.
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The Eolubility of caffeine in various solvants iz given in the

following table:

Perts of solvent required for one of caffeine.

Viater.

Rectified spirit
Abs. &lcohol
Comnmercizl ether
Pure anhydrous ether
Chloroform

Czrbon disulfide
Petroleum spirit

Benzene
Carbon tetrachloride
Acetone

4. Commaille (Compt.reond.l&7L,81,817)

S > - = " ——— - —— — ——— - = - —— = v W - . o . W -

2t 1% to_17_dez.C.

- e Y - - - - — - — ) — -

74.0
44.9
165.0
526.0
£x88.0
7.7
1703.0
4000.0

(Cocke
102.8
1123.0

(Anhydrous ciffeine)

- - e A s s o A > - e o -

2.2 £6.0
£6.0

52.0
£77.0 £30.0
5.£5 5.5

1,Chem.Centr.. 1827,%£,401)

16.9 100.0

142.4
50.0

Eater.

Fther
Chloroform
Acetone
Benzene
Renzaldehyde.
Amyl ecectate
Ansline

Amyl Alcohol
Acetlc aciad
Yylene.

CnsSe
(se1¢

- .

caffeine per 130 gms. of satd, soln.

ell, J.hmer. Chem.Sox. 1307,22,1021)
Pe deg.Ce Solubility ceor 100
mmmmmmmeee- L gms._gztd,_soln.
25. 2.14 gms

25. .:—?7

£5. 11.290

Qe 2.18

KA I l.22

Z0. 11.62

3D ' 0.7%

0. £2.893

25, 0.43

£1.5 2.44

KALHS 1.11

. 0.57

Toluene

The

solubility of

cuzffeine in weter 1s increoaced by

2dding sodium benzoate, sodium bromide, sodium cinniminate,

sodium silicate and entipyrine.

—— - —
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B. Chemical Properties.
Caffeine is & methylated Oxypurine compound, or 1,
3,7, tri-methyl Xenthine. It neg the following structurzl

formula:
CH3-§ -
0 =C C - N=CH-
TR N i

CHy -§ -C - NF

=0

-0

It acts as a very feeble baze, having a dissocia-

-14
tion constent of 4 x 10 ,

HC1 has no sction on caffeine at temperzturcs be-
low 200 deg.C., but when it 1s heated with conc. HCl. &t Z50
deg. under pressure for 6 to 12 hours oxidation products are
formed which include ammonia, methylamine, sarcosine, carbon
dioxide and water, and sometimes formic acid.

Dilute alkali hydroxides when warmed with caffeine
change the alkaloid to un acid. Cgyc0- K4+ but &t first add-
ing on H,0. This 1s earily split up into CO. and the base
caffeidine, CoHy-0M4e This 1s upon furtner heating de-
composed to COo., HCOOH.,NH7.,CH NH.., &nd sarcosine (CHQH.2
COOB). These arae nrectically the szme end products as when de-
composed with a conc. acid.

Caffeine 1s eacsily decomposed by hezting with lime
water, or heating with soda lime at 1680 deg. (forming a large
gquantity of cyenide, thus distinguishing cceffeine from piperine,
morthine, quinine, end cinchonine). If ignited with sode lire
ermonia is evolved, and cyenide is formad &s only an inter-
mediate product. Bowever caffeine mzy be bolled with an

agueous suspension of ¥;70. or Pb0. without the slightest loss
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or decomposition. This fect 1s made use of in seversl m=th-
ods of &nalysis es a means of purifying the slkaloid.

The well known mur2xide reaction, especially «s a
qualitative test for uric zcid, gives very good results with
caffeine or theobromine (2,7 dimethyl xanthene). The slka-
loid ray be oxidized seversl ways:

1. Eveporated to drynes: with Er. water.

2« Eveporate to dryness with conc. HACle and a

crystal of EC1)-.

&« Ivaporate to dryness with conc. AN0z.

Upon adding a few drops of conc. Ni,408 to the yellow
residue & bright reddish purple 1s produced. The addition of
Ra08 will! cauce immedlete decoloration, while with uric acid
the color turns blue. This test 15 a very delicate qualita-~
tive one.

All methylated xanthenes give the murexide reaction
as well e&s uric acid. Tho the color produced is the same
the reactions for ¢effelne and uric ecid sre siightly differ-
ent, as 1s shown:

Caffeine--0xidized to 2Amelic acld --add smmonia, gives-

(CGHE(CH3)408E4) Kurexoln.
(H34C8(CH3)406N5)0
Uric acld-Oxidized to Alloxzutin--- &dd ammonle, gives-
(CgligOaNyg) Yur-xide.

Caffeine can be dlstinquished from theobromine sccording to
F. P. Stoup (fnn.J.Pharm., 1313,31,598) by treating a sample
on a tile with one part E,Cr~0n cnd twenty parts of conc.

HoE04. If it 1s caffeine the yellow color of the resgent 1is
turned almost immediately to a bluish green. nile if it 1is

theobromine the color changes frem yellow thru purplish green
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and olive green to the same bluish green of cuffeine,.

Potassium-iodo-bismuthate, if freshly prepared, gives
an orange colored pyt. withh caffelne &nd theobromine. 01ld
reagents due to treces of hyériotic acid give different re-
sults (M.Xalmy.,J.Pharm.Chim.,1221,:5,630). This test also
distinguishes between the two alkaloids. It is as follows:
0.05 gme. of the alkeloid iz dissolved in 10 cc.of H;0 &nd
0.5 cc. of the frech reagent end 5 drons of 10% iodine =oln. co
contzining ebout 1% hyariotic acid are cdded. Caffeine gives
a red ppt., while theobromine gives a brown ppt. vhich chznges
in about 20 mxin. to & chocolate brown.

A very delicate test for purines in generzl consists
in boiling the alkaloid with conc. HNO: ond KzFe(CN)g. 4 ppt.

of Prussien blue is formed upon dilution. Cil»

N =C=0
Cholestrophane or dimethylosrcbanic ecid, Cd *' is
N -C=0
formed when caffein= 12 boiled with e&n excess of '

CH~
conce HNOz or chromic scid mixture. It is & componnd “which

crystallizes in peearly leéninze, having a melting point of 45,10
and A B.pt. of 275 to 277°. his compound 1s very easily de-
compcsed with alksalles into symmastrical dimethyl cearbsmide end
oxalic acid. Hence on adding HH408 and CaClg to 1ts aqueous
soln. and warming the liquid calcium oxelate 1s ppte.
N¥eutral iodized potassium iodide &nd kKuycrs coln. do
not npt. caffeine. This property distincuishes caffeine and
theobromine from nezrly &all other alkalolds. However an ecid
soln. of 1odine and Kl. ppts. caffeine gquantitativealye.
Pnosphonolytdic acid produces a yellow ppot. with

caffeine soluble in warm He ecetute soln., the liquild deposit-

ing free caffeine upon coolling.
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Eercuric chloride (HgCh ) gzives a cheracteristic
cualitative test with 211 methyleted purines by forming large
white rosettes of crystels in &n acgueous soln. These crystels
are CgHyn0o8:HgCle. They ere forzmed immediately In a saturct-
Zd soln., and after a few dsycs in a soln. containing one
part of eklzloid to 4000 parts of water. his compound is
solutle in about 260 perts of cold water, hence it is not
adepted for the quantitative precipitetion of caffelne. (R.H.
Davies., Pharm.J., 1833,£253, (LLL),91.).

Gallotunnin procipitates moderately diluts solns.
of caffeine. A variation in temperature, changes the solubil-
ity and the kind of precijyitzte formed.

Even tho caffeine is a f=2cble buse ¢néd will form
salts with aclids they ars very e&«sily decompossd by water,
alcohol and ether. This is due to the fact thet szlts of
caffelne are hydrolyticslly céicceocisted unon dilution. flence
it is poscible to completely remove the alkeloid from znm acidi-
fied solution of wster by cheking out severzl times with ben-
zepe or chloroform.

Caffelne hydrochleride crystallizes in colorless
prismatic needles. Tne acid is lost st 759C. Caffeine sul-
fate 13 deposited from & hot slcohiolic solution in shining
needles, and 1s not decomposed below 102°9C. Caffeine nitrate
is found as fine transporent crystzls, becoming opzcue in
water and changing into pseudomorphs, or microscecpic neadles
of the free alkzloid.

C. 0. Johns has prepared 1somers of caffeine end
theobromine by alkylsting with dimethylsulfste.

According to Comberg (J.Amer.Chem.Soc., 347,1836,18)
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caffeilne gives rise to & number of perhzlides vhich are note-
worthy on account of their insclubility in watsr. This is
accomplished by adding a solution of iodine and potissium io-
dide to an aqueous solution of the &lkxsloid acidified with
BECl. A ppt. of Caﬁloogﬂ4ﬁl.14 is irmediztely formed; &nd this
crystellizes into dark blue pri=sms when put into methyl alcohol.
Caffeine can be coxzpletely precipitated by silico
tungstic acid in the presence of 5% ACl. (C.4.Vol.18,P.8:2,
1922, & A. Azedian, Bull.foc.Chim.Belg.l:, £1.1922). then dried
at 30°C. the composition of the precipitete is 12 ¥.0:.£10,.210.
Z(Cgl1gN40s) plus 6Hc0. After igniting this there is left 12
Woz.S109 which, multiplied by the factor 0.2€46 glves the equlv-
alent of czffeine. ¥hile this method might be used for the
quantitative determination of caffeine when considerable of the
alkeloild is present, it would not by practical or accurate
when there 1s present only one or two milligrsms of caffelne.
Several elxalolds ircluding caffelne can be titrated with the
above compound, using nmalachite green &8 the indicator. HMala-
chite green in HC1 has a reddicsh or brownish orange color.
@he green color is at once restored by silico tungzstie acid.
As long as the alkaloid 1s in excess the solution rewmains
yellow, but as soon as the reagent is in excess the green
color eppearse. Volumetric silico tungstic acld is standard-
1zed egainst the pure caffeine to be titrsted. (C.2.Vol.1l3.P.
792,1925. E.Q.Eorth, and G.D. Beal, J.Am.Pherm.fssoc.12,883y
98,1001-9,1324).
tccording to I.XE. Kolthotf (Z.Inorg.Allgem.Chem.
112,136 to £C8. 13820 end C.A.lL, 1€70,1221) alkaloids and
their salts may be titraeted with sctisfactory accurccy by the






electrometric method in very diluts solutions. TRhe alksalolds
themselves are titrated with ecid; tne conductivity curve rises
steadily from the commencenment of the titrstion, and at the

- point vhere salt formetion 1s conplete the rate of increeze of
conductivity augments. The alkaloldual szlts zre titrated with
&élkell, &and there is a shcrp brezk at the ncutral point.
Titration of &slkaloids or their salts with indiceators generally
give uncertain results beczuse a solvent such &g alcohol or
chloroform has to be used, Vthile for elcctrometric titrations
no colvents need be used in the caceoof alkaloidal s=zlts, and
£56% alcohol can be successfully used for the free slkzloids.
Caffeine and theobromine have a dissoclation constent of
approximate 1 10'14and 1 }.C)"l'3 respectively, and the latter
can be exactly cstimeted in & mixture of the two &lkaloids by
dissolving in an alkall snd titrating back with an scid. The

breaXx in the conductivity curve is cuite distincty.
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Ce. Physiological Properties.

¥hile having no direct bearing upon this problem, it
may be of general interest to give a few of the physiological
properties of ceffeine.

This alkaloid is odorless, but nas a bitter taste.
ihen given in excessivae doses it possesses decldedly poiczon-
ous propertiez. Vhen adminlstersd to frogs it produces
tetanas and rigor of the voluntary nuscles. One fourth of a
gne of caffeine killed a czt in &8 minutes in one trial. 1In
all experiments it caused increcsed frzjuency of the heartts
action and repeated exmptying of the blsdcer end intestines.
After death the alkaloid has been detected in the blood, bile
end the urins. In man, ceffeinc ciuses increz=ed hezrt ection
by stimulating the cardiuc muscleg, and excltes the nervous
system, &nd it has been stated to bo an antidote for nicotins
poisoning. The toxicity of caffeine mcy fluctuzte between
0.10 to 0.20 gm. per kilo. wt. of animel. (ilients Comm. Org.
Analysis,Sth edition, vol. 7,p.210).

A neutr:l compound of c:offeine «nd smlooacidylphen-
etddine 1s stocted to bte suitable for sucutuaeous injections.
Steble solutions of caffeine &re prepared by dissolving in
sodium or &xmonium benzoate, cinnimcte, or salicylete, and ere
used for hypodernic injJectlions.

The continued use of stimulating drinks containing
caffeine results in the establishment of a tolerince for the
alxzloid in the body. The cbesence of this tolerance 1s easily
demonstreted by observing the eoffects of drinking tez or coffee
after having abstezined from such stimulents for a considersble

length of time. However caffeine differs from most other
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alkaloid: in thet the ssmz dose will continue to give the scnme
amount of stimulation and effect upon the nervous system, sfter
once bscoming accustom=d to it. This is called the "hsbit
tolerunce® of caffeine. W®hile such élkzlolds &s morohine and
cocaine are taken in incrcasingly larger cdosss to get the
same amount of stimulstion, with th2 inevitible fatel result.
fome authorities claim that the injection of caffeine
results in the increzsed &bllity of the body to teke cere of
foods containing & large percsntage of protein. This perhaps
is pertislly due to the diuretic effect of the slkaloid.

It ie quectionable whether caffeine is changszd to
uric ecid to eny extent In the body bsefore being cxcreted,
Nost of it appecrs to be excrcted in the urine &5 uanchanged
caffeine. (E.L.V=rdell & V.C. Keyers.Proc.foc.Expetl.Eiol.

¥ed., £7,828-20, 1226).



BISTOFICAL (conttd)

II. EUTHODS OF CAFFEINE ANALYSIS

D

The ceffeine found in coffee and t=a, being entirely
solutle in hot water, alcochol &nd chloroforzm, has been ex-
tracted by these solvents in procticelly ell of the esrlier
.methods of caffeine anelysis, s well 25 in the best methods
in use et the present time. rther &nd cerbon tetrachloride
has been used in a2 few of th2 less important methods

The methods of purifying thoe extracted caffeine have
been quite varied. Lime was usced in a few of the ezrlier
methods, but due to the fact that it rapidly decomposss caffe-
ine when heated above 100° 1t was coon replaced by ragnesium
oxide, which has no destroying effcoct upon the zlkaloid et the
temperature of boiling water. Some of the similer methods re-
move the fatty end oily impuritizss by eimply adding hot water
to the dried residue after evaporeting the sclveat off, filter-

ing and reextricting the caffeirne from the eguszous solution

[$7})

by shaking out with succesive sortions of chloroform. [Iurther
purification 1s extremesly neocezsary in the case of deocaffeinzted
coffee. Beslc lezd ascetste 1s emyloyed successfully ss a puri-
fying substence. The excess lesd is precipitztad s PbS. by

thru the filtrate. 2lursinum acetate is used in

wm

passling Ho
one or two metheds. The usa of 1% K¥n0, solution end przeip-
1tating the exceze with 2% H-0c 1s &z populer way of purify-
ing the caffelrne recsidue as the use of ¥gd. if not more so, be-
ceuse 1t 15 & simpler and a quicxer procedure of the two.

However there 1s a slight loss of caffcinz vhen KinOg4 135 ucsed
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especially if the tezporsture is ruch over 202 C., or if the
szxple 1s let steénd cover 18-Z0 minutes.

Hydr lysis of some of the impurities, such &as the
szponing, by boliling the crude extracted caffeire in dilute

ecid 1s employed in combination with othizr ste=gp

w

in purifica-
ticn in & faw of the methods.
n all of the recognized methods the separation of

the caffeine from the sjusous solution, after purifying and

[ %]

filtering, 1= accomnlished by sheking out with from three to
gix pocrtions of chlorcform, and then evaporzting off the
solvent on a stecm bath.

The colculetion of the fingl residue of ceffeine in
determining the percent:ge of caffeine 1s accomplished in one
cf five weys in the vesrious methods used up to the present time:

1. Drying the residus zt 103°C. znd weighines a&s pure

caffeline,

2. Deterzining nitrogen in the residue of ciffeline.

A
L]
7

ubliming the caffelne and weighing the sublined
crystels.

4. Precipitztion of caffelnec &s periodide, znd
titreting the exce:s lodine 1eoft.

5. Precipitetion of caffaine with silicotungstic
ecld, ionitine and weighing,

In

n

tudying the differsnt rmetheds of caff2ine enaly-

m
[
ta

it can be readily observed thet thers ere four distinct

r
ctr
(0]

w

p3 in przctically every mothod,

1. Ixtrocetion with & suitablce solvent. (U'svally
vetting with water or smxonisz 1f solvents
other thzn wzter or elcohol ers used).



2« Purification of the caeffcine efter removsl of the
solvaente. (By absorption, oxidation, hydrolysis,
preciplitation, or selective solubility).

5. Seperetion of the caffelne froz tne &guecus coluticen,
after purification & filtration, by chaking out
with chloroform.

4. Determination of the purity of the caffeine residue.

Theze four steps will be used &5 & basls for clessifi-
cetion of the different methods of ceffelne analysis 1In coff=ze
and tea. The majJority of the methods are epplicable to de-
ceffeinated caffee, 1f grecater care is observad in the anealy-
sis, esnecially in the fourth step. The majerity of the
zethods will be described briefly, wiile the others will be

merely classified with the eccompenylng references.
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I. CAFFTIKT ZITEACTID RITH HOT VATLFR.
A. Purificetion methods include the use of mazgnesium oxide.

l. Z, D, Emith. Irproved method of s:stimating caffelne

in coffees (J.hzer.Chenm.foc.8¢,550., & Chem. Centr.

1,730-71,1€87., from Zelt.osteor.isotheVer.4l,302).

The s'mple 1s mixed with & small emount of Y30,
boiled § min. flltered. This 1s repcatod. Mude uv to 202 cc.
by perccletions Corbinsd filtrates are evapeorated to L0 cc.
Pesldue trzcted with alcohole This is eveporitad off & ths
residue dicsolved in & small amt. of vatere. The zyueous solne.
1s charen out with CHClz in the usuel mannsr.

2¢ Cemilla & Tortusi, ¥ethod. (Comills, o & Tortu:si,

Ce. Lezeurch on the deternmincation of basic xznthinos
and their derivetives. (C.2.0,7473,121%,. Glorn.
Ferc.Chlz., €1,3635-31).

This is somcwnoet cizilcr to the Belley %2 Aandrow
method except thot the sample 1s belied in an ecid =oln.
neutrclized with ¥gzd., conce to €32 cc. acidified, extruacted
with CClg. Recsidue is zut into susyonsien with water, [1l-
taored, trested egzein with Xc0, cvaporiting to a nowder & re-
cxtracting ®ith CiCla. '

-

Bailey cnd fndrew mothied (Refe Anurew & CoX.Bolley.

Deteorminetion of cuffzine in tesn ond coffec. Cobe
17’1038’13:\\10 Cu"h tl ro:“;‘:t 0~,t<.l.,§:d;.lo :,'—7’ 6‘8
1821.Anelyst 40,408),

(1) ¢rind sarple to peas 1/90 in. sisvce.

6
N

(°) To 5 gm. tea in & E00 cc. grode flecz 2dd 13 ge
hezvy ¥g0 % Z30 cce weter.

(2) Boil gently for 2 hrs. usinz a =xsll bora tube
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(4) Cool, dilute to volume & filter thru e dry filter.

(5) To & 320 cc. alijuot in a 1 L. Frlenreyer flaesk adad
10 cc. of 10% Hu804% evspe by gentle boiling to 100cc.

(6) Filter into & s:zpzrateory funnel, woching the flask
with small portions of 1% HoSO4.

(7) thake out 6 times with CHClz (£8,20,15,12,10,190,cc.
portions).

(8) Treet the cocbined exts., with £ cc. of 1% KOH. Shake
thoroly.

(9) Druw off the CAClzleyer, and wash the KOH with % 10 cc
portions of CiClz &nd &dd to the main bulk of the extd.

(13) Distill off the CHCl to & szall amt. & trunsfer to
terad flask. Fvap. to drynes:c, dry at 1099 to consteant wt.
snd welgh,

(11) Transfer recidue to a digsstion fla:zk with small act.
of HoS04% Dater. N. by Kjeldchl method. Calc. caffeine from
Ne. by the factor Z.464.

4, Tessily. (Tassily F. Estimation of cuffeine in caffee.
Bull. Soc.Chim.(111),17,751-768, & J.Azcr.Chen.Zoc.,
76,144).

B. Purification of the extracted caffelne bty oxidation
with K¥nOg4.
1. cavini. (Cavini G. The analysis of coffee znd coffee
substitutes. An accurate method of determining ceifeine.
Ann. Chim. Applicsts 13,217-50,1222. C.2.18,177,1374).
In this melhod the agucous extract is made elkaline
w1th emmonia and extractoed with CHCly in a Ysrino extractor.

The solvent is evaporatoed off end the residue boiled with






sufficient 0.L% Kino4 in £0 cc.

violet color. It 1s reextr:a

of water to give

P

I

percanent

cted with ChCla in the Yarino ex-

trzctor. Thao solvent =veporated oi'ly, znd the residue dried &t
98° for 15 to 297 min. wnd weighed 25 oure caff=lne.
C. Purification of the extractzd ceffeoine by precipitation of
impuritiess with bzsic lezd acetate, or basic zluminum acatate.
l. Modifled Stehlochiridt Yethode (JeL.0.2.Ce Z,M0.1,£7,
1317. & 2llen's Corm. Orguanic Analycis,Vol.3,Pt.2,P.43).
(1) Grind sizple to pucs & 490 mesh sieve & weizh out
3.195 g
(2) 2dd 225 cc. of wster to the sample in & 520 cc. flesik,
attach & reflux condenser end boill for 2 hrs.
(8) Add £g of dry basic lecd acetate % boil 10 min.

Cool to room temp.
(4) Tronzfer to a £50 cc. gro
the mark, thoroly mix & filter thru
(&) !

groduated flesk & pass

Ce

of th=s i

Mezcsure 200 C
hru to r
Xake un to the mark ilte

(€)

2 g. of tho semdle,

[y
3

Te

0

¥eeasure out £0J cc. of tu

into an eveaoreat
stecnm bath to about

(7)

40 CcC.

ash ths corc. soln. with

blz into & seda rcto"y funnel % sheie
(25,20,15 & 10 ce sortions). 1In the

1 s mude slightly alkaline with Ri,0H
C[iCla. Run the separatz portions of

paper into a esmall Erlenzeyer flask,.

~l-
[P Iey }

cdusted flz Yeixe un

a

dry papere.

-

ltrcte Into @ £EC cce

cmove the excess lezd,

e fiitrate, representing

2

ing dish & conc. on

3 little water as possi-
out 4 timez with CHClyz
the seln.

case of coffee

tn

bafore extraction with

G

CHCl:thru 5 cme. filter
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(&) Ramovs the chloroform, dry the resldue to & con-
stant wt. et 1009, wnd walsh.

(2) If the eaffalae residus is not pureydetarzine %.
by the Ejaldehl method & rmultli-ly by th2 fzctor &.464 for
caffeine.

2. Hilrer and Juckonecel methed. (Hilger L. & Juchancck A

The estiration of eeffeinc In t=¢ and coffes. Jo.Phorm.

1837 (vl1),6 184 -127, :poth.Z21t.16237,1°,145 2 427),

(1) £2 g. of finely ground coffze or tes sre digested

for several hours with 932 cc. of wecter 2t room tampe % then

boiled thrzo hrs. for grzen coffze & 14 hrz. for roested
coffee, ronlacing the water lo:t by svoorction.

(7) f£fter cooling to 70° 7.5 to €.g.of bzsic aluzinum
acetete In solutior is run in, wnd then 1.2 g. of XziHCOp is
grodually added while the mixture 45 well stirrzd.

(3) It is beiled for 5 min., conled, water zdded to
rz.i2 the toteél wt. 1070 g. aund flltered.

(4) 780 g. of tha filtrstz coresvonding to 15 g. of
the sample, to which 10 7. of dried & jowdsred slurinum hydro-
xide & a little filter paper hevzs been sdded, are evaporated
to dryness.

(3) The residue is extractad for € hrs. with CClg.

(6) The solvent is evcsorated off £ tha residue dried,
welghed % calculated s caffeine.

3. Azedlaun. (Bul.Soc.Chim.DBelgedl,15, 1372 & Allen'ts
Comm.0rg.Analysias 5th, edition,vel.?,?.240).
(1) 2fter extracting the sample with weter, tha soln.
1= clearecd with bssic lead acetate.

(2) The caffeine 1= precipitated in a £§£ HCl soln. of



£ Oe

ECl with silicotunsstic acid, &nd let stend ceverel hrs. cor
over night.

(2) Tre liquid 1s filtereé off und the ppt. is dried
ignited znd weighed. It has the corpocition of 1¥ V0:z.fI0c.,
which multiplied by the fzctor 0.5648 givesz the equiveclent of ca

caffecine.

D. Ho purificction or scperation of iznhuritie: from the caffeine

s}

other then shuxing out the sguecucs colution with CiCl., in &n

&cid or slxzline solne.

1. Tcetlocik end Thomzone (4rslyst,1318,05,105).

The &cuzous filtrate is evaporatzd to a smell vol.
NuOHE solne auded &nd then extrected with CHCly etece. in the
usuél mennere.
2. Guillot. Ruoid ectimetion of ceffeinz in tze &na coffce.
(Cham.Centr.1.8 865,1835. & Apoth.Zeit.,8,127).J.4x.
Chem.l0c.54,8C8) .

i

f—

This iethod

0
o1

ply conzists in bolling the semple in
successive portions of weter, filtering, &and zhaxking out with

S nortions of CiiCl:.

E. Yethoés involving the uszse of lodine & KI soln. precipita-
ting the caffeinc &3 a periodiae.
l. Ceffeine determinad by titrsting tha excess iodine in
&n aliguot of tho filtrate &after proclpitatineg the cxffeine
&8 the pezriodide.

Gomberg's Proca23s. (Allen's Comz. QOrg. Anclysis,Bth

edition,vil.7,p <l & Jelmer.Chem.%cc.18,:.1,1856 &
Jelmor.Cheneicceld, 273,1E57)

(1) 5 g. of tea are boiled for 4 hr. with 400 cc. of



water, and th:in dlgcsted for anothuur ¥ Lr. with en excess of
freshly opt. ferric hydroxide.
) The 1i-uild 1: cooled and méd2 up to « suitable
vol. An zli-uct 13 takea aad filtered, scldified with dil.liCl.
(Z) The zaffelae is ppt. Dy a kao®n vol. of standord-
ino soln., & the pot. allowed to settle after beling

Py

mede up to a convenient vol.

N

4) An zliquot part of the clear supernztent liguid is

drarn off, and tha2 excessz of 1odinz deterxzined as usual. The

amount of caffzeine obtzined frox the volue 1 vert 1odine

-

0..854 caffeine, or lcce N/1O zodiun thiorulfate « 0.00480

caffeine. The mocst accurcte recult

’ﬂ

&ro obtzined vhen the

-

iodine sclne. 1s used in lerge excess.

This method wus devisecd for the estimution of
caffeine in drugs. It dep2rée upon the fact that whon a soln.
of ceffeine containing HC1 is trected with & zoln. of i1odine
and ypotesiuzm 1odide the vhole of the caffeine is pot. acs
pericdide Calin0ci lIsTse

P. Calfeine zepecratad end purificd by precinitating as
the perlodide cnd then decomposing the lodine, reextrazcting
the ceffecirne, dried & weighed &s in other methods.

1. C. Fuller. Tuller method for tca and coffece (Je.

Lszocs Offtcial Agr. Chemal,N0.8,508-8,1215-18).
(1) & 19 g. s:zmple 1s put into &un Erlenmzyer flask
130 cc. weter & 10 ce. of 10% BCl, ond heeted under a reflux
condenser for & hrs.
(£) It 1= cooled % the lijuld decanted thru & filter.
The solid materisl is trocted with 3-50 cc. portions of hot

vater, washing toru the filter. And then the filter 1s washed






with 50cc. of boiling vater

(%) The entire filtraste iz esveporaztad down to 1ECce
It 1s traasferrad to & Squibb tyoe szineratory funnel, =made
alkaline with Sce. of strong srmmonic, ana shelon out with Y-iCcc.

portions of CHClz. A szcond seperatien mey heve to bz mede 1If

i

sion remaining ia the s=scond sezeratory funnel & few celzs of
CeolluOll 1s rddsd and shakene Then the soperated CHClzic added
to th2 mein portion of the solvent and shziken out thes zlcohiol
layer with & 2ittle CEClyz.

(4) Th2 CHClicxtrzel 1s aveporatod off on & stoanm bath,
the last portion belng driven off by & current of zair.

(5) To the dried residue is added 10cc. of 10% HCL &%
£0cce. of water and warmed urntil the caffszine 13 thorely dis-

olved.s It ic cooled % 53cc. c¢f iodins soln. zdded (10 g.ic-

o)

dine & 20 g. of KI in 130cc. of weter). Tie {lask is stoppere
and let cstand over night.
(€) The soln. is filtzred, refilterins if nccessary,
and the flask cnd ppt. woshed with lodinc soln. but not necss-
erily removing &ll of the pot. to thz filter.
(7)

the rest of the popt. & B8.% g. of szoaium &cid sulphito

w

filter ooper izc 2ut into tus f£lesk contasininge
by L & <

-
o
Ly |

codium sulphite, tcc. of 10% i1:8504% 1lEcc. of weter cre added,
and wermad until ell of the iodine i1z decomnoszede YNore of the
salt is edded if the amount is irsufficicnt to descolcrize.

(8) The soln. i{s filtered into & separztory funnel,
an excess of strong K409 is edded & then shesoa out with 5-15
cc. portions cf CHCl:z. The coxbin=d extracts are woshad with

vater, di:carding ths lctter.



) The CHClz is evaporzted down to 10 to 1 cc. wnd dry ani-
wel ciiarcoal is added and allowsd to stend for 1 hour with

occazlonel snazing.

(12) The soln. 1s filitarad taru a smaell filter papor into a
tered dish, weching the flask end filter 4 times with Scc.
portions of CHCl:z.

(11) The CHClg is eveoporutcd off, tha recidue drizdé in a

desiccutor £ welghed.



IT. CAFFEILE LXTEACTEZD WITH COLORJOFOERL.

2., Purification methods include the usz of mognesium oxlde.

l. J.Xetz  (JoCef.65,11,301. & frch.Pherm. £42,47046,1204).
tmount of caffeine in the coffee used as
a baverwsge.

(1) &2 10 g scmule £s wet with 10 cc of emmonia, :nd
shalken mechenically with 200 cc. of CiClz for 3 hour.

(2) After thz2 s0lid has settlzd 153 cc. of the chlo-
roform is filtered off thru & {cnder's Pcigarctte filtarr.

The CHClyg is now distilled off.

(2) The residue is mixed with 10 cc of 0.5% HCL % a
few cc's, of ether. ADout 0.5 ge of pareffin ere caded, znd
the ether eveporated on a weater bath.

(4) The residue is hested until the paraffin has
mcltad thoroly, cocled and filteresd thru ¢ wet filter. The
residue is warmed twice in succession with 10 cc. of J.£%

HC1 and filtered.

(5) The united filtrates arz extractad for 2 hrs.
in & Katz percolator, with CHClz. The solvent 1= eveporated
and the crude reslaue weighed,

(6) The crude ceffelne is dizsolves in 10 cc. of
woter (plus & few drops of ether; which erc then boiled off)
«7 the hot =zoln. 1s heested for 10 min. withh & susoonsion of
lead hydroxide in wzter (1 to £0) &nd mixed with ebout 0.2 g.
of calcined magnesis, then filtéred.

(7) The residue 1is wmashied with woter, extracted with
CHClz in the percolator for 2 hrs.

(8). The CHOClz 1is evaporzted off, the pure caffeine



dried 3 weighed.

£. Cs Virchow (The determinaticn of caffeine In rossted cof-

fees ChomeZtgeid,10E7e & ColoeS,045,1311 &
Chem.Zeit.c4,107-8,1310 & Jelelualoal2,1524).

(1) 19 g. of firely ground coffee, 2.5 g. of ¥g0e % 10 g.
of water er2 allowed to stznd for 2 hours.

(2) This mixture is shaken with 2,100 cc. nortions of
chloroform, shaking ecch one cbout a minute.

(&) The extract is trected with 1 ge of paraffin & dis-
tillod. The last portion of th: chlcroform b2ing removaed with
a gentle current of air.

(4) £5 cce. of hot wzter arz &dded to the flask on the steam
betn &nd occesionelly sheien until the waex and fet 1s melted.
(5) The soln. is poured into a beaaker, washing the flask
out thoroly with hot water, end heztad until the wez and fats

heve completely melted.

(6) The =soln. is cooled &nd filtered, and the filtrote
evapcreted down to dryness. Trne resldue is dried to constent
wt. and weighed.

(7) To purify the crude caffeinc, the recidue is weshed
into 2 porcslein dish and pertlally eveporcted on & hot water
bath. Finely powdered X¥el is added z=nd the mixture covsdorcted
to dryness.

(8) The residue 1s powdered zg finely &s possibie znd ex-
tracted with CHClz in & portions, decunting thru & smzll filter
into a weighed flack.

(3) Tme solvent & weshings cre distilled off, the residue

dried and welghed.



Ze G. Bonifezi, The determination of caffeine in de-

cuffeirsted coffze. (Mitt.Lcobensm.iiyg.
17,527-1L,13768 & inn.ChimecncleChim,.
£20Le,0008,1307).Cohafl,11E6,1257),

(1) £da 5 cc. of EF NELON soln. to & £& g. sample

(finely ground) in & Soxhlet &.oaritus, and cx-
tract & to 4 hre. with CiAClz or cthor.

(#) Dictill off the solvent and #dd &0 cc. of hot
wzter to the r=ssidue. Boil for 5 minutes.

(¢) £dd 1 g. of E=z0 suspandad in & little vzter and
continue boiling for znotier 5 minutes.

(4) Filter thru o roistaned filter snd wash 4 to §
tires with 20-%2% cc. of beiling wetar,

(5) Evenorcte to drynezss, & heat in an oven =t 100°
for 1 hour.

(6) #dd 10 cc. of boiling water to the resicue. If
it is not entirely soluble filter, warh tnd agzin evcoorate
to dryness.

(7) Texe up in asbout £9 cc. of water and #dd 5 cc.
of 1% XX¥nQ04q soln. c<tir for 16 minutes and then decolorize
with 3% HgOg contuining 17 acstic wceid.

(8) Filter, if necessery, evaporate to dryness end

heazt for an hour et 190° in &n oven.
(2) Extract the residue with boiling CHClz 4 or &

times, rubbing the residue with & stirring roa, and filtering
thru a smwall filter.

(12) ¥vanor:cte off moct of the CiiCl;, cnd then sub-
lime the caffeine sccording to the directions of Veutier.

(11) Weigh the sublimcte efter drying 1 hr. et 102°.



B. Purificetion methods includa the use of potazsium
permengancte.

l. Fendler &rnd Jtubere. Th2 determluciion of

Jelelael .C.‘q,, S lel314e & Horlin

(1) #fter grizcding the cumole to poss & 1 mme si-ve

leter modified to Cofim) 10 ge ere niut into & gless stoppercd

£l

N

bottle, &¢nd 10 cc. of 10% K400 ere &ddsd. Let stand & short
timz until the ceample 1s thoroly wet.

(2) 229 g. of CACl:z &re aided znd shaeken vigorously
for 3 hr. then chilled in en ice beth.

() The content: ers i{iltered on & filter large
enough to hold the entire contents of the flesk, coverins the
flask with & watch glass.

(4) 150 go of the filtrate or rmors are collzcted,
having thne funncl resting directly on the reck of the flesk,
and the latter surrounded with ice. Jscsoon as the CiECly
ceazes to run from the funnel the flauk 1s stoprered znd welgh=sd.

(8) The chlorcform is distilied off on & steum beth,
remeving the lest of the ClClz with a current of air.

(3) The residue is digested with £3 cce. of water on
the eteam bath for 10 minutes and let cool,

(7) =0 cco (for roasted) & 10 cc. (for graen coffee)
of 1% ¥un0Q4 sre &dded cnd the mixture let stund for 18 nisutes

shaxing occaslonaliye.

s

21 acetd

[#]
[£]

(8) = cece of &7 E-0g(conttg.l cc. of glac
acid per 172 cce frez from ecztencziid) are cdded, end then 1 cc.

portion et & tize until the rad coler of the KinQy4 1= dsstroyed.



It is th=n plsced on the stesz batn and 0.L cc.
addzd until the

(3) It ic coolecd, filtcr-d thru o

washing ¢ith cold wcter.
(18) Tne filtrate is tronsferrad to «
nel ard sheken out with gix porticns (of 5 cc.
(11) The combined wzshines are evayor
S l. and trirsferred to & welghed bocker,
dryness, and drlzd to constent wt. in &n oven at

¢0 minutos.
(1°) To test the purity of the res
determination 1s mzde

by the fector Z.4€4 for caffeine.

by tne KJeldahl method and

vortions of
solution becones no lightar in color.

¢ooch ericible,

T tO*}' L un-

sach) of CiClz.
zted aownn to &

avaporatad to

100° for shout

then velghed.

idue, the nitrogen

multiplying

2e¢ Gefonifozi. Tiiis nethod i3 dzccribad under II A.
hzving & double purificetion

using both Mgl % KXnO«.

Ce. The finel caffeine reszidue 1s sublimed. Mz0 and XMnlg
not used.
1. J.Durmcnne. The deterrmination of caffeine in teas
end rossted coffces. (C.A.5,1343,1311. & inn. Fals.

4,33-101).
(1) & go of &

conztznt wt. at 100°.

(2) It is shezien 10 min. with B0 cc.

ether (b.p.60°) znd deconted thru a filter paner.

peatad using 725 cc. of ethar. And then tho whole

thrown on the paper and weshed with 7L cc. of eth

petters may be determined by evaporzting off the

ing the residue and weighing.

of petroleum

This 1s re-

samnle is

ether d4dry-



(Z) The residue on the filtaer peper is air dried and
transferred to 2 223 cc glass stoppered flask. 183 g. of CIClz
are zdded &nd then 5 ge. of & 105 XH404 soln. &nd sheaiken for
gt leest <0 minutes.

(4) The extract is filtereu thru & wet nea.er, snd the
solvent distilled off on & stezm beth. Residuo is drisd and

welghed thus estimeting the crude czffeine.

(5) Thre residus 1s dissolved in a little CI'Clz end
trensferrad to & small sublimetion of the following de2zcrip-
tion: Length 18 cm., din. 18 mme s2cl=d at the bottom, drawvm
dovwn to a diae. of ¥ mm. 4 cz from each end.

(8) The CHClz is eveporsted off on & stzem bath, dried

st 1720%°.In the lovor constriction &n a-bestos rluy is placed.

o

(7) The tube 15 Lept iu z pareffin bsth for et least
i 4 [ ho L ‘nO
Z hours at Z£10° to 40V,

(8) The upoer bulb is now filed off and tha caffeine

A
(D
v

crystals washed out with CHClz into a weighing bottle, cvipor-
at=d, dried znd welghecd. % cecond csublimetion vill give ab-
solutely pure caffeine. Thils method 1s &u:licable to &ll sub-

stences containing caffeine.

D. Mo purification methods usad other then adding hot water,
filtering end shaking the agueous volution with chloroform.

l. F. /Cemse Tha2 dctarmination of caffeine in coffee.
5,1470,1511. & ZrcheChe o¥icrolel,%17-15).

This 15 esseantially & doublo extrection mothod using
the Xatz extractor «rnd adding ocreffin to thoe arueous solution.
2. A.C.Potticsoer. £ micro mothod for the determination of
ene

Z. Untersuch.Liboncime5i,140-51,1307).

DL, UTET.109T. &

Ph
(@]

ceffeoine In cof



Ce Co¥Xlf, Tuo ertivotior of cuffcire in row deflfce,.
(JO\.On L] 1J’jJ ,L.‘)'?. :. ::‘Lt’cgfjﬂ}tt}_.{:}. r_‘;uol:-'::,
lea-c,lie).
This oethod invelves voxiilezt witih CuCL. Inet-ud of the

usurl sheiinpe And the nitrogen doteoreinetion 1z sliuply mude
on the first rezidue loft cltor eve,crotlng the T

the Yoxhlaot oxtrscticn.

4 ' Voutier, Tha cetoryinre
and coifne cu
'C‘ff'::“r . (t"o e

- L = - + ~ 3 -~ . - - - - ad M
Thaz cutior reocornmzengs itrogon Goterwingtion of tha

Getermining X, or by cublivation.

- - ~ 4 . b% Ba [ i P RS
bo (‘OL ’f:: tﬁt‘tho (un)“..‘ 9 e /,?. Jeo ;‘-C~ oouam ;Iuc.
N B L e . o P .-
felas c..,.,...z-: y e -L"::_.'to f, Te Zf’u. .
res P P B R - I B
'\.!’:‘_-.,.._".1’.7.1-.‘ ,lm ‘?-.,C.:"--. y: /71 lj.«u)

U cce of sater, and let otond 3 onour,
(£) It 15 theo extricted for O bro. in & Yorhlat ex-

tr.ctor with CaCl-~.

N

~
~e
y
{
(-&
IJ‘
o
"
]
7]
[
[
jint
-
]

Z) The solvent ir evepcoritsd orif
of fot & caeffoinuz 1 troats=d witi: hot wateore.

(4) The zolution

ol

¢ filtered thra ¢ cotton plug, snd
rZshed with hot vater.
The filtrste ond vwashine2 nre modo un te 55 Cce

F P - 3 . 3. - . . . - N s B
£D cce are tenom and erirsctod with 4 portisns of ChCl..

tered flock, the coffeins dricd et 125° anz walphed.

B8e B, To~or, MNoCificd srocess for toae-detarmineticon of
cuetf'fzine gnd thocbrazlne in colfea. (Phorm,.
.:‘-l- . lp’b‘?-n‘l,l :“'; S,-' '\T'(‘.‘.{".I.:. ,115‘3 .

s tho S orocatunrTe &3

This mathind hos croonticl!

thi = gortor method.
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IIY. CAFFEINE EXTRACTED VITI ETHYL 2LCOEQL
L. Purification methods include the usz of mumeacsiunr oxide.
1. Pzul #nd Covrlev. (Phrrm.Jg.(111),1¢,217,1RE7.

Allconts Conrme D20 !qal. tth edi-
tien. Vol.7,p <

(9]

o)

(1) & g. of & finely ground sample &re pixad in &
portzr with » g. of lNgDd., wolstcned with hot vater cgezin tri-
turzted ¢nd thon dried =zt 135°.

() It 1s extrictec with boiling zlcotiol and the re-
sulting liquid oveoorcted n=2urly to dryness.

(¢) The residue 1z boiled with £3 cce. of water snd
treazted with z few dropc of dilute H:-E04.

(4) .Vhen cold thz soln. i: shalen eith CAClz until
exhausted.

(5) The cowbinad extracts are weched with & 1ittle
¢ll. solne. of lalf which removss come of thc coloring matters.

(6) The CIiCly i: diztilled off lecvliang the ceffeine
pure and colorleszs or &t the most a slight gr=zcn tinge.

2. Po¥cr end Chesnut. An impdroved m=thod for the
cuentitetive ateraingtion of
coffelne in vepztable moteri:l.
(FeB.Power na Ven.ChasnuteJde
AcereChene 0Cedl,1026-1036,1313.

eidy
& Official & Tantatlive K:tdods

Of t‘-n( J_J’ 1;40".0 2

RN

, PR ==

Veild el Caboll

(1). # 10 z. scmalas (eround to jez: a 0.5 mm. sizva)

13 roistened with & little wlconol end 15 extrictad for &€ hrs.
in & Zoxhlet extrzctor.

(¢).Tha cextrzet is added to 10

(e

« Of heevy Y0 in

<

\

100 cc. of water and cveporcted with freguent stirrine on a

¥zt er bath to & dry powder.






(¢). It 1s finely pulverized znd made into & peste
with hot water, then trenzfarrs: with hot witer to a smooth {1il-
ter, cleaning the dish with & rubber tipped glass rod. It is
fillter=d into a 1 L. flack and the filter iz washed until there
1s 250 cc. of filtre

(4). 29 cc. of 10% L. 80, 15 zaded and bolled gently for
& minute: with & funncl in the neck of the {lack.

(). The soln. is coolzd snd filterad thru a meistened
filter into a soparatory funnel, weashing the flask and filter
with smell portions of 0.IF¥ HolOge

(€)e The zqueous soln. is shaben out with 6,55 cc.

portions of CIiC1

“Te
U

(7). The combined extract of CHCly 1c shaken in & separc-

tory funnsl with 5 cc. of 1% XOH. The CHCly is filterad into
an Erlenzeyer flack; and the KJH soln. 1= washad with 2410 cce.
portions of cnc1%, adding to the extrect.

(8). The finsl CHClyg cxtrzct 1s daistilled cn the steax
beth to & smell vol., &nd then trensferred with CiCly to a smell
w2ighed beaier, carefully evanoratzd, dried for &0 min and welghe

(3). To test the purity of the caffeine residus,the Y.
deterrination msey be made, and multiply by ths fuctor &.464 for
caffeine.

B. Purification method: include the us2 of pota=zium
pernengensate.
1. (Yrs.) S.Cobert. Determinetion of caffeins in texn
and coffee.(C.2.51,202,1357. & fnn. Fels.13,
£838-94 l“"G)

This mathod involves sheking the semale (previous!

ed.



wet with ammonia) with 4 portions cof alcohol. It differs froc
the usual methods 1In that «fter each chiaking with alconol tne
mixture is cenrifugede Th2 dri=d residue gfter dicstilling off
the solvent 1s treated with hot weter, filtered, treatsd vith

1% Eln04 etce in the usucl manner (Fendler end Stuber methiod).
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IV, CAFFZINI ZZTR2CTZD ¥ ITH CARBON TUTRACHLOFIDE.

L. Purificstion methods include the use of Ycgneslum oxide.

l. I.5.Cemilla end C.Portuce, The detertinction of
basic xanthines in cocoa,
tso, colfzce pd thiodlr de-
rivatives. (C. F.b,,&73
1217« & Clorn.Ferm.Chinme.
BLl, 87 -44) .

with this method the finely ground saxplz is extracted
with cc14 in & Soxhlat axtrector for sovearal hrze The sclvent
is then sheken with water acidulated with HoS04. Thiz ramoves
the thecbromine, le2zving the caffeine in the CCly, which 1is
evazorated off eond the residue tal.en up in weter. ¥zl 1s &:ded

and the mixtur: evs.orasted dowvn to dryncess, powdered and trons-

Terred to & flackx under & reflux condenser snd extrectzd 4 to

5 times with boiling CHCl,. Tho solvant is dicstilled off, &nd
L

ths caffeine residue dried to constant weight end weighed.

B. Purification mothode include the usz of potessium
permangancte.

l. KosLondrich znd F.lottbonime A method for cetermining
calfeine in coffee (C.i.8,
14 ’l"(J—} Eﬁ Lt C‘t-uf”clnsto
l’l.""} .7-;.‘,\.‘1‘. Q2nussEm,

17, 5 l,‘Cv)

(1). 2 2 go zexnle of coffze (fineness of 1 mm.) is
molsterned with 10 ce. of weter, end 1-t stind with occesional

oer cad»sule it

o

stirrine for 3 hour. After trinzferring to a p
15 extrscted for & hre. with CCly.

(8)« 1 go of prraffin is added to the CCl, extrict, the
folvent distilled off and thez residuc extractad with boiling

Vater (%0,2%,25,25 ce. porticns).

(3)+ Tua combined wyu2ou:z extract is filtered thru a
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rrolcstensd filter, the latter wachod, and the filtrite trested
vith 10 -&2 cec. of 1% Fn0,e

(4). Lfter standing 15 min. the ¥r. 15 opt. &s hydrrted
oxlde by mesns of a little fi,0, (contp. 1% C1.Co%fy. It is
hested 1T minutes on a stesm bsth, filter<d, washed, evaperated
to dryness, wnd finully dried at 12329,

(5)« The resiquc is extracted with werm CECl, by de-
cantztion. Toe CHCly 15 distilied off, the residuzs dried for

£2 minutes et 100° and weighod.
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Vo CAFFFINE EXTEACTED WITH ETHER,
Ae Impurities separated only by treatine residus with boil-
ing water and filtering.
L. Z. Vautior., Determinction of caffeine in coffee.

(Ann-Chimc inc *Vt.,r-),‘“'?, ~10 13180,
& JucaCalec?,710)

(1)e 5 go of & finely ground sampla i3 rolstenzd with
5 cc. of smmonia in &n extrection thirbls and extracted for
4 hoursz Iin a Soxhlst a2 .puaratus with ether.

(£). The extract is evaoporete nd the residus treatead
with bolling weter. The soln. 1s filltered end the insoluble
material washed with boiling weter until 1853 ce. have been
collected.

(). The flltrzte is cveporested, and the residue dis-
solved in & emall quantity of bollinrg vecter. The soln.is apain
filtered, the insoluble portion washed, &nd the filtrate
evanorzted to a small vol. &5 before.

(4). The resicus thuz obtsined 1s heated znd the

sublired caffeine collected on a waten glass and waighed.



LXITININTAL

I. LETEQLS

Thie methods of caffeine anslysis emzloyed in this
work are, &5 stated in the intrecduction, the officiel Pozer-
Chesnut method and the tentative Ferdler-Ctuber method which
are given in the O0fficizl and Tantative Wethods of 2fnalyels
of the Assoce. of Officisl fgr. Cherists, second edition,
Pe &Z4-225.

The procadurs for the Powar-Ciissnut method was
followed exactly &s given, &nd each step wca performed very
thoroly when &nalyzing decaffeinated coffee.

2rocadur2 in the Fandler-Stuber methiod.

In the rejJority of the enslyses made by the Fendler-
Stuber method a few minor rodifications were adopted, whichn
were thought to add to the sccurzcy &nd convenience of the
method. Becuuse of the prefzrence of this mnthod over the
Power-Cheasnut kethod, for the caffeina analysis of decaffeinat-
ed coffee,(the recasonz for which will be given later), it will
-be well to give a brizf di=scussion and deséription of the
various steps of the mathod..ftep: Hoe 1,111,127 and 13 &re also
&pplicakls to the Power-Chesnut method.

l. Ths sample 1o ground to pass & 0.0 mm. zilove.
The necessity of grinding to this dzgrae of fincness is shown
in teble Ho. le. It 1is difficult to grind coffes to this degree
of finecness 1n rost 111lls because of 1its oily nature.

The ¥%iley mill will not deo saticzfectorily if it is
desired to grind finesr than the 1.0 mm. size. A pobble mill






works well if considerzble time 1s cvellebles A smell ¥nter-
prise #94 coffze mill we: uced to do mo:zt of the grindinz.
ind 1t vze found that by setting the plates guite closely to-
gether the most of the sample 1s ground to &n even greater de-
gre= of fineness then that wihich will just pass the 0.5 mm.
sieve. Ilznce it wes found unnecessery to run the samples
thru & sieve after grinding.

2. £ 10 g. sample i3 wet with 10 cc. of 104 HIL0l.
Thies 1s a large enouzh simple even for the analysis of de-
caffelnated coffee. A lérger scmple results in more irconven-

ience in handling wilth no greater accuracy in the results,



-

TAD FTFFOCT OF FIHTYNARSY OF QGRINDING UPON THE FFFICIZNCY OF
EXTRACTION OF CAFFTINE FBOX DICAFFXI®ZTID COFFIZ.
(FENDLEE - STUESR LYTHOD)

Samnle. < ot caffeine by nitroren determinetion.
1.0 Em. sicve. 0.f mme csieve.
xar1~e Htr ¥o. 1. 0,012 % 0.0148 &
" 0.01::1 0.013&
" n L 0.0106 0.0147
" n L 0.C120 0.0149
n n n g, 0,0173 2.0183 (Pover-Chasnut mathod)
" " roQ, 0.01E8 0.0181 n L
Ave s~ 0.0135 ¢ 0.0184 &

+ELE NO. Z.

COUPLELTIVE DEEULTI OBTAINED BY UCIEG WATUR INCTEAD CF 10% HHL0H

TO WET TiZ SAMPLE EXFOFY ZXTRLACTING wITH CHLOBCKORM
(Fencler-Ituber mothea).

& ceffeine by nitrosen dotevrinstion.

Zcmnle.

.et with watere. ot with amronis.

Eeffse Bsg Fo. lz 0.0147 & 0.21<4¢C &

n non " 0.0142 CeUlod

" LI 1b. 0.010¢ C.01%¢

" n on n 0.01232 0.2151

n L 2. 0.0108 0.3221

n non 4, 0.90¢¢ C.0%46

n non 5. 0.0:40 0.0:80

kil A n 6' 000119 0-0130

n woon 7. Q0.0128 0.0111

n non 8. 0.0162 0.2171

n 7 on J. 0.01:2 C.21¢0

n n n 100 00015;7 00:116

n " " 1l. O 213 C.01ce

n n " Se «.0°14 DeTk54
Senke Coff=e 1. O ozi4 0.0005

tverzge- 3.0167 & 2.0184 &






N
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It is preferred to wet the sampla with 109 NHQOH in-
stcad of water, not becaure of obtaining higher or more accurcte
rzsults as 1s shown in Tuble Ho. £, but beczuse of a grester
convenience in filtering (the residue being in & more granular
stete), and the securing of a more colorless acueous solution
in the next step.

o Acproximetely 150 g. of comm. redistilled CiiCl;
are added to the wet sazpble in & sultable glass stoppered
bottle. As the entire CHCIE 1s used, 1t is unnacessary to
welgh the solvent, and & mark cen be made on the side of the
bottle so that in lster cznalyses the bottles can be filled
very rapidly. A rubber band is pléced around the bottle and
over the glass stopper to hold it in nlace while shsking.

It was found thet ordinary comm. CHC15 used possosced
no caffeine dcstroying power &s is showsn on teble NMo. &. Eut
in order to szfeguerd the possitility of securing CHClz of
varying composition all of this solvent uced was redistilled
in the presence of caffeine.

4. The bottle 13 snaken in & chaking machine for at
least } hour (usuzlly 1 hour). For sbsolutely thoro extraction
of the caffelns, foxhlet extrcctlon with CHCl, is rzcommended.
[owever this will result in & 3till mor2 impure final ceffelne
residue, than when sheikxing is used.

Se. By cerefully holding the stopper pertially in place
the CHClz extract 1s poured into a 4 in. funnel having 8 swall
cotton plug in the neck (instezd of the usual £4 cm. filter
paper). Thus the extract is filtered into & 200 cc. Florznce
flask without getting prazctically any of the residue into the
funnel. The rcsidue left in the bottle is shalen out with 3






46a

TABLE NO.3S

COMPARICON OF ORDINARY COLKX. CHLOROFOFKE WITH ALCOIOL FLTFE,

REDISTILLED IN THE PRESTICE OF C2FFFINE CHLOROFORY IN

FFFICIENCY OF CAFFEINE EXTRACTION.
(Fenuler-Stuber method)

4 of ceffeine by nitrogzen determinetion

Eenple. Commercial CHCly " Tedistilled CHCl3
Keiffee Hag No. 1. 040171 € 0.0102 ¢
" " " Z. 2.0111 0.0021
" " n 4, 0.02893 0.0:46
» " " 5. 0.0:33 0.05380
n n n 6. 0.0:fl‘i‘ 000130
" " 7. c.0118 J.0111
Average- 0.0187 ¥ 0.0182 %
T:ZDLE NO. 4.
DIFFZPRENCE I8 USIHG AN ALIQUOT OR THE E ENTIRE ALOURT (LHD whCA-
ING THE FIECT CELOZOMOZN EXTR:CT.
(Fendler-3tuber rethed)
£ of caffeine by nitrogen determination
Semple Aliguot. Intire
Keffee Heg No. la.  0.0145 & 0.0122 &
" nTomom 0.0153 0.0145
n R " 1b. 0.0108 0.011¢
" " now 2.0100 0.0114
n » " 1lc. 0.01&2 0.C1l%1
n " n o4, 0.07486 0.0751
" " n B, 0.0c40 C.2..286
n " n 8. 0.0120 0.0212
" " n 7. 0.0111 0.21C8
" " v 2f. 0.0031 <2180
Averzze- n.0158 % 0.0187 4
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&anorox. 1l& cc. portions of CECl;. Tho comnerctive raosults

shown on table No. 4 prove that the same and just cs accurcte
results ere obtain=d when the entire extruct 1s used, as when
an aliquot is tzken. This simsiifies and zligshtly shortens

the method by eliminzting two welghings and the care in cooling
the extrect in ice to prevent evajorztion of the solvent, and
only requires the thoro washing of the rssidue. The use of a
cotton plug instead of a filter peper reduces the possibility
of a slight loss of c&affeine by being reteined by the filter.

6. The Cﬁcl:5 i1s distilled off on a stezm bath. The
addition of & couple smell beads fo the CHCla greotly fecili-
tetes uniform boiling and prevents bumping end subsequent loss
of material. The lucst portion of CHClz is driven off with a
current of air.

7. 80 cc. of hot water are added, digested on the
stezm bath for 10 minutes with occasioncl sheking, eand then
cooled to &s near £0°2 C. &s possible.

8. 20 cc. of 1% K¥nO4 are added and let stand for 15
minutes. Then 3 cc. of f H.0o (free of ccetanilide, and con-
taining 1 cc. of glacial acetic acid per 1092 cc. of solutioen)
are added end the flask shaken. 1 cc. portions of the HEOQ are
edded until the ggno4 has been all reduced &nd precipitatad
8s EnOg» and the entire disspypcarance of the red color to an
almost colorless solution. The flaesk i1s now put on a steem
bath, and after being thoroly heated 0.5 cc. porticns of the
Ho0gp solution are zdded until the liguid becomes no lighter in
color. Digeztion on the stecm bath 1s continued for 1% minutes.

9. &fter the contents of the flcck have cocled 1t 1is

filtered thru & Ho. 50 moistened filter paper, into 2 250 cc.

-






Fig.l. Twelve-unit shaking machine,zdapted for

£2b60-250 cc.pear-shaped cseparatory funnels.



48.

pear shaped seperatory funnel (into wkich has been added the
first £5 cc. portion of CHCl& to shike out the ajueous solu-
tion after filtration is completed). The flusk end filter are
washed st leesst three times with smzll portions of cold dis-
tilled wzter.

10. The agueous s=olution 1s shaken out with six 28 cc.
pcrtions of CECls. For this purpose & 12 unit shaking mechirne
is used, especlaliy adapted for this work end shich 1s shown in
the accompanying illustrition. Fach portion 1s shuken for zbout
two minutes. The vortions of CllCl:5 are filtared thru small
filters when running out of the secparstory funnels as a safeguard
to pravent any sediment and filmy materiel ss well as weter fron
getting into the CiClz extract. This extract is run into the
sare 200 cc.flezks which contained the aqueous solution (cleznad
end dried).

11. The CiClz 1s &galn distilled off on the steam bath,
and the lest trzce of the solvent i3 driven off with & gantle
current of air.

' 12. In samples where the welght of the residue is de-
sired for comparison, the resf{cue is trensferred into a2 small
welghing bottle with sever:l esmall portions of CHCljz, the sol-
vent is carefully evavorztad, end the reclicue dried in an oven
at 100° C. for about 20 minutes. It is then cooled in a des-
slcator and weighed. If the caffeine is to be sublimed, the
residue is transferred directly into tne lower hzlf of the sub-
lization tube, dried snd weighed (with a counterpoize).

12. The amount of caffeine in the filnsal resicdue 1s de-

terminegd 1h two ways in the anslyses mede thus far:



L. Ey the nitrogen determinetion.
(1). Using & micro Kjeldashl wmethod, and &pperctus.
(2). Using the ordinary mecro Kjecldabl cprartus,
but with micro m=2thods.
(3). The erployment of direct nesslerization.
Be. Ly =subliming the caffeine.
(1) ¥elghing thc sublizmed crysteals.

(2) Determining nitrogen on the sublired caffeine.

The discussion of these two methods will! now be

taken up in detail.



A. Y¥cthods of deterzinirg rnitrogzeon ia the coffedne reszidus,.

1. The nitrogen cdetercination by & modificotion of
Pregyle micro Kjeldcnl method.(Preogyil,Fe fucntit
¥icroanslysis, 1324, translated from the Gerzan edition 2,p.
54-1027).

Thisz meothod 1

W
0

acgenticlly a rafinenent of the
officizl EJ2ldchl-Cunning-Amold zprocodurs, ucing stoam dis-
tillation in & speclul epperestus aacpted for micro cnslysis
only. FHowcver the rmethed wes modifl=d ond & specicl &pparatus
was made which resulted 1n greater ginmpliciily czd convenience
as well zs a wider adoptebility for tzo cnolysis of the resicuz

fronm decaffeirated coffce us well us from ordinary coffea than

(o)

is possible with Pernatls and Viegnar's modification of Pregylts
apparctus. The orocedure is es follows:
(). 10 cc. of & céipestion mixture (contzining 2 ce's

of conc. [igS04s 1.0 g. of K.804end 0.07 go of Cuil, per 10
cc'z.) 1s added to the 200 cc flesk conteining the caffeine

esidue after evaporating off the CECl:. It tekes only a few
minutes to evaporate the water, &nd such & mixture 1s very con-
venient to use, znd insureg the sewe mixture in evary senmvdle
thus making possidble wmore constont blank determinations. A
low flzme 13 used in the digestion, and run a few xinutez ufter
the mixture is entirely clecr. It usually does not tcke over

15 minutes for comulete digestion.

)

o« 30-050 cc. of frashly boiled di=stilled water ere
dded to the digested mixture after it is cool. The flask is

stoppered i1f 1t 1s not to be distilled immadistely.



Fig.2. Mioro-Kjeldahl distillation apparatus.

A-500 cc.Xjeldahl flask used as & steam generator,
E-Funnel thru which water is added.
C-Funnel thru which NaOH is added.
D-Safety trap mede from a 25 by 200 mm. pyrex test tube.
E-made from & 25 by 200 mm. pyrex test tube.
-Small condenser made of pyrex tubing.
G-Rubber stopper for joint.
H-200 cc. flask containing digested sample.
1-150 cc.receiving flaek containing N/100 acid.



S Tne flash 1z now pluccd into powition on the steam

distillation snpearatus made essocially for tnis work, the de-

o

sign of which can b=st bs ztuiiod by obuerving tae zccompanying
iilustration. Th2 main body of-this a@parctus is m-de from a
£5 mu. by 230 mm. prrex tost tubse, which 13 dravn out s1izhtly

on the open end so that & rubber storper can be fitted and still

connacted with the ujorzr portion of the condencger tubing 1s
also mada from thes sime =iz syrax taat tubz. The condenser

tucing, &3 well 2s tho tubking ranning
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flask 1s made of 8 =wa. »yrex tubinz., In fact, tias entire ap-
seratus 1z made of pyrax glassz.

10 cc. of R/12D .80, ere maasured fromw 10 cc.
micro burettes into & 120 cc. wiie mouth flacsk, 18 drops of
methyl red indicator &«dded, and placad under tha receiving end
of the small condencer.s A lzrge cork 1s put onto the tube of
the condenser so that it just reasts on the top of the receiving
flask when in positicn.

4, Heat is snslied to the steam generator, and then
soout 13 cc. of 42 % 50 ere ccded to the dipgested mixture
thru the funnel connecta2d with the tube zbout helf way between

the steam generator and where it enters the tect tuba.

-

5. eat 1s applied to thz steam zeresretor end the di-
g2stion fleck in such a menner that about 100 cc. of 1liguid
d1sti1l over in 12 minutes, uand yct the voluze of liguid in the

digestion fluck remsins practicslly th

@
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The recelving flscx 1s now lowered so that the end of
the condenser 1s about 2 cm. above the 1liiuid. The =nd of the
condenser is washed down with a small streum of water. Dis-
tillation 1s continued at an incresscd rate for about £ minutes.
The funnel (thru which the alkzli is added) 1s reisad before
the he:t is rewoved, to prevent suction.

6. The contonts of the receiving flesk are titr:ted
with N/100 NeOH from 10 cc. micro bLuretes. The end point is
tieken wnen the methyl red becomes a permsenent conary yellow
color.

Nerrly every day, or cvery time & group of sanples
are run & blank determination is mi:de by using the same diges-
tion mixture, etc. as with sazmples znd & =small bit of filter
paper to digect. Thils serves &s s safe check on the gpparatus
end the standard solutions. Th2 blenks usually run from 0.2)
to 0.45 ce of N/120 Hof0,e But they will not vary more than
0.0% cce. for one particulcr time. Tazs Ko. of ce's N/120 Ka0H
used subtrected from the 10 cc's of N/100 5504 (minus the
blenk) gives the Ho. of cc's which neutralized the NEz driven
over. £&nd 1Q0 cc. of X/100 HoCC4 equels 0.0004885 gzs. of
caffeine. This multiplied by 10 (when the entire sample is
used) gives the percentege of caffeine in the 10 gm. sazmple.

The H/1C0 EH. S04 and Me0H are standirdized against
B/100 ECl. which i3 made from conctent boiling point HCl.
They ere checked against freshly prepsred N/103 ECL from tirme
to time to insure then being correct. This is very important
when analyzing semples contazining &n averaze of less than one

milligrem of nitrogen.



2+ Ordinary Yacro Xjeldchl procedure.
In meny leboratories & micro nitroegen deterxzination
appar:tus similar to that just deszcribed will not be available.
Howaver culte esccurate &nd relisble results can be obtained

vith the ordinary Kascro KJeldahl apparstus using Z23 or 5CO cc.

Kjeldehl flaciks,.



4.

T/OLT NO.S.

COXPAPLTIVS ACCUZACY OF THE ORDLINLTY ¥ACRO HJELDAEL NITHOD OF NITROGEN
D”TEF?I”A”IO” IN SANMPLE  CORTZINING OUL VILLIGH.L: C LI5S OF KITROGL™.

(Usingz e digestion rixture containing £ cc. of c0ﬂc. rLOé ‘Uonnu04;
and O. ele pm, CucOﬁ na adding d““TOAo 12 cc.conce NaOH Defore ¢is-
J

tilling. 500 cc. eldahl flasicz ere used).

l. Blank determinations showlng the necessity of thoroly steaming out
the outfit just before using. (cc. of N/120 H.S04used).

-----o—-—----ﬁ--——“---——----——-——'—-—-——--—-..-——————————..--.-----..—-—--

Lot stesmed Steamcd 15 min. Steocred 20 mine (teemed 1 hire tfter run-
at ell. just before o hrs bafore Just before {vz out-
using.fused the usinge. using. fit inter-
dey bciore) rittently
........................................................... for_e.dsxe.
.70 cc. 0.77 cc. 1.2% cCe 0.58 cee 0.43 cce.
1'71 0050 0.65 o:"g \Jovo
0073 O. E’ 0088 0'86 00“8
2.98 o5 l.c1 0.74 J.58
£.20 0.2 0.75 0.84 0.51
1.03 0.66 Q.62 0.48
1.95 0.55 0.68 «Z5
0,60 0.71 0.78
0.50 0.65
Ave. 1.67 cc. 0.52 cc. 2.84 cc. 0.70 cce. J0.43 cc.
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2. Caffeire in samples of Keffee Heg snd in pure ceffeine determined
by btoth the macro end the micro mcthods of nitrogsn deter. &nd
multiplying by the factor &.404.

. , v N Vs By the micro-
lample. By the meacro-Xjeldahl m=thod. ¥1oldenl method
Ctoumed thoroly. Stermed 82 min. :teamzd 1 (Prosylle podi-
Just before hr.. hrz. ficatlon)
uzinge. bofore
.................................. uslonz, .
2.02 mg,caff. 2.0% mg. 1.86 mge. 1.31 mg. D.0° mg Blank
n n n 2005 1087 2 e03 S0 cdiator.
LI n 2.11 1484 £.08 201 on micro
non " 1.¢3 2.01 1.32 Ze0®  _alDe-wo
108:'? Oo:-:/ cC
kvee. £2.04 1.68 Fa02 .08 0.18
J.°0
Kaffee Hzag 0.19
Xo. 16 0.01:6 & 12, 0.0147 0Q.71
17 0.21c4 17 0.0148 0O.l2
18 0.0113 18 0.012%
£ 0.0273 0 0.L.0088
-3 0.0z80
24 0.0185 £4 0.0152
2 0.0148
©5 0.01:6 75 0.0164
25 0.01.6
Aversge - 0.0167 % ivercgze - 0.0188 %
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Tha comparetive accuraey of the ordinary Kjsldeanl

rocedure, when the szme direstion nmixture, N/190 stindard solu-

Qo

tionz cete. &re used &s with tha micro procedure, can be ob-
served in the results obtalped which ere given in tible No. 5.

It 1s of course taken for grznted tnct 2 nitrogen
deter. anperztuz will be stezmed & cshort time.

These result:s show the &bsolute necessity of thoroly
steexing the gpparatus for &t least one hour, or untll fairly
constant blsck determinsations are obteined which do mot very
by more then 0.:0 of & cc. of N/100 acid. And this must be
dorne immedicztely before using. If thece praceutionz are not
followed the variation in btlank determinations wil. oftimes be
greater than the acld neutrzlized by the azmoniz given off by
the sazmple.

3e Direct NKesclerizetion.

Tsble Ho. 8 shows the rasults obtazined by using di-
rect nesslerization (Koch &nd ¥cicehin method. JeAm.Chem.Soc.
46,2066,1374), in the determination of nitrogen in the caffeine
residucs. Vhile this method would no doubt be apnliceble &s
a rzpid method for control work, for extrzme accuracey and de-

pendability it does not compzre with the micro-Kjeldchl metiiod.



T:&b E 1:0. 6.

COXPARATIVE RISULTC OF NITIOGEN DETEIWISATIONS ¥iDE BY

DIRZCT NEUCLERIZATION AED BY KICRO KJ:LD:iiL NITHODE.

Percent:ge of caffeine Percentage of czifzine
by direct nezsl:erization by micro-Xlcldshl.

D T AP Y S T . D =D D WP G W . T = D - CD - - ———— - - T - - -—— . .

XKaffee Hoeo lo. 1 0.0175 % 0.
n noon o 0.2095 d.
noonog, c.0183 0.
m no5, 0.0247 0.
L 0.0148 o.
LI 0.0025 0.
0

tverage- 0.01t8 €







Fig.%. Sublimation apparatus for the guantitative
determination of caffeine.

A-Peraffin bath.

B-20 by 200 mm.test tube.

C-6 mm.pyrex tube with a 1 mm. opening in the end.
D-Upper half masde from & 25 by 200 mm.pyrex test tube.
E-Tight fitting ground glass joint.

F-Lower half made from a 25 by 200 mm. pyrex test tube.
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B. Sublirmetion of ceffeoine.

Lfter mcking severel types of tubes for the quantz-

°

tive sibtliration of cuifelne in the endeavor to get us near

100% recovery as posusible end &t the sawe time prevont the

"

contamination of the sublimed cryztels by lumpurities sub-
liming &along with them, the awnparctus chovn in the esccompany-
ing 11lustration wuas found to be the most satisfzctorye.

Tre subliration tube is wm:de from 2 £85 by 202 mm.
pyrex test tube, which is drawn out sligntly in the middle,
cut in two. The broken end of the upper portion is enlerged
‘eand fitted over the constricted end of the lower portion. The
gless Jeoint thus wmede is ground in until « tizht fit is
essured. Howaver it 1s nmade teépering enourh so thit the unper
portion may be 1lifted off without the lower part coming with 1t.
The outside dismeter of the joint is not any larzer thun the
rest of the tube, end is ebout 20 mr. in length. The lower
tube is 100 mme. in lcngthe. The upodsr tube 1s elso 100 mm. in
length, but it also has a 6 by 80 mm. tube ssaled onto the
upper end azfter drawing the top of the test out guite sharply
to a small diamrster. The top of the sm&ll tube i1z hected until
but & very smell opening remcins. Thi:zs was found mor=z satis-
factory then putting & plug of cotton in the end. Eoth tutes
are thoroly dried before beins used.

The caffecinz residuc i35 wached into the lower tube

w

with 3 to 4 about & cc. portions of CilCly. Th2 solvent is
carefully avaoorcted off on thes stoam bath.
Vhen there is but 1 or 2 ccts of CHCly l:ft, the

tube 12 rotated in an elmost horizontal position so that the
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recidue will be deposited 1n & very thin leyer &round the in-
side of tnhe tube. Thils was found to =somaewhat hasten the com-
plete cublizatlon of the elhelold. The list trices of CHClgz
are rexoved by & gentle currect of eir.

Lo Tié two tubes &re ncow put topetiher arnd plzced into
a =0 Ly 220 zm. test tube. & razthier loose fitting cork is put

into the end of the cutsidie tube, the small end of the upper

mihe wbove the corke

C)

sublization tute extendlcs sbout I

4. The asssrbled gpperetu

w

1s placed Into e paraffin
bath so that the Joint Petwncen the two tubes 1:s &t lsast 20 mm.
below the surface of the paraeffin. The btath 1s kept 2t a tem-
porature of 189 to 128° C. for ebout 10 hcurs. Thls temper-
atur: was found to be the highest wihilch could b2 safely main-
tcined end prevent other moteriels fream subliming with the
caff=1ne to any extente.

Prectically &ll refereunces Cfound regording the sub-
liration of caffeine for guantitstive znelysiz (J.Buricnn.
trne Fels., 4,23-101 & ¥®. Plillippe, Ultt. Lebename [Iyge6,
177-91,:05-47,1315. & J.Burmann,bBull. “oc. Chez.,7,533), spoci-
fy & temperature of £30 to 240° Ce It was found if the temp.
wes ellowed to remwain cbove 130% C. for any length of time the
crystals of caffsine becamz conterinated with other asterisls
which sublimed above tihls temp. 2Arnd thare appesred szall
drovlets of trovnish wmeterial Just sbove the caffeine crystsals.
Evan at a tamp. of 12:° zama scanles showed & discolorstion
of tha crystsls, but 1o & much less degre=z, and thnere was an
entire abeencn of thz droplets of brownizh substance. The com-
paractive difference in wt. of tho sublimsd cuffeine 2t these

different tempcratures can be studied on toble Foe 7 « Tho it



was not tried out, perhaps & still more pure product could

be secured if the tempercture was hald at 17:° for at lecst

20 hours. To prove that £ll of the cuffelne niad sublim=d &after
the 10 hours at sbout 1&5° C., the ccffeine was washed out of
the upper portion of the spparctus, rzassexbled end the temper-
ature meintained et £35 to £40° for sbout £ hours. Ko crys-
tzle whetsoever were observed in the upner tube.

5. After sublimation is complets the upper tuve is
irmediately removed, cooled in & dessicator and weighed with &
counterpoise. The ceffeine is thoroly washed out of the tube
into the 200 cc. flask,if the nitrogen detercineation is to be
made. The empty tube dried in an oven at 102° for 15 to %0
minutes, cooled end rewsighed. 1In the majority of the szanples
the difference in wt., 15 & little over 1 mg. lHence the weigh-
ing rust be done very saccurately.

8. It 1s reelized thet gravimetric methods &re as &
rule hot &3 eccurate for micre work &s voluretric and color-
metric methods. However much ceén be learned by the subliza-
tion method, especislly if & nitrogen determinetion is made on
the sublimed caffeine, which gives results thst sre more near-
ly correct of any method or combinetion cf methods yet tried
out for the ceffeine analyzis of decaffeinated coffee. By run-
ning the nitrogen determination on the residue left in the
lower tube after sublimation,the amount of nitrogen from non-
ceffeine substences can be estimzted, and gives us the error
involved when the results ere bised upon the nitrogen deter-
mination of the final catffeine ressiduc.

7. In the endesavor to have the czffeine sullime 1n

es pure stute as possible, cr in other word:s to have the welght



€0

of the sublimed csaffeine check with the nitrogen desterzication,
rnagnesium oxide, codium carbonate end cuzrtz s:nd were each se-
parat2ly mixed with the re:idue in the sublining tube with the

idea of holding the impurities from suzbliming with the caffeins.

ml
f e

©

results whicn a&poeur on tszble Ho. 7 indicites thet every
one do=s more herm than good, &s it prevents 2 small amount of
the czffzine from sublirninz end doas not increass the purity of

th

()

sublimed crystals. NzqCOyz offered the most possibility by
slightly increasing the rate of sutlimetion st & minimum termp.
with no appreciable loss of ceffeine. FHowever the finel product

vzs no better than when it wzs sublinm=d slone.
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THE EFFECT OF ADDIRG CLALL ANOURTCZ OF MIGHTLIUL OXIDY, JODIUX CrRUCHATEI
OR IGRITED QUARTZ CikD T0 TAE CAFFIIND RUCIDUD BEZFCRE CUDLINING FOR THE
PURPOCE OF PRIUVENTING IUPURITIVTI FRON CUBLIKING WITH THT CAFFLIRE CUYUTALS

~ublimea in the prescnce of

fanple. Not sublimed, cublimed slone. /&rnd
(by K.dotzr.) 2,2 o, Vo0, 200 _geguartz

Ey vwte 0 iy Hedztore By wte oOF B, ~e LYy vt o“ DY iie
crystelre of _crystols etor. cryctolse doter.

- . - - e e - o - RSN Spaqi- e p-Sy - am o Y e e - s = o - - - -...-‘..-—- — e oy - - - — -~ - -

Keffee ('Temp. 2£0-040

% 0.017% 0.0790%  0.0104% 0.0640%  0.003:%
14.  0.020 0.0840  0,0177 0.0110  0.0107
15, 0.0145 0.01E5 0.0120  0.0078
16, 0.0187 0.0120  0.00%0
16,  0.0145 0.0340  0.0022

tverege 0.0167% 0.05765  0.0115% 0.0:65%  0.0081%

Pure caf-

fofne. 0.0070 go 5.007197. 0.29183 g. 0.0 10z, 0.021895.0.002025.0.0717¢
" n 0.05%50  0.3019% 0.00120  0.00163 0.00270 0.001t7
" 0.0030 0.00510  0.0074% 0.30840 0.05tE4
" 0.0010 0.00103  0.2210% 0.00150  0.00075

(Temp. 180-130° C. for 10 hrs.)
cutlimad in the
przsence of 0.9 g.
t 1.0 g.l2:C0z

EYy wta By N
d=tor.

ure ¢.f=-
fcine. 0.0010 g. .021% g. O-udb33 g
" n 3.0213 C.07153

" OIOOSO 0.00:21 D.07134 0. 0313 ﬂtOo{ﬁlﬁ& £
n " 0.0000 0.00198 0.025%  0.00187
" n 0.00:¢ 0.00124 0.05:7  0.0281°
" " 00005 0.00:50
" n 0.300c ~0.09138 ,
fenkaled,0.0401 0.0:9 % 0.0405 0.045 & 0.0:37 &
Kd&fﬂe
1oz o
il 0.0114 € 0.,011 & 0.0065 & 0.0°1 & 0.0381 &
58 0.0142 0.014 0.010¢ 0.018 0.0087
&4 0.0150 0.050 0.00.3 0.015 0.00&8
9 0.0128 0.01% 0.6223 0.018 0.0035
g 0.0179 0.015 0.0082 0.007 0.2067
o

0.0186 & 0.07°05 € 0.0171 &
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rreceution: observed to securs the prechost sccurscys

1.

2

L1l &spparetus usad is mede of pyrex glesc, end also ell
gless ware as fer es pvocsible.

AlL di=ztillad water used 1sioiled cbout 18 wminutcs immadizte~

ly tefers using, and it 1s tested often to insur: itz be=ing

neutrale.
4. Comma CHCly i1s redistilled in the przszence of a szall amount

4.

9.

1C.

of caffeine, to remove eny possible caffeine desztroying
pewer it moy have.

-

fleavy Ez0,0elePe 15 uscd et =211 times in the Power-Che=snut

e 2,04 used 1In the Fandler-Ctuber method 13 &cetanllids frec.

The sazples are groung &s finsely ss posciblee At least Qs
will go thru 3 0.5 mm. sleve.

The esamples &re meistened thoroly befors extrzction iIn either
mathod,

¥/100 0,80, end WalH are standardized agsinst x/129 Aac1,
which 1s mzde from constznt bolllng point ACl. Thase solutions
ere checked very often egsinst freshly prepared E/129 to in-
sure them being correct. 4And glso nitrogen determinations
araz mede often on usually £ mg. sexples of caffeline of

known purity as another chcck on the preocecdure.

10 cc. micro burets cre used for macsuring out thes zcld znd
in titrsting with the elkali.

Blzrk determinations are zlwsys moade when ¢ number of

sairples are run, &nd the distilletion apperutus is always
cstozmed at lesst 15 minutes before & sexple 15 distilled.






EXPFRIKENTAL

IT. AVALYTICAL RLCULTO

The tebulated data, followad in soxmz cases by brief
conclusions drawn from the results obtuined, 1s given in the
following order:

A. Torle No. 8. Percentcoea of ccffzive in simnles

0
Thiz includzs the enalysis of JL zemples of Keffze Hag, as
well as 5 gamples of {anka Coffez. It ulzo gilve the averope %
of caffeine removed.

B. Tnable No. 3. LCotermination of tn2 ncrecentage of caffeine re-

rnleg of Eaff-e Ha

fﬁ

moved in =

t
Arulyeis 15 made of 7 samples of coffee In & stages: The
green end unacceffeinsted coffee, rozsted but not decuffeinated,
and th2 roasted &nd decaffeinated coffoc. Lolsture determina-

S

tions are mede ima tihe rezults crc besz=d udcn the molisture

free besis.

C. Tsble No. 1D. Comnnrctive rscults of caffeine anslysis of de-
ceffeirneted coffce by welght of the ceffeine

residue, snd by nitrogen determinatione. Anzl-

yzed by the Fondlsr-"tubsr end the Powaer-

N

1)

Chesrnut mcsthods.

This table gives the anelysic of £1 samplese. ind thie zverage
r=sults obtainsd zre very conclusive in chowing the irportance
of thz nitrogen detecrmination.

D. Tioble No. 1ll.

& d by subliwxation snd by the pitrogen







dotorminztion of the ceffzins rezidue.

The results contained in thi: totle and in tobls No. 17
are considered by the writer to b2 tha most izmportzrt of any
given in this thecls. For while 1t wee ecsy to show the noces-
sity of the nitrogoen datermination, it was not so ezcy to show
now much of the nltrogen thﬁs dstersined came from caffcine.
These results ars very consistent and give the % of nitrogen
wirich reclly comes from the caffelne alone, énd not from the
impurities.

F. Teble No. 12. Dictribution of nitrorscon, ccleulsted s per-

céntege of Ceffesire, in the sublimad erystals

and In the romeining residua,

Fo. Teble Koo 1. S2ipaIik

tionz, ccleulatad &3 nercantzzyze of caffeine, in

he reeidue from the first CACl: extract, &nd

the residue from the final CHCl: extract with

end_without the ovidstion step of wdding 1 &

ha esuenys solutione.

Tz tzble clearly chows the arzount of nitrogenous 3ub-
stances other then caffeine whicn is extrscted in tne Fendlcer-
ctuber mothod.

G. Table No. 14. Fffect of furtnsr purification of ths finsl

both, filtering and shaxine the asueous solu-

tion with CACl.: (Fondler-Stubor method).

He Tcble Hoe 15. Cormpzrstive results in egddiar 10 g. of ¥o0 to

he agyueous sclution, digesting on the steam

t
bath, filtering cnd cooling bofore oxidizing







with F¥n0g (Fondler-Stuber method).

I. Tuble No. 16 Compsrative results obtsined in shaking out

the final chloroform extract with 1 £ K04, as

in_the Powar-Chesnut mothod. (F.& E.mekhod)

Tebles Roo 14,10 ond 16 glve sorme interesting results,
Sut they &re of questionable veclue except perheps the mcethod
employed in teble lioe. 1l6.

Je Table No. 17. Loss of ceffzsine in the snalyeis, determined

by adding 2 z. of pure caffeine to the residue

left ofter the firct extraction end repezting

the enalysis. (Roth methods).

¥. Tcble PNo. 18.

Ccicl. in the Pover-Chesnut method.

<

Tiils 1s a very good table showlnz the comparison be-
twsen the two methods, and especicslly the two mathods of
extrzction.

Le Table No. 13. The comnarative effectiveness of carbon tetra-

chloride as a solvent for caffeine extraction

in Kuaffee Hrg (Feondler-Stubar method)e.

Tals alzo gives the rctio of diztribution of caffeine
in water end CClye.

¥. Table No. Z0. Compzrative results obtained by using Soxhlet

chloroform extraction instezd of shaking, in

the Fendler-Stuber method.
!







PERCIENTAGE OF CAFFEIKE IN SAUPLEI OF KAFFEE H/iD.

(Average of the Fendler-&tuber snd the Power-Chaznut rethods, «nd
based upon the nitrogsn detercination of the caffeine residue.)

Yeecr 1900 ¢ of
Sample No. Zonth Purchased. Purchased at caffeine __
l. Jenuary tdems Qroceory E. Lansing,xich. 0.0108 ¥
2 February n n " 0.0105
4. " ¥Kellogs Corpeny Battls Craecx ® 0.0245
De " n n n N " 0.0%28
8, v " " n n L 0.01938
7e " n n " i " 0.0034
&. Aoril Adzms Grocery ¥o Lanzing, " 0.0175
e n " A. & D, » n " n 0.0141
10, n " " DctrOit, n 0.0133
11. " n n Clinton n 0.0147
12. " Arbaughs Dorote.iT.Lansing, " 0,020
1. Yoy Pite Vay 8tore Jeciizon " 0.0138
14. n Ao &: ?-GI‘OCEI‘}’ . Eo L&I‘..’Sin{;, n 0.01‘34
15, June Dclicatozsen
’ Crocery Langing, " 0.0145
16. n Goossens CGroce " " 0.0147
17. n ¥roeer " " n 0.0148
18. " C.Thores {torcs E. Lensing " 0.01%5
1C. i FeaRe(uipley Croc. Clinton " 0.014¢&
20, (1927) n ¥roger Stora Flwlorville, ® 0.0248
21. " Fite teoy ystem Detroit, " 0.01¢5
22 July ¥azrner Stores Larsing, " 0.0103
zé. " Fox Eros.Groce. Ee Linsing, " 0.0282
£4. " Eroger Ctore Charlotte, " 0.0155
25. n Pite Vey Cyctem Dsllvue " 0.0170
265, n 2ldrich GCrocery Tecums=ch " 0.0161
27. r Krogar $tore “flovell i 0.0117
28. n A, & P. Ctore Brishton n 0.0110
£9. n " Nason " 0.0149
&0, fuzust C.LFOFQQ ftorazs Forth Luipscing ° 0.C160
<le " F.i« Rouze tornz " " n 0.0150
22, " Bopots Herket Lansing, R 0.01z1
SEe " Plegly Vigrly Ste M n 0.0143
che " fcomomy fLtore Carratt, I- fliunu 0.0164
EHae " Lok Peo Ltore I‘J)O'Olu 0.0124
6 " Azericen otores Coldwater, Licn. 0.013%2
Avervoe- 0.0180 ¢

Percentzge of caffelne removed, bzsed upon the undacaf-
felnated coffee containing sn avercgﬂ of 1.20% ciffeine - 98.50 %
This 41s well above the company'!s guzrantee of 974§ removed.

canka Coffee

¥o.1l. April,1979 funter's Grocery Lanzing, Miche 0.0220 &
e June " Fox Eros. n E.Lensing,iche 0.0533
Se August L LJ n L 4] n o \i 0.044_0
Avercge- D.0254 ¢

Percentage of caffeins removed, baied upon tire unde-
arffeinted ocoffoe containing sn sverace of 1,506 coffoin=-07.05 4







T[DLE 1\;'31 9-
DETEFMINATION OF TR PYECENT/GEY OF CAREEINZ RIXQVED
IR SAHPLTS OF KAFFLCE HAG. ARALYZZD BY TiE FUNDLER-STUBER METLOD.

Semple % of lite of mols- % cf ceffeine ¥ of caf- & of calfeine
floe Ilolszture ture free caed upon f2ine bazed removsd.Cased
s:nrnle. the 10 rFmowt. upon the upon zolsrturs

moisture free vts.

frze wt.

Roastzd From From
& green roastaed
Deceffeinated coffeo coffoa,
6l. 4.77 3.522 gm. 0.012% 0.2128 g8.84 88.80
62 £3 8.541 0.0160 0.0187 38.27 38.50
€Z. 4. 09 9.531 0.0::09 0.0217 58.04 38.10
€4. 4.2 3.b78 0.0184 0.0192 38.00 28.21
65. 4,22 3.568 0.01:4 0.01:33 38.88 58.88
66. 4,20 3.580 0.01& 0.01:z2 08.85 28.84
1461 Z.86 9.€14 0.0148 0.015% 28,26
Averege-4.29 & 29.570 % 0.0153 0.ClE0 & 9€.46 & 98.57 &
Green & not
Decaifelinated.
8l. 8.38 3.1€2 1.008 1.036
62. 8.68 3122 0.9338 1.021
€3. 8.41 2.152 1.014 1.107
64. 8.14 2.186 0.883 C.361
€5. 7.87 9219 1.08¢ l.152
6G. 7.75 9.525 1.0:6 l.123
1461. 8.62 3.137 0.803 0.878
Aversge-8.58 % 3.172 € 0.962 % 1.048 &
Pozsted
& not
Decaf feinated.
€l. 4,10 9.530 1.020 1.065
62 374 3.€20 1.0€6 1.110
€3 4.%20 9.580 1.035 1.143
€4 4.07 D.533 1.021 1.12
€5 4.07 3.5338 1.108 1.150
GE. 3.86 2.614 1.086 l1.12
Avgrigg~ 4.00 % 9.522 € 1.077 & 1.122 %

Decaffeinated
146le 7.09 Z.291 0.0212 D.022 97.41 &
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TtBLE NOe. 10

COMPARATIVE [RJULTE OF CAFFLIXE ANALYUIC OF DECAFFTINLTED
COFFEE BY WHIGIT OF TidZ CAFFCINE RtlIDUZ, AND BY NITFOGEN
DETWREINATION, ADALYZED BY THE FENDLEIR & CTUBDR AND THE
POWED & CHAFESUUT KETICDS.

Carmple Noe Percentage of caffeine.
Fendler & ltuber rethod. Power % Chasnut rmethod.
By wt. of By nitrogen By wt. of Fy nitrogen
Fegldue. detcrmination. residue, determinetion.
- Kaffee
ilag NO. ) i
17. 0.034 % 0.0148 % 0.082 & 0.0143 &
18. 0.0c0 0.0125 0.058 J.01834
19. 0.0682 0.0148 0.085 0.0804
1. 0.024 0.01&5 0.052 0.07203
£2. 0.024 0.0108 0.058 0.0176
2Se 0.052 0.02593 0.075 0.0218
1.4. 00064 000153 00057 000157
£5. 0.058 0.0164 : 0.080 0.0177
c6e 0.048 0.0146 0.08& 0.0176
&7 0.040 0.0106 0.055 0.0123
28. 0.0492 0.0058 0.048 0.0123
£33 0.042 0.0123 0.054 0.0163
&0 0.0486 0.0157 0.048 0.0163
Zle 0.048 0.0141 0.045 0.01%58
S8, 0.058 0.0114 0.039 0.01z8
Sée 0.045 0.0143 0.048 0.0144
4. 0.054 0.0150 0.058 0.0173
35 0.044 0.0123 0.059 ' 0.0145
Sanke
Coffee No.
2. 0.075 0.0424 0.080 0.0383
Se 0.084 0.0451 C.077 0.0450
Ave.-0.0735 ¢ 0.044< ¢ 0.0€85% 6;o~31 b4
Total &Ve.-0.0487 OGOI"O % 000564 % 0.0183 i
Percentege of caffeine
in the final residue. 4.2 % 2385 4

Conclusions- These results prove conclusively thet to base the
% of caffeine upon the wt. of the residue of caffeine would be
entirely erroneous, and would give results sbout three times too
high, no matter which method 1s used.



>

TABLZ RO. 1ll.
COMPARATIVE FFSULTE OF CAFFZINE AHILYTIS QETAIR:D EY SUCLIHATION,
WD THE XNITERC GM‘ CETHIGIINATICH OF THE CAFFIINE KAZIDUZ.

Sample.

- we D I D WD WD D CO EP W WD W P T TR AP T W TP @Y o o> G P PP D D Y D W AP P P T D WD T DO WP D . S Y -

D GD “P P TP TGP D S P TS W Y W Co S Sy > = S wes G A AP W . Y O W WP D - D SN SO

Ey sublimaticne By nitroren By sublimation FEy nisro-
——————————————— dobire —mmeeeeceee~e=ae  gon deter.
Dy weights By N.dcter. oy uﬂiant.uy K.
ater
Faffee
lisg Yo,
17. 0.014 0.010C 0.01aE 0.01¢ 0.0170 0.01¢8
18, 0.012 « 3027 0.0157 0.010 2.0072 0.0129
13. 0.014 D.0122 0.21E2 C.01% 0.0037 0.01E5-
21e 0.012 0,011 0.01¢% De08P 0.0114 0.DI02
£Z. 0.010 0.0C82 0.0111 0.012 0.0063 0.01C4
ECe 0.039 Q.0558 0.0573 0.004 0.Clf2 0.0570
Ele 0.C18 0.0113 2.0187 0,050 £.0028 0.0162
ul. 0,007 0.0174 0.0141 0.015 0.0088 0.01i8
EZe 0.011 0.0088 0.3114 0,001 0.0262 0.0178
C3e 0.014 C.010% 0.0148 2.015 0.0074 0.0144
4. 0,020 0.0lfl 0.316< C.018 0.0125 ©0.0173
S5 0.01C 0.C038 0.01:8 J.020 0.0104 0.C145
&8 o 0.01% O o2& 3.0123 0.C14 5.0025 0.Cl:é6
Canka
Coffce lo.
Ze 0.024 0.0&63 V.0454 C.0u 0.C0538 0.0u68
Se 0.023 0.3435¢ 0.C4€l 0.042 0.0210 040470
tvaraze- 0,0174% 0.0180 § 0.0186 £ 0.07028 £ 0.01279 0.013:&%

Chese & By wt. Ty sublirmation,
Yantiurn Vte Of Crystels oy Gedeter. .n-t:..of Totol
Colfze of crrztals rnwlhuﬂ {cale¥d)N.doter,.
s & cuifﬁire) (caletd
es %
.......................................... -—cxffeicz)
fublim -d
By wte. Ey HeD-tore
0.00mO gmse Pure calfeine-0.02410 gms 0.00134 gms
" " n 00002 R 0.,0012¢ »
" n n v D.00:% v 5,00124 0
n n " o 0.008L r 0.CCROC ¢
" » n n 0.00C3 r 00,0218 "
0.,0010 *» " n 0.001¢ n Jova "
n L] b " 0.C0010 » O.‘“l "
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TABLE KO. 12

DIETRIBUTION CF NITROGEN, CALCULATED AZ PEERCERT CE OF

CAFFEINE, IN TID CUCLINMED CRYSTALS ARD IN TEZD RIUAISING

RESIDUE.

Sample. Percentuge of caffelne.

Fendler - Stuber method. Powsr - Chesnut method.
In the crvstals In the In tha In the

-------- rcsidue. cry:ztols. residue
effee

flcg no. .
17 0.0102 & 0.0020 % 0.0100 % 0.00€3 %
18. 0.0097 0.0020 0.0072 0.00485
13. 0.0133 0.0220 0.0097 0.0088
2l. 0.0121 0.00% 0.0114 0.003%5
22, 0.0080 - 0.0031 0.0083 0.0044
22 0.0£53 0.0020 0.02z2 0.00485
24, 0.011& 0.0044 0.00336 0.0067
Zl. 0.0104 0.0027 0.0086 0.007%
Z2. 0.0065 0.0051 0.0052 0.00786
2. 0.0102 0.0041 0.0074 0.0070
24. 0.0121 0.004% 0.0125 0.0054
35. 0.0096 0.0022 0.0104 0.0041
26 0.0032 0.0058 0.0085 0.0041

canka

Coffee No.

Le 0.0:63 0.0055 0.0£98 0.0065
Se 0.0403 0.0058 0.0319 0.0110

Averzge- 0.0150 & 0.00:6 % 0.01°7 £ 0.00€66 €

Average total

% of caffeine- 0.0186 % 0.0133 ¢

% of non caffeine nitrogenous
material in the unsublimed
caffeine recidue- 19.3 € 4.2 &

€ of nitrogen from
caffeine only - 80.7 % 5.8 %







Tl

Conclusions from tables 11 & 12, -

In the Fendler-Stuber method the § caffeine by wt.
of the sublimed crystals 13 about 0.0011% less than the %
Caffelne by nitrogen determination of the residue before sub-
limation. ‘Vthercas in the Power-Checnut method 1t i1s 0.0017%
mores It was found to be & i1ittle more difficult to obtain
the pure colorless sgublixed crystels from the residuve cbtained
by the Power-Chesnut method than 1t was by the Fendler- Stuber
nmethod.

It 1s a striking fuct that the Z by wt. of the subd-
lired caffeine correcponds very closely with the nitrogen de-
termination of the unszublimred residue. Therse ar: coansistently
lower results obtalned when the results are based upon the
nitrogen determination of the sublimed czffeine than when they
are based upon the wt. of the subliked cuffeine. 'Thls is
also true when pure caffsine is sublimed. There 1s a greater
poseibility for error in welghing then in running the nitrogen
determihation.

It will elso be observed that while the Power-
Chesput method usuelly gives higher results thzn the Fendler-
Stuber metnod when they ere besed upon tihe nitrogen determina-
tion of the caffeine residue, 1t gives lowsr results when
based upon the nitrogen determination of the sublirzd caffeline
(Lverage 0.C021% less). £nd the nitrogen czlculated &s § of
caffeine left in the residue arfter sublimstion is 0.003 $ high-
er in the Pover-Cheznut method thsn 1n the Fendler-Stuber

method.






Therefore these figures indicate that the Power-
Chesnut mathod extracts ceffeirs slightly less efficlently
than does the Fendler-Stuber nethod, but extracts more non
ceffeine nitrogencus materisls, making it meore difficult to
get the pure caffeine crystals by sublimation.

The biggest fact thst these teblies bring out is that
12.2¢% of the nitrogen determined and caleuletad as caffeine in
the fiﬁal ceffeine recidues in the Fesaler-Ctuber mettbd, and
24.2% in the Power-Chesnut methed, is not from caffeine at all,
but from otmner nitrogenous raterlals.

0f course, the question may be assed if 1t is not pos-~
gsible for a small amount of ceffeine tc be held by the residue
even &fter sublimking a long time. This is nossible, but not
very probzvle for the following reesons:

l. Later tables show thét non caffeine mitrogsnous
materials are extracted in the first CHCl; extraction, but &re
more or less eliminated 1n the various stens of purification.
And 1t 1s reasonable to conclude that the impurities that es-
caped the purification process would also contain mitrogen.

Ze e sublimation of pure caffeine results in nearly
a8 100 % recovery, &nd at a much shorter period of time than
the samples are run.

3« Continued hecting at a much highsr tempersture

(225-245°C.) does not czuse even a tracs of caffeine to sublime.
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TABLE ¥0. 1Z.

COXPARATIVE RECULTC OF TEE RITROGZN DITIRNMINATIONS, CALCULATED
AS PURCENTAGE OF CAFFEINZ, IN THI RESIDUP FROM THE FIRST CAC
EXTRACT ARD THE REZIDUL FROE TRE FIRAL Cill, EXTIACT, wITH

z
v

1§

4

[V
AND RITHOUT THY OYIDATION ETEP OF ADDING 1 % K§n04 TO THE
AGUEOUS SOLUTION. (Fendler-Stuber method).

Sample. Percentage of ceffelne by nitrogen determination.

e e . D I A D = - G WP G W W D P - P — - Y R D WD P - —— - ——— - D Sup - o

First residuse. Finel residue Fingl residue
not oxidized. oxidized.

- . - o - -y = - - — > e S > - G - L e > —— > - -

Eaffee Hag :
Fo. 8e 0.0853 & 0.0431 & 0.016Z &

2. 0.0807 0.0405 0.0121
10. 0.0724 0.0530 0.0125
11. 0.0804 0.088 0.0129
Senka Coffee
Noe l.. C.0763 0.0403 0.0205
Postum Cerecl
No. 1. 0.0672 0.0276 0.00E82
Average- 0.0774 § 0.0348 & 0.0157 %
Conclusions-

Over half of the non caffeines nitrogenous materiesle
are removed by simply putting the residue in solution with
water, filtering and shaking the agueous solution with 6 por-
tions of CACl,. But ebout five sixtht!s of it 1s removed if
the complete Fendler-Stuber procedure is followed.

Therefore it 1s reascnable to conclude that the im-
purities in the final residue of caffeirne, which 18 only about
344 pure czffeine, also contains non caffeine nitrogencus

substances.






T:BLE EO. 14,
EFFECT OF FURTHER PURIFICATION OF THZ FINAL CAFF¥INF RESILUE BY
ADDING 20cc. OF WATEE 45D 0.2 Gm. of XGD, DICECTING A SHORT
TILE Oh THY UTEAM BATH, FILTERING AND SHAXING TOE AQUEOUS SO0LU-
TION ¥ITH CiiClz. (Fendler-Stubcr method).

Cemple. Percentsge of caffeine by nitrogen
determinetion.
ORDIMLLY Fo & Co METHCD. Fofe &6 NIFTHOLD,DTCIDUE PUNIFIED

" D W T = W — > D D AP G D D "GP - — . —— D b G S O " WD Pl P G T G T D G GG > D - St o ke > von o > > -

deter.

Kaffee Hag No. Z. 0.0039 & 0.0°80 % 0.0073 %
" v 8, 0.0162 0.0c6 0.0169
n " n g, 0.01%2 0.08 0.0100
" n " 10. 0.0127 0.022 0.0033
" L S 8 0.01c2 0.050 0.0102
n R LD % C.0214 0.033 0.0145
fenka Coffee™ 1. 0.0z2 0.02 0.0158
rostum Ceresal 1. 0.0057 0.016 0.00&5
Average. 0.0141 0.Cs1 0.,008%

D W T G D VD D W D W D G G G W P O P W T e D GG T D G D WD W D T " T G D WD W WD B - -

COICLUSIONG-

The consistently lower results obtained by purifying
the caffelne residue the second time with magnesium oxide may
be due to two rezsons.

1. The possible slight caffeine destroying power of
the ¥g0.

2. The removal of non caffeine nitrogenous substances.

ther ext. indicete that the caffeine destroying

power of ¥g0 1s negligible. Also, the supposzdly caffeinz content

of Postum Cereal, wvhich has no caffeine in it wrhatsosver, shows
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ebout one helf ths emount of nitrogen zs it does by the
ordinary Fendler and EStubesr pathod.

The final caffeine residue appesrs to be nesrly
pure, ac observed in the bottom of the flack, showing the
characteristic white needle shaped crystels with practically
no fatty or waxy meterisl present.

¥hile this extrz step would probably not be practi-
cal for commercial &nelysils, it shows thet some such method
even better than this perhaps, should be employed if we are to
estimate 2ll nitrogen as coming from caffeine in the final
results. It is probable that from 10 to 40 € of the nitrogen
determinad when the ordinary methods ere used is from non-

caffeine nitrogenous subctences.
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TLLCLE NO. 15.
COMPARATIVE RLSULTSE IN ADDING 10 G. XMGO TO TiHE AQUIOUZ EQLUTICH,
DIGTETING ON THE £TEAW DeIB, FIGTZRIKG ALD COOLING EXIGLE OXI-
DIZIRG ¥ITH PCT/ECIDM PTIIZNGANLTE,

Percentage of ccffeine.
Cam:-le. Ordinery F.cnd £. procedure. F. end S. #2thoa with %:0.

- - o - - - P W - - W G " - —— — - —— - D s > — - > —— - " — - —— —— w— -

Ry wt. of By nitrogen By wt. of Ly nitrogen
regidoe deter. rosiduz. deter
Kaffee feg
No. 16. 0.0147 ¥ 0.0120 € 0.0513
17. 0.034 0.0148 0.01990 0.0106
18. 0.020 0.01:8 J.01€0 0.0037
19, 0.C62 0.0142 20703 0.01¢7
£0.(132€) 0.£36 0.00248 0.0€60 0.0295
21, 0.024 0.0185 0.0100 0.0190
£2. 0.01&0 0.010¢ 0.C170 0.0C€S
25 0.053 0.0253 3.0420 0.0/713
24. 0.064 0.01&td 0.057 0.011%
£5. 0.0%8 0.01¢4 0.0 C.0141
Average- 0.0€5 ¥ 0.0£385 & 0.0:7 % 0.0212 &
fure
caffeine 0.0C131 g, 0.00121 g. 0.001&3 g
” n : 0.00162

T:BLE KO, 16.

COMPAEATIVE FrlULTS ODTAINLED IR CHAKING OUT THE FIRAL CHLOLOFOEM
EXTEACT VITH 1 ¥ KOH, A3 IN THE POWER-CHLSKUT XETHOD.

czmple. Percentcge of caffeine.
Ordinary F. Cemethod. Fo & &o method plus above stepe.
By wt. of By nitrogen Ey wt. of &y nitrogen
________ _Fgsidue.  _deter. . _residus. getzr. .
- 19, 0.062 % 0.014% &% 0.0:1 & 0.0183 &
2l. 0.024 0.01&5 0.0c8 0.0157
22. 0.CZ24 0.010& 0.024 0.3080
23. 0.053 0.0£52 0.087 0.0°563
24. 0.064 0.015& 0.054 0.0142
25. 0.058 0.0164 0.047 0.0153
26. 0.048 0.014¢ 0.076 0.0142

Rverage-  0.049 % 0.01:57 % 0.0u4 % 0.0184 %







Conclusions from tables 1& &nd 16.-

The digestion of the aqueous solution with Eg0 and
filtering before proceeding with the usual step of oxide-
tion with KMnO4 grestly increcse the purity of the finel
caffeilne residue. In some ceses the crystals of caffeine
in the bottox of the flask had nezrly the seme appearance
&s pure ccffeine. However csome canples will heve over twice
the & of caffeine by wt. s by nitrogen deterzination. Con-
sequently the wt. of the final residue could not be relied
upon for calculeting the % of caffeine. here is slso a
slight loss of the alkaloid by belng &bsorbed by the %gO.

¥ashing the final CHClz extrzct with 5 cc. of Koi,
as in the Pow:zr-Chesnut method, improves the purity of the
caffeine to quite an extent, but not &s much as does the
use of Mg0. It hes the advantage of not having any destroy-
1ng power o6n the caffeine. The use of thils extra step on
samples that zre to be sublimed considerably improves the
purity of the sublimed crystals. The result in teble 16
show a decrease of 0.015 £ caffeine by wt. by the use of KOR,
wheraas table 15 shows a decrease of 0.028 % caffeine by the

use of KEgO.

77.
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TAELE RO. 17.
LOSE OF CAFFZINET IN THE ANALYLIS, DETERMINED EY ADDING £ HMgz.
OF PURE CAFFZINE TO THE REZCIDUE LEFT AFTER THE FIRLT EXT
TION AND REPEATIRG THE ANALYCIS.

gms of caffeine by the rnitrogen determination.

cample. _ pomgr-Chesnut_mothod. Fendler-Stuber method.
(First CHClz filtered
thru cotton »nlug.)
0.00200 g. 0.00160 g. 0.00202
" 0.001&3 0.00187
" 0.00120 0.0013%2
Aversge- 0.00140 g, 0.0013¢ g.

(First CBClz extrzct
filtered thru a 4 cm.
filter paper).

0.00200 g. (CHCl. eviporated off 0.00181 g. (iew fil-
withHout shaking with tar paper)
Kaffee Rzg residue). 0.00134 g. (018 f1l-
ter psper).
Percentzge los2 of caffeine- 0.0 § Geb &
Conclusions~

khile it would not be Juctifishble pernzps to draw con-
clusions obtained in the above table, the results shown in sone
of the other tables involving the use of ¥gQ strongly indicates
that the kg0 hes a slight retentive or destroying power on the
caffeines And therec i3 no doubt that lower results would bse
obtained, in nearly every trial, with the Power-Chzsnut method
than with the Fendler-Stuber method.

The explanation might be made that perhapc the reason
the Fendler-Stuber method gave such & high recovery of caffeine
w2s because caffeine had not been completely extracted from

ths Kaffee flage This 1s not true as the last two samples were



~ —




not &dded to the Kaffee Hag residuc &t all, and they geave
mearly &5 high resultc as the others. It is also interast-
ing to observe that the highest recovery was obtained when
the CHCIS extract wes filtered thru a filter thet had pre-

viously filtered & ClCl, extracts eand had been thoroly washed.
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T+ABLP BO. 18.

COHPLRATIVE RESULTS OBTAIRTID DBY FXTRACTING WITH SOXHLET
APPARATUS WITH ALCOHOL IR THE FFINDLER-STUBZR EITHOD, A4ND BY
SHAKING %ITB CHLOROFOFM IR THE POWCR~-CHESRUT HITHCD.

Cample. Percentage of caffeine by nitrogen deterzinction.
Ordinary F.& C.method Ordinary Pe&%.Coe
F.& S.m2thod with alcohol P.% C.xethod. method
extrection. vith CiCl.
(shaning)®
e e —m———— ——————————— extraction.
Raffee Rag 71. 0.0114 4
Ho. 1l 0.01c2 £ 0.0160 % 0.00921 £ 0.0109 %
1. 0.0121 0.0103 0.0091 0.0116
2e 0.0111 0.0107 0.0067 0.00933
4. 0.0245 0.0331 0.0246 0.0225
5. 0.0326 0.0313 0.0330 0.0300
6. 0.0227 0.01%5 0.C120 0.0177
7. 0.0112 0.01%87 0.0076 0.0101
Te 0.0111 0.0181
8. 0.0l€z 0.0224
9. 0.0122 0.0Z22
10. 0.01£7 0.022%
11. 0.0123 0.02C5
12, 0.0214 0.0201
Sanka Coffes
Noe 1 0.0e24 0.0273
(sample 1 to 7)
kvereage 0.0178 % 0.0123
Total Average 0.0166 & 0.0z31 % 0.0156 ¢ 0.01%5 %

Conclusions-

These results point toward the same conclusicns &s are
reeched in some of the other tables, namely: The Power-Chesnut
mothod glves the szme &nd uniformly lower results no nmetter
which method of extrection is employed. The reason for this can
well be explained by the slipght caffeins retentive power of the
¥g0 used for purification. £Also, this rethod with alcohol ex-
traction removes more non csffeine nitrogenous materials than
does the shaking method with CHCl.. Thus the Fendler-ftuber

method gave 0.0085 % higher results when alcohol foxhlet extrsc-
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T!/BELE HO. 12.

THYE CONPAFATIVE EFFLCTIVENESS CF CAEBOR TETRACOLORIDE AZ A EJLVIKET
FOR CAFFEINF IXTRACTION IN KAFFLE H4G. (FLRDLEE & STUBER METOOD).

Cample. Percentage of caffeine by nitrogen deterzinstion.
Crdinsry F. S. F.& & unthud, Soxhlet extrac-
metnod (using £0C (using 200 gm. tion with CCl4.
gm. CHCLl, wet with CCl4. wet with 5 for 10 hours
ce. 10% fi1,0H cc. alcohcl Sampls wet with
chaking 1 hour). soeking 1 hour) 10 cc water.

v caf Y

Kaffee Hag No. 13.  0.0173 & 0.0065 % Ly eeron

" n " 14. 0.0200 0.0073 residu=

n " " 15. 0.01548 0.03E6

n n no16. 0.0147 0.0068 0.0102%¢ 0.025%
" L " 17. 0.0148 0.0063 0.0103 0.033
" n % 18. 0.0125 0.0084 0.0101 0.C32
" m " 13, 0.0143 0.,0116 0.0¢%5
n n " 20, 0.0348 0.0754 0.084
" " no2l. 0.0135 0.0087 0.024

Lverage of first
eix samples 0.01%55 €

Averege of la:zt 6
sanples 0.0274 & 0.0083 % 0.0211% 0.0%66%
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Conclusions-

The extraction of caffeine by CCl4. by the shaking method
is very incomplete. £&nd the fincl residue of caffeine is only
about one half caffeine by i1ts aopeareénce. Hence, this modifica-
tion can be regarded as unsatisfactory.

¥e find much different results when Soxhlet extraction
vith CCl4. ig used. And while the eppearance of the ceffeine crys-
tels shows the presence of some olly materisl it is less than when
the ordinary F. % S. method 1s used.

This 12 also proven by comparing the lest two columns

which shows that the & caffeine by wt. is about double that deter-

mined by nitrogen. ¥heresss, it is from threce to four times as






great in the ordinary Fendler & Stuber methodl

Az undoubtedly, the forelgn materizl oresent in the
fiuzal rezidue of caffelne contains nitrogen, the eliminetion
of the most of this material will give us more correct
results. The sagreement of the sbove figures with other mct
ods of purifying this residue will hel) greestly in tiie solu-
tion of this oroblem, as well &s show thst the csffelne is
not destroyed in the modifications cr sdditionzl steps used.

The ratio of cdistribution of caffeine im solution

in equel volumes of water end cicrbon tetrachloride after be-
ing shaken thoroly was found to be: 3.35 parts to 1.33 part
in weter end CCl4. rzspecte and: 1.00 part to 21.00 parts

in water and CHClz respect.






TAELE NO. 20.

COUPARATIVE RECSULTS OSTAINED BY UZIXNG T4IZ SQZNILET CIHLOROFOERY
EXTRACTION INCTZAD OF CHAKINCG, IN THE FRILDLER AND CTUBIR
METHOD

Samples. Percentage of caffeine by nitrogen determinetion.

Shaking with CHCl, Soxalet CHCl; extrection.

- e - - > > G - " - - - - - > GD . — > - — - - - = — D - - - - - - - > - -

Kaffee Hog No. 8. 0.0182 % 0.0:24 ¢

" " r 9, 0.01°72 0.0c21

n " " 10. 0.0127 0.07E3

" n " 1ll. C.0173 0.0435

» n " 12, 0.0214 0.0301
Senka Coffee. 1. 0.0224 0.0773
bvarage. 0.0163 0.0278
Concluslions-

The consistently higher results obteined by the
Soxhlet extrection does rnot necessarily prove that the shak-
ing out method is inadequuote in extrecting &ll of the caffeine.
But beczause of the increzsed amount of mstericl czrried thru
in the finsl residue when the foxhlet extraction was used,
and also its darker color, it would seem more logical to con-
clude that the Soxhlet extraction méthcd removad ruch non
caffeine nitrogenou:z substances than does the shaking out
method. Tnis mey be also true in the Power-Chesnut rethod

vhere alcohol foxhlet extrcction is used.






Lo

B.

84.

SUNNARY
I. XETHODS

The Fendler-Stuber method is preferred to the Power-
Chesnut method for tne calfelne ensalysis of deccffeinated
coffee for the following razsons:

l. It gives fully &s esccurzte &nd consistent results.

2« This method 1s slightly rmore efficlent in the extrac-
tion of czffeine.

S It extracts slightly less non caffeine nitrogenous sub-
stances, &nd less i3 carried thru into the final caffeine
resiaue.

4. The method is much shorter, more convenient and results
in less pocsitility for error, especislly with minute
emounts of caffeine present.

5. The necessary epperctus may be found in every lsboratory.

6. The method of purification employed removass 2 smaller per-
centege of caffeine when analyzing cecaffeinated coffee.

7. The sublimed ceffeine crystels are more nearly pure caf-
feine, &s determined by the nitrogen content &and their
appesrance.

L micro Kjelduhl procedure, similar to Pregyl?s method us-

ing steam distillstion, 1s one of the most accur:zte methods

of deterrining nitrogen in the caffeine residue obtained
from decalfeinated coffee.
xacro Kjsldahl aprarztus gives fairly reliable results if

rzicro methods are employed.
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C. If the caffeine residue from cdecaffelnated coffee is sub-

limed at 8 tempersture not excceding 1685° C. for at less
10 hours, results can be obtsined which agree very closely
with the nitrogen determination of the caffeine residue.
The nitrogen determinations of the sublimad caffeine gives
the most &ccurate and true results of any procedure yet
tried.

Sublimztion proves that the final caffeine recidue con-

tains non ceffeine nitrcgenous materizls.



L.

E.

C.

66.

CULMMATY

II. AZNALYTICLY RFSULTE (Avereages)

&b egamples of Kaffee Hzg anzlyzed gave un avercge of 38.E¢
caffeine removed, bassd unon the undecaffeinated coffse
conteining 1.2¢ caffelne.

Kaffee Hag was 28.4C% end £8.57% ceffeine removed when

based upon the green and roasted coffee respsctively from

which it wee taken, in 7 samplas.

24.2% of the finegl residue consists of caffeine (By N.detcor.)

by the Fondler-Stuber mothod, end &3.5% by the Power-

Cnesnut method.

%Z of caffeine by weight of sublimed caffeine end by nitro-

gen determination was practically the szme no matter which

mothod was used. But € of caffelne by nitrogen determina-
tion of cublimed caffeine was less in the Power-Chesnut
method thean in the Fendler-Stuber method.

EN.7% of the nitrogen determined in the caffeire residue

copes from the caffeine only, when run by the Fandler-

Stuber zethod, and $55.8% wrhen run by the Power-Chesnut

method.

There was found to be over 5 times as much nitrogen in the

residue from the first 03015 extruct ¢s there waz in the

finsl caffeine residus when purified and oxidized, &nd

over twlce &s much when not oxidized &s when it is oxidized.

Hence there must be a small amount of non caffeine in

nitrogenous meteriel in the final residue.
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The use of Eg0 to further purify the finul caffsine residue
does more harm than good, in retaining a smel' cmount of
caffeine.

The use of Kg0 in purificction before oxideotion with K¥nOy
considerably incresses the purity of tha czffeinz, but 1t

is not consistant erough 2o thet tha Z of cuffeine can be

r

csed upon the weight of the resicue.
¥eoshing the fincl CICLl, extrzet with 1% KOH lowerad the im-

surities about £0. & end matorielly increes:s the purlty

_of sublimed caffeine.

T

ere wes 2 Z0.% losz of caffzine (P mg. sample) by the

The

u

-

Power-Chesnut nmethed, and only & 2.8% loss with the Fendlar-
Stuber method. This sunports other results pointing to-
waerd the slight caffeine rztaining power of X0 especially

noticeable with minut2 cuantitaties of caffeine.

Alcohol extrzction with the foxhlz=t appcrztus does remove
more non c&éffeine nitrogen subcstinces than doss shzking
with CHClz' Tne finzl results are somevbat evened up in
the two methods (when besed upon the nitrozen deterzination)
by the slight caffeine retaining power of the ¥g).
txtrection cf caffeine with CCl, was very ircorrlete by the
sheking methed, but it wecs practically complete when the
Soxhlet extractor was used, and resulted in a more pure
caffeine residue than when the reguler Fendler-Stuber pro-
cedure wa:s used.

foxnlet extraction with CHCl; rcsulted in much higher results
by the nitrogen determination than by the chzking method.
This is undoubtedly due to the extraction of consideredbly

pmore impurities which contained nitrogen, e2s the caffeine

ra2ci{A1p w2 in 82 very irmanure enonditiona
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RICCLMINDATIONS

It 15 recomrended that the procsdure of caffeine analysis
for coffee by the officiel Power-Chesnut aznd the tentative Fendloer-
Ztubter mcthods, ae given in the 0fficisl cnd Tentative Kcothods of
tnalysis of the Assoce. of Official fgr. Cuemicsts, second edition,
1324, be glven the following modifications enplying snecifically
to the caffeine snalysis of decaffsinstad coffee:

1. T2 welght of tha fin¢l residus of caffeine shell be en-
tirely dierzgarded in calculeting the percentesze of ceffeine.

2. The percentzge of caffeine shall bz besed uson the &ccu-

L]
e
or
W
o]

itrogeon determination of this caffeins residue.
Se Milcro Kjcldzhl methods shall be usad for the nitrogen de-

termination. The use of ordinary Kjeldeshl zpnarztusz shall be por-

£

nissible, providing zt leaczt K/79 stand

2
&
!
L.

solutions, and zn indi-

cator as sensitive as mothyl red ere ussd, and &lso rmaking 1t nec-

essary that blznk determrinationsz be made Jjust before sampl

run that do not vary mors than 0.20 cc. of N/107 &cid usaed.
4, The use of sublizction nrocedur: shall be recognizea if

it cecn be proven to be complete; and chall bs especizlly reconzana-

ed 1f combined with the nitrogen determinetion of the sublimed

caffeine.

[

Finally, the cholce of an accurate micro method of
csffeine enalycis for decaffeinataed coffse 13 the Fendlar-Ctuber
method with the suggested modification:z, employing micro orocedure
in &1l of the steons, and bacine the zercentaze ol caffeine upon

the micro nitrogen deternination of the sublimed caffeine.
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