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INTRODUCTION

In the yeay 1852 Butlerow {1) aiscovered that trioxye
methylene in the presence of lime water is condensed to a
sweet tasting sugaru-zih syrup. Hoffmen (2) later discove
erad fcml&omda end proved that trioxymsthylene e a
polymerized form of formaldehyde. In 1864 von Baeyer (3}
from a eonsideration of the formation.of sugar like sub-
stances from formmldehyde undor the setion of alkalies,
postulated that formaldehyde is en intermediste product in
the photosynthesis of carbohyérates by slants. His theory
stiruleted studies cn the condensation of formaldehyde
from both & photosynthetic and = non-~photosynthetic view-
point. Von Baeyer®s theory hes been changed somewhat by
various schools of seientiste, but in most modern theorles
of photosynthesis the role of formaldelyde still remeins
dominent .,

The condensation of formaldelyde to sugar has oponed
several angles of interest for study. JAmong these are the
alkaline apents of condensation, the effeets of various
eatalysts, the products of eondensetion, the mechenism of
condensation, and the proces2 occurring in photosynthesis,

Much work has been dome upon the vorious alkeline
agents of condensation. loew (4) wae probably among the
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firet to explore this partisuler spproach when he discovered
that by using mepgnesiwm oxide instead of caleiunm hydroxide a
fermentable condensation product wes produced. The hydrox-
ides of certain of the divalent metals have been found to be
the most effective condemsing agents. lesd hydroxide wes
found to be especlally satisfaetory as & condensing base
when 1% i desirebie to study the produects of Mmaation
sinee, due to 1ts low alkalinity, it does nmot changs the
produets after the completion of condensetion as much as do
the stronger allmline hyéroxides. Iliydroxides of the mono-
valant metals are not seatisfectory bases for condensation.

Sehmalifuss (5) observed that the addition of glucose
or fructose causes a marked secsleration of the condensution
and his mr!é started the study of the role of eatalysts in
the condemsation of formaldehyde. Xusin (6} hes done the
most extemsive work im this partieular field. Iis work om
the eatalytic effset of monoses on formaldehyds condensation
has led him to certein conclusioms regarding the chemical
structure responaible for the eatalytie aection. Beceuse
glycerol end mannit falled as estelysts, he ruled out any
possible eatslytic offect from the puiyatmﬁ.ehlcchol Btruc=-
ture. The mon-catalytic effect of sscohsrose and the
catalytiec affect of glycolaldehyde eliminated the eyclie
forms and the gluconide linkage as factorz in the eatalysis.
The free sldo and keto groupe were suspected. The nearly
equal catalytic activity of fructose, glucose, maltose, and
#lycolaldehyde mede thiz ides rather unteneble and pointed



to the enedlel group, which they all possess in alksline
solution, When he blocked enol formmtion by acetylation of
the sugars prior to use and found that the eatalytic effect
was lost, Kusin conmcluded thet the emediol strueture probe
ebly represents the catalytically aethjs group, 1t is
interesting to ohserve that aaca-rhs.# acld and seetoin, two
substances possessing the enediol structure apd having
exesllent catalyble power, are ebundently present im plant
life, Hecently 4. Van Bruggen {7} studled systemstically

uﬁmr entalyats end found thatthose catalyste that furnish

the enedicls most readily ars the most sctive catalysts

and that many of them are simple aldo and keto sugars, Le
cbserved thet sldonie agids are capedle of catalyzing the
condensation, though less effieiently than the mgni's.
Theoretically these aldonic aelds may form emedlol groups
in alkeline =olution. Their estalytic ef'fect sugposts that
they probably do, Desides the enediols his work suggests
that poesibly the aminecls and the peculiar structure of
kojie ecld are active catelysts.

The study of the compounds present 1n the syrupy
produet is not only interesting im itself, bBut it affords
the chemist & basis for speculation as to the possible
mechenism of condensetion.

The eminent chemiet Emil) Fiseher (8] first separated
from the condensetion product three different sugers, two
of whieh he designated ~.acrose and A-acrose and 2 third he
found to de a ketopentose, later he ldentified <-acrose o



be d-1 frustose. # -agrose was ildentified by Kuster and
Sehoder {9) to be @-1 sorbose. The ketopentose wes found by
C, leuberg (10) to be l-arsbinoketose which was confirmed by
B, B, Euler {11). 4An sldotetrose was discovered by £. Loew
and was identified by Ortimer and Gerish to be d-1 erythrose
{12}, Other workers have sdded d-1 threose to the 1ist.

The compounds listed so far are the constituents of the
vroduet at the finel condensation stage.

Euler (11} and loew {4) found glyeolaldebyde and dlozy-
acetone present in the sarly stages of formaldchyde conden-
sation. Orthner end Gerish stressed glyeolaldehyde as the
true primery produet which condenses with formaldelivde to
;:raduan- €lyesroaldehyde, and o portion of the latter forms
@loxyecetone through lobry de Bruyn-Van Sokenstein phenom-
enone Theoy attributod the eold reducing aetion of the
condensation product to the netion of the primery produets
Tormed in the condensation.

A study of ths dloechemieal properties of the SyrTupy
mese formed at the point of complete formaldehyde condense-
tlon hee beon mede im our lsborstory. It was ﬂiseemsro&
thet the syrup mass dcw not form demonstrable liver gly-
cogen when administered parentally or orally to white rats
end that 1t is not practical er a diuretic because the
syrup when administered intravencusly teo dogs showed toxle
properties.

e Van Bruggen in 1938 begen the study of the conden~
sation of four per cent formaldehyde containing four prams
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saleium hydroxide per 100 milliliters at 40° €, with and
without varions eatalysts. Ig each condemsstion resctiom
the concentrations of the fermmldehyde and the hot reducing
substances {(reduetion dy Shaffer Hartman respent §850 at
100° C,) were followed simmltaneously during the reaction,
and the two curves plotted together. The graph shows that
sbout one half of the formaldehyde had disappeared before
kot redunin;; substaneces were formed, As soon as the hot
reducing substences begsn, the hot reduction curve showed =
precipitous elimk. 4t the seme time the formmldehyde curve
dropped eguelly preciritously as the formasldehyde wasz
transformed into the suger-like produet., Van Bruggen
believes that the first hslf of the formeldehyde ourve
repreeents the formaldehyde loss probably due to the
Cannizzaro resction and the formetiom of substenees not
oxidizable by the Shaffer Hartmen reagent 750, He suggests
thet the part of the hot reducing curve showinmg initisl rise
probably represents the point where the concentration of the
primary products of the condensstiom reaction has resched
the stage where its sutocatalytic effeet passes into mecro-
scopie proportions. The essentisl slope and shepe of all
formaidehyde surves ere sbout the same, no matter what the
catelyest used,

The greph on the following page illustrates a typieal
relationahip between the formaldehyde sne hot reduction

eurves. The endpoint of the condemsstion 1s conveniently



marked by the reaction mixture becoming pale yellow, At
this point the hot reducing walue is meximum. The hot
reduction velue rapidly decreases after the vellow apdproint
is reached, due to further echanges probably eaused by action

of the caleium hydroxide,

7 cH2 O ;Ena’poinf

1300 4.0 f
! \ i Catalysed By 0.11 mii.
“ "t
N D, Glucose per 100 ml.
£,20 | 30 &4 of U CHpO (ilerk)
Q (o u‘lg
2 % a3
9 o o3
H B From J. E. Van Brugcen's
§ 750 2.0 f Thesis "Catalysis of
Es_ Formaldehyde Conden-
. sation®, 1G39.
i‘ JZ.{ /.0

o o
o 30 50 o0 tze

Time in Minvfes

The history of the condensation of formaldehyde by alks-
line agents would not be complete without a review of some
of the theories which attemped to explain how eatalysts
rromote the condensation.

Eusin’e theory of the setion of the eatalyst from the
viewpoint of the emediol strueture stends slone 1ﬂ-the
literature. FPefore Kuszin's work on this perticulsr phase of
the condensstion there hed been no contribution to fhc
subjset execept the rerort of Selumlfuss that yeducine sugars
are =etive eatalyst. Xusin'’s series of papers remcin entire-
1y the only reeent work published on eatalytie sction

pertaining to the non~photosynthetic condenu=tion of form-



aldehyde,

As hos been mentioned there are presemt in plants
compounds having » stable snediol strueturs such sz ascorbie
acid and ascetoin, Thers are ~lso compounds v-hich. in alkae
line solution have the emediol strueture. These compounds
are the sugars with a free reducing group and some of the
hydroxyl orgsmic ecides. The following sqguations illustrate
the ilobry de Bruyn-Van Skenstein phenomenon when a suger is
placed in an slkaline solutiomn., It will be noted that the

reactione are reversidle and an enediol strueture is one

rroduct .
H O ' E ©GB , H
N » \g/ H- g_ Ol
HO-C-H . N ’ =0
R TOH B I R
aldelyde Enediol Lato
Yorm Form Form

{R represente CHoON(CHOM),)

Eusin ehose bemzoin wuamoa’ in erder to study the
intermediate steps through whiek the enedicl catalyst acts
becanse derzoln hes a fres sugsr group, and being a stable
compound, it ocan de resovered guantitatively from the
resction mixture. The following equatiom expresses the
tautomerie equilibrium of benzoin in em slkeline solution:

H o
l ]

c g C___C.H ¢ C__C ___ CegH
OH . CHh QH

Susin expressed his theory of the eatalytic sction of
benzoin in the following two staps:



Firet Step

ug Q
RE=gR 4 B¢ on i 3 J—c—a+zugu

{a) (B} |
{Compound Known)

Aveeseinediol Form of Benzoln
Bewawdiyirated Form of Formeldehyde
Second Step

) ]
34{:-11 + H—§ 08 :
11

B0 R~ -k + CH, UHCHG

Benzoin Glycoalde-

W A higﬁ
An ter=
Unimown mediate
sugar)

(& 18 the phenyl group)

Although speeulation on the setusl mechsnism of
eatalytie action is rave, the ssme is not true coneerning
the formation of the finsl supar products (products sppear-
ing at the endpoint of the condemsntion). Many theories
have heen offered. Among them ere Baeyer's stepwise type of
condensation, Yef’s condemsstion of fermaldehyde dy snolie
combinations, ané others based upon sldo condensation.
fusin ecorried hie enediol iéen over to the formstion of the
final condensation products. The following equations illus-
trate his viewpoint:
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H-G—ON
Enolizaﬁ ydrated Hydreted Glycer- i
Glycclalde Formelde- aldehyde
hyde hyde Glyceralﬁshyﬂa
rgrt-oen-grigre — e
-¢-g=C-Ol+H-¢—(—C—0H HO-G-0H ,ru
i Sﬁ ' H.gﬁ 2p
Enolized Hyérated HﬂB
Glyeereldehyde Glyeeraldehyle haah ‘ Ul
Ketohexose
hnxose

Two Germen chemists, Orthner ond Gerish have dcme the
most reecent end the most complete work concerning the
condensstion of intermedinte to fimal products. They
studied semples of the eondensation product through the
various stages of condensation, and identified the products
by subjecting them to hydrogemation, fractional d¢istillation,
and themn preparing benzoyl derivetives, These workers gb=-
served the presence of substances in the condensetion
grnduot which reduce alkeline e@yﬁcr solution in the eold.
| At the point of marimum eold reduction they found a
maximus concentration of short ochein sugsrs, glycolaldehyde
and dioxyascetons. At the completion of the condensation, two
ketohexoses, an aldotetrose, and & ketopentose were found.
From thelr work on the formation of strsight chain hexoses,
Urthner nnd Gerish drew three comelusions. The first is
that the stepwise combination of six formeldehyde molecules
probably asccounts for only o small portion of the condense-
tion product becsuse the intermediate small moleculss formed
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can readily condense with themselves. Uecondly, the
eombinetion of totroses enddloses to form ptralsht chainm
hexcse molecules {s improbeble beeause dicses have 2
greater tendency to ecombine with themeelves to form tetroses
than to combine with tetroses %o form hewoses. lastly, the
most 1likely mode of formation of the hexoses in the comden-
sation produect is the combinetion of the dihydroxyacetome
molecules with glyeeraldehydse molecules. oSince no branched
- eheins wers found in the condensetion product, the
possibility of molecules of dihydroxyscetone or of glycer-
aldehyfe combining with themaelves probebly does not exist.
The following ecoustions 1llustrate the formetiom of branehed
chain supers from the condensations of diozymcctone molecules
and of glyeeraldehydls molecules:

Cil, 08 —CO— G,k + CHgOH — 00— Gl 0K :
dioxyacetone Dioxyneotone (Lihydroxyscetons)
| Ol
GH
Gﬂﬂ-—ﬁﬂﬂhr—ﬂﬂaﬁ +-Guu——cn@n-cn20 —
Glyeeraldehyde Glyeeraldehyde

HO-— GHOL —CU—CH, 0k (4 possibilities)

HO— % G&iﬂﬁ—f&ﬁlﬂ———ﬂﬁ,gﬂﬁ {8 possibilities)
When moleeules of glyceraldehyde and »f dloxyscetone combine

with each other, the reaction proceeds im tht following
fashion:



Gﬂaoﬂ—ﬁﬂﬁﬂ—ﬂlﬂ i Mzﬁﬁ—w—cﬁzﬁﬁ_%
Clyceraldehyde Uioxyreotone

CEgOK — €0 —~ { CHOH ) g CH,OH

Straight Chain Ketohexose

The sldotetrose and ketopentose (ketesrabincess) are most
1ikely formed respectively from the combinstion eof two
molecules of glycolaldehyde anéd from the comdinetion of two
molecules of glycolsldahyde ané from the combination of
glyeolaldehyde and dioxyacetone.

The eondensation of formaldehyde in vitro alweys makes
‘ona wonder sbout 1te relationship to the photosynthesis of
suger by plants, it is of interest to speoulate how this
partieuler chemical resction might it into the problem of
the photesynthesis of augsyr shouléd sueh s process oecur in
photosynthesisa by plants.

The condensation of formaldelyde would follow the
rrofuction of formaldehyde penerally sssumed to ogour
through the photo-refuction of carbom dloxide. In witro
formaldehyde condensntion hes been studied from both the
photosynthetie nnd the non-photosynthetie viewpoints, the
latter especially in the presonce of an alksline agent.
ﬁﬁ.ﬁ.h it coems that the conditions within the environment
of the plemt favor the photo-gondensation of formeidehyde
%o sugar, the study of this form of condensation im vitro
has besn Tound to be very imeffieciemt., 1t is well mown,
howsver, that living cells eecting through enzyme systems,
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may smoothly and efficiently promote chemieal resctions
which are achleved with &ifficulty or not at all in vitro.
Formsldehyde 18 resdily condenced to sugsr-like substances
in the presence of certein slkeline agmté and especially
when eatalytie substaneer containing the emediol group are
present, It i{= certalniy true that the resction of plant
Juicea is not alkeline as recuired for the in vitroc form-
ation of sugnrs fyrom formuldehyde. Lnediol compounds such
as ascorbie seld and acetoin are present and may possibly
function as cetelysts for the process of photosynthesis
with the gid of plent envyme systems. Mo definite facts
eoneerning such possibilities are known, and these
hypotheses must be consldered as entirely theoretiesl.

in & Tew last words to this introduetion, I shall
bring the subjeect of pold reduection to the forsground agsinm,
and the speeial interest towsrd whiech this researel is
directed. ‘

Orthner and Uerish first obeerved the ecold reduction
property of the copdensation reaction and used this
property to determine the point where the condensation must
be stopped in order to obtaln s ayrup containing & maximm
of primary sugars. 4in our lsboratory Ven Bruggen hed
followed the oold reduction eurve of the condensation
reaction of both an uncstalysed reection and a catalysed
resetion. Lle found thet in both ecases the maxirum cold
refluetion precedes the emdpoint of the resction by several
minutes,



13

Ag there has beon no gomparetive vork done on the cold
reduetion values of products obtained in condensation
renctions induced by wverious types of eantalysts, end their
relation to the hot reduction values, it is the purpose of
this research to investigate these unkmown relstlionships.

The formation of saccharinic eeids, such as lactic
aeld, as 8 result of the setion of alkel! uwpon sugers haa
been extemeively inventipsted. accordingly the production
of lactie aeld during the condensation of Tormaldehyée to
sugars in alkaline splution wae comsidered worthy of
investigation, The remlts of this study ere ineluded in
the thesls following the discussion of cold reduction.
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Each condemsetion was carried out im e larpe pyrex
tube (38 x 200) suspended in a comstant temporature wnder
bath repulated by an eleetric thermostst. The condensation
tube held = white opague mixture of 100 ml. of 495 HCHO in
0istilled water, 4 g. of CalGH),, and 0.27 mM, {(mi11imol} of
a cotalyet (1f used) in esch experiment, An adjscent tube
eontelning a mixture of 4 g. of CalGily in 100 ml. of
- distilled water was used Tfor the eolor control of the ende
point. The stirrvers for the two tubes and the water bath
were driven by a single pulley at a speed whioh kept the
Gaiﬂﬁ}g in a homogenous suspension. The pulley was driven
by & £ B, p. motor, The water beth ves {llumineted by a
blue light from a 100 wett Mazda lamp during each experiment.
This allowed an acourste detection of the first imstant of
vellow color change in the condensetion mixture at the
endpoint.

Gener=1ly before the hot and cold reduction curves wers
determined for a particular catalyzed condensation, the
endpoint of tho condemsation was first determined in a prelinm-
inary experiment so that the intervels for withdrawel of the
samples oould be plammed, By this method it was peasible to
get a truer pleture of the reduction curves--especially the

cold reduvotion ocurve beeause = grester rumber of sam les
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could be withidrawn during ths perlod of greatest reducing
sotivity. From the beginning of marked reducing activity
and through the perlod of the repld loss of reduection,
samples were withdrewn every £ min. for the gold reduction
ourve. Jemples preceding and follovwing these perlods were
taken less often., Ths pesk of each eold reduction curve
appeared only momenterily, and a large number of scamples
taken during the perled just preceding the yallow endpoint
vas necessery in order 4o catch the maximm cold reduction.
The peak of each hot reduction was essily determined because
it vac marked by the a-nd:anint of the condenszation--the polnt
when the reaction mixture turned yellow. |

At the beginning of every condensatlion experiment, the
HOHC solutiom with cetalyst added was preheated to 40° G.
This required 5 min. of hesting in the constant temperaturs
baths The tubes =mé the weter bath were kept stirred
contimously from the period of prehesting tlwcugh the
eompletion of the experiment. Ths electrie timar wes set as
aoon =s the Callil), was edded to the HCHO solution.
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The 4/ HOHO was made from Merk C, ¥. 40p H(HO and dis-
€illed water. A bateh of 12 1. was prepered which was
sufficient Tor sll the experiments performed. The HCHO was
stored in a lerge glass dDottle from which the neecesaary
quantity was drawn for each axperiment by a siphon syatem.
The concentrotion of the resgent was checked pariodieally
by the Homijin lofometrie method & and found to remein
eonstant .

Ven Bruggen observed thet Callii), from differsnt chemi
eal companies caused some veristions in the length of the
ceondensation resotion due to slight differences ‘.la the small
amount of Impurities present. Un the basi: of his findings,
this lsborestery is using Hellineckrodt C, F. anh}g as the
stendard lime. The lime in the leboratory is kept in a
tightly rubber stoppered glass bottle to minimize absorption
of moisture.

The cotalrsts emploved im the experiments were all
cehemiecally pure substances.

W wm {15} Iodometric Method of HOLO Determinetion: 5 ml.
of solution contal not more then 50 mg, of HOLO

were mixed with 40 ml. of N/10 iodine solution. Strong HeGH
was added slowly by drops until the solution wes light yellow.
i0 min. were allowed for the complete conversion of the HCHO
to HCOCH by the oxidizing setion of lodinme in the alimline
medium. Then the solution wes acidified with strong iCl,

and the liberated lodine wes titrateé with K/10 NagSg0s.

Each ml. of H/10 jodine used by the reection represents

0.0015 g of &G0,
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EXPERIMENTAL WORK ON THE REAGENT FOR DETAUINATION
Y ¥ .

The first phase of this pearticular researeh problem
was coneerned with the seleetion of & copper reagent suit-
able for meking comparative studies of hot end cold reduce
tion velues. The approach to this phase was directed by
Beveral properties of the condensation product. They are
as follows:

1. The molecular welght of the condensstion product
from the sction of ecleivm hyéroxide on formaldehyde
averares sbout 180 (7],

2. The hexose super: are probably streipht ehsin
molecules as shown by the evidence of Orthner and Cerish,

3. The evidence as a whole at present supprorts the
keto suger ss the predominent form of the hexose SUgEYS .

¢« From Van Bruggen's work, the grestest concentration
of the produet obtained from the econdensation of four per
cent formaldelyde is less than two per cent.

It is desirsble that the copper reapent selected should
be relatively inert to the final products of the condensa=
tion while et the same time being reduced by the primary
producte. Un the basis of the above properties, two per
cent fructose in four per cent caleium hydroxide was
selected as the standard by which the relstive activities
of meveral copper rongents toward thn condenzation produet

were studied. The reduction of emch copper reagent by the
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primary products wes determined on scmples withérswm from a
formaldehyde condensstion mirxture catalysed by 0.27 millimel
glueose for one hour at 40° C.

Soxhlet’s ¢ modification of Fehling's reagent was riret
tested for reduction by the stendard fruetose solution
because both Urthner emd Gerish and Van Bruggen used the
roagent for coléd reduction.

The techmique was as follows!:

1 ml. of the stendard fructose solution at 40° C. was
added to £ ml. of Soxhlet's resgent {mired solution contuine
ing both A and B ecomponents} ond allowed %0 roaet for 50
nin, {(timed By am sutomatic elock) =t room temperature
(26° C.). The smounts of reduetion expressed in terms of
0.008 B, Heglaly weres

Ele5
- S8 5

The peak of the cold reduction curve which Van bruggen
obtained from the condens:tion of HCHO eatﬂlyﬁa& by U.27 mi,
glucose is only S0 ml. 0.005 B. thiosulfate. Urthner apd
Gerish stete that oaly the short carbom chain sugars show
eold reduction. ‘hy fructose reduces in the cold in this

" 3()11!: s JO2E ot CuSO‘gamgﬁ in 100 ml. ﬂt H L
Soln, B~uB4.6 g. Hochelle Salt and 10 £ BaOl in 100 m3. HgO.

After a & I, of reduetion 2.5 mi. of 25) HoS0, was
added along with 1 ml. of 20% KI, The liberated lodine was
titrated with 0.05 i, HagSg0s, A blank ves yun simmltan
ecusly, and the difference between it ané the sample was
recorded.



1%
caze 12 not clear. The high pH factor of Soxhlet's Reagent
iz ths moat likely cause. Fragmentation of the sugar into
substances posscssing eold reducing properties muist be
considered .

The next eopper reasgent studled was Shaffer-Hartmsn
respent §60, Irom here on the temperature for ¢old raduce
tion wes standerdized at 40° €, because room temperature is
apt to be & varlable factor, a higher temperature abbrevis
etes the reduction time, and the thermostetically contrelled
water bath may be conveniently used. With this resgemt
(refer to Teble C) the stenderd frustoss solution reduced at
& slower rate for the first ten minutes than é12 the conden-
sation mixture, dut by the fifteen minute period, there
remained only & slight difference between the condensation
ané standard fruetose reducing powers. It was obvious that
Shaffer-fartman reagent 60 was not satisfmetory, and that a
reagent of lowered pil should be tried.

Sines Shaffer-Hartmen resgent #50 is lesc alkaline with
a pE of 9,97, it was deemod worthy of trisl. The fructose
curve showed much less reduction as wes to be expected, but
the condensation ourve showsd an initisl slow reduection
passing Into e markedly accelerated reducticn (Table A and
Bj. Apparently the lowered pE is favorsbly to imcressed
reduction by the eomdensate. Upon adding sufrfielent BeliCOg
to Shalfrer-dartmen reagent #50, the pl decreased to 8.82.
The twe reduction curves were in general omly =lightly lower
than for the preceding resgent {(Table B end greaph on page 284
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By meking the ratic of Nagllg/NaHC0s 7/60 {grems), a reagent
having a pil of B.27 wes obtained. This resgent pave n vory
low reduction curve with fruetoses. Sinee by further altering
the buffer ratio, 1% was not pos=ible to deerease the pii to
@ lower walue amd yet have & buffer stable emough to meine
tein the pli constant for o convenient pericd, it was decided
to use the reagent for our cold reduction experiments, The
reduction time of 20 min. was set because at this point there
is very nt_tla roduction by fruetose. iHowever, since the
conconiration of the NaliClg im the reagent is pot fer from
saturastion, 1t wee Giffieculd to dlzcolve the compownd.
Squivalonts of postassium salts wers then substituted bee
cause EiC0g is mueh more soludble. The pll of the reagent so
cbtained, however, is slichtly higher--8,46. The reduction
curves are also slightly higher than the sodium (pil 8.27)
reagent. To prevent Cullg from preeipiteting out of the
reasoent, the lochelle salt wes incressed from 25 to 37.5 e
This copper resgent buffered by pout&mium earbonate-bicars
bonate to 8.46, and prepared as outlined below, wes found
sultable for following reduction values during the course
of formaldehyde condensation,



The following stoek sclutions were kept:

CuS0g .80 158
Rochelle Salt 25% (kept in refrigerator)
XI0g- - 2.85866 (25 nl = 0.7034 gl
s ¢ =105

A liter of the reagent was made up at o $ime and was
kept in a closed _onnﬁainm- with a siphon system connected
an automatie pipette. The system wer kept closed so that
the slow loss of Clp wee minimized. Under this eonditiom
the pil remained constant at 8.46 for a long pericd., 9 g.
KHCOg wero éissolved in sbout SO0 ml,. of distilled weter.
50 ml. of GuS0g solution were mixed with 150 ml. Rochelle
salt scolution, and the mixture was introduced slowly inte
the buffer solution through a long stem fummel which pro-

of

Jected underneath the surface of the liguid, 4is the mirxture
was being introduced, the buffer sclution wae gently rotated.

20 ml. Ki0g solution were pipetted into the mixture, and
lastly 10 ml. of 105 KI solution. The mirxture was d4{luted
to 1 1. |



Before a condensation resotion was started, s number of
pyrex tubes {25 x 200) were £illed with 5 ml. of the copper
roagent measured with a precision sutomatie pipet. Zsch
pair of tubes was lsbeled properly for the sample whieh it
was to recelve. Glass bdulbe were used to cover the tubes.
A seriee of 50 mi. Ehrlemeyer flasks eaoh conteining 9 ml,
of &% Ca(0K)z wes used for diluting the semples Tor hot
reduetion dotorminations. ~

At the proper intervel, shout 5 ml. of the copdemsation
mixture were withdravm bty a speelel pipet. 1 ml, was
pipetted into the cold reduction tube comteining § ml. of
copper reagent and supported in the 40° C, constaent tempera-
ture bath. This tube had been preheated for e few minutes
before the sample of the condensetion mixture was taken.
4nother milliliter wes dlluted with © mi. of Calli)g., 1 mi.
of thie diluted sample was added to ome of the tubes oon-
taining 5 ml. of eopper reagent and put immedletely inte a
boiling water bath. The reduction time was accurately
controlled by an eleectriec atop elock for 20 min. At the
end of the reduetion period, the tubes were gocled for ©
min, in tap water. 2 ml. of a mixture of 2,5/ Kglgly and 2%
Kl were added, and this was followed by § ml. of 2.5 N,
HgS04. The tubes were shaken thoroughly, sllowed to stand
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¥ min., and titrated with freshly mede 0,008 K, NagSglg
using a West sutomatie sugar titretion apparatus. A blank
was run on the copper reagemt, and the reduction values were
recorded as ml. 0.005 N, thiosulfate titrstion differences.
The tadles and graph which appear in the several pages
following show the experimentsl data odbtained in the

experiments deseribed above.
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Roduction Time Curves at 40° C, Taeble A

Gomposition of Copper Heagent in Grams Fer Liter

Cublyg biigl 7 o5
EiGie (o T1LOE
{Bguivalent to 20 mi, N.)
EX 1.0
loghelle Selt ~ 25.0
Ha 25,0
{Shaffer-artman Reapont ¥50)
vl of reapente -
pH of mizture of 1 ml. condensate
and § mi. reacéente D 08

{Readings by DBeckmen Glass Electrode)

mis 0.006 K. Fapgbo0s Tltratlon Lifference

!T‘!j,m gormldeizyda

S 0.08 &,00

10 0.85 10.2%

15 1.35 15,80

20 G40 10.45

30 B.00 over 19.75

45 9.20 owver 19,75

860 12,45 over 19.76

Rote:

Colusm £ eontains the values from the oxidation of

1 ml. 25 fructose, and column 3 the velues from the
oxlidation of 1 ml, of the gluecose catalyeed condensate
taken after 1 . of condensation.
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Reduction Time Curves at 40° C, Table B

Composition of Copper Reagent in Grams Fer Liter

Cusy B0 - 7.5
33.63 "9:71&
(Equivalent o 20 mi, N.)
EX 1.0
i}ouhella Salt = o i e ~§g .g
2 b ..

o 203 Z80.0
pii of reagemt s e i) o320
pii of mixzture of 1 =l. condenante

and 5 ml, reagent -3 o 02

{Headings by Beckman Glass Llectrode)

ml, 0,005 N, NapgSply Titration Difference

Time Formaldahydae
sixubos Irugtone Sondensele
5 R - 4.75
10 0.96 10,45
15 1.70 14.10
20 2,50 1€.80
30 weB0 over 19.85
45 6.45  gver 19.65
&0 ©.850 | oever 18.65

Hote: Gome as Table A,
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Feduction Time Curves at &0° C, Table C

Composition of Copper Reagent in Grams Fer Liter

CuSlyg .50 -
L0 - J.7184
(Equivalent t0 20 ml. H.J
H - . 100
Rochells Salt o e i o O
x&z‘)ﬂs e ;  ad "—‘0'0
{(Shaffer-Hartman Hesgent #60)
pzj of e ant 1012

pl of ﬂ:mu of 1 ml, condensate

5 mi. reagent 10.84
lﬂemnm by Beckmen Glase Llectrode)

ml. 0.005 . HagSglz Titration Difference

Time Formnldeohyde
& ' 2.78
“x G808
8 B.00
& 788
8 $ .35
i0 645 LG50
186 18,30 L2.80
30 18,45 1B.96
pe over l12.80 over 19,80
84 over 18.80 over 19.86

ligte: OSeme as for Teble A.
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Reduetion Time Curves at 40° C, Table D
Composition of Copper Reagent in CGrams Yer lLiter
m‘-’m 5 g - g eeain 7 «&
KLOg- ® - 0.7134

(Equivalent ¢o 20 ml,. N.)
X e ~ 1,0
Agehelle Sallieswmemeeaa— v =37 &
tggos =
& —— g . g ?Btﬂ
pi  of resgentmes=w- sl o 4:5
pil of ni.tttxr‘ of 1 nl. mdmnte
end 5 ml. reagent wl s Dl 40
(Readings by Glees Electrode.

ml, 0,006 N, hﬂsﬂa n“ﬂti‘m Difference

Tiwe Formsldehyde
inules Aruciosy Sopdensate

5 ) 1.25

10 0,39 &425

15 0,49 8.50

20 0.96 2,63

50 1.47 14,90

45 209 18,00

Bu SadD over 18,75

Kote: OCame as for Tablie A,
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Roduetion Time Curvez at 40° €, : Table B

Composition of Copper Reagent in Crams Fer Liter

Cudly o Hinlama R.5
X105~ 07134
{Equivelent to 20 mi. H.)
- XI 1.0
e 4 - 7.0
e ' 50,0
pii of reagentewe g -8.26
pi of mizxture of 1 ml. condensate
end B ml. il o Tl 75

llota:

{Hoadings by Yman Cless bleetrode)

mle 0,000 B, Haglaoliz Titration Difference

Time Formaldehyde
Llnutes Zruetoze Copdensate
5} 0.00 1.28

10 0.00 5.00

15 0.18 8.30

20 0.45 B8.75

30 0,98 12,80

45 1.92 i7 .80

&0 ’ £.92 over 10,48

Sams es for Table A.
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. DaTA

The dats in the following tadbles and the curves whioh
they represent give a pleture of the hot and cold reductiom
activities throughout the course of the condemsation and the
period Tollowing the condensation. Zach tadble prasents the
sams omnlensation reaction bdut eatalysed dy a different
substance, In overy case the concentration of the catalyst
was 0,27 millimol per 100 milliliters of formsldehyde.
Befors an experiment was ¢arried out to determine the reduo-
tion curves, a preliminary experiment was first done to
determine the time of the condensation emdpoint. It wms
pecessary to repeat mony of the experimenta in order to
determine acourately the reduction activities st particulasy
time intervals in the condensations, The eold redugtion
eurves presented most of the difficulties. Since the peak
of each cold reduotion curve exists momemterily, 1t i= easily
missed, especlally 1f for some unknown reason, the endpoint
of the condenastion was off a mimute or more. Difficulties
of this nature were usual =ith the condemsations catalysed
by siow catalysts. The first set of reduetion wveluss for a
partioulsr condonsation reaction often gave eurves which
were irrepulsy. However, on repetition of the experiment,
ourves of normal contour were obtained., The date for any
 partieular peir of curves may come from more than ome
sxperiment.
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41l the ¢atalysts were used in concontrztions of 0.27
o, per 100 ml. HCHO, The following e¢atelysts and their
endpoints were used:

PR Catalyst ZEnépoint {Minutes)
1 Reduotona 87
2 Fruotooe ' a4
3 Xylosa | B4
3 Maltoss 88,5
5 Galacturonle Acld 64.5
8 Gluscse 64
” Loetose 72
B Kojile Acid 80
2 Clucosamine , 79.5

10 Caleiun Marmmoneote 88.5

11 Caleiun Glucconate o8

i2 Tartaric Aeid 163,5

15 Control Reaetionm (Blamik) 207



| Hot and Cold Hedueing Values

38
Table 1

The Condensation of 4% HCHC et 40° C. Catalysed Ey

0.27 mi, {0,0244%) Keduetone

ml. 0.005 N. BagSg0z Titration bDifference

Time Wuutfgn at foduttm&ug :
= 4 0.11 N,
15 revemes 16.8
20 1.14 31,0
25 e 80,5
30 8.56 124.5
<8 10,00 v
S4 12.02 o
35 e 184.0
5 11.28 s
37 (B.2.) 311.01 208.0
48 G 33 J———
45 R 178.0
80 8.04 163,.0
70 B8.16 ity
90 8.00 128.0
180 P— 79 5
Yiote: Hefer to Table 2
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Hot and Cold Relueing Values Table 2

The Condensation of &% HCHD et 40° €. Catalysed By
0.27 md, {0.050%) Pructose

ml. 0.006 B, HagSz0s Titration Difference

Time ~ Hedueglion at “Heductlon at
lButes, Ya <
5 0.30 8.0
25 085 26,7
80 | 2,70 7.9
35 5.70 84,0
40 12.10 171.8
44 (E.P.) 10.78 | 196.0
50 | 8,95 184.2
g0 B.22 186 .8
180 5.68 78.9

Hote: Colums 2 and T contain the reductiocn values from
1l ml. of the concGensate taken &t the various time

jntervals.,
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Hot and Cold Hedueing Values

38
Teble 3

The Condensation of 4F ICHD at 40° C. Catalysed by
0.27 =i, (0.0417%) Xylose

1le 0L.006 K. Ragigls Timuun Difference

“Heave ign ot

Time

sipukon
8o 0,90
35 1.00
40 8.25
45 6450
48 9.85
50 11.52
52 10,55
54 (B.r.) 9.42
80
63 8.56
70 ST
73 P
80 8.
93 A,
120 g
180 6.60

Hefer to Table 2
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S4,.7
107.6
141.0

e e~

186.0
17640
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1ction Verticel Column Figures Represent Reduction
40,;3 Mililiters of 0.005 Normal Sodium Thiosulfate at 100 ¢
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/ i XYLOSE (41.7 MILIGRAM %)
5 So
Reaction followed by hot & co0ld reduction curves
4 40
£
3 - 3o
2 , 20
¥
4 g 16
o 3
© [ 20 30 4.0 Jo (1] 70 8o So /00 we /20 730 /%0 /56 6o 770 /80

Nirmg o+ o



Hot and Cold Reducing Values

98

Tablie 4

The Condemsation of 4% HOHO at 40° C. Catslysed By

0,27 md, (0.100%) Maltose

ul. 0,008 N, Haghgls Titration LUifference

Pime . Heducgion at Heiviotion ab

&iputos ﬁ.ﬁ: Co .
S0 0,30 0.8
%0 1418 £8,.,8
45 Lel2 S92 ..8
50 6.70 1086.0
55 12.56 a9l
58.5 (E.F) 10,47 £00,0
73 8.87 172,08
20 8,80 149 .0
120 B.10 128.2
180 8.70 90.0

liote:

Refer to Table 2
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Hot and Cold Redueing Values Table 8

The Condansation of 4% HCHO at 40° C, Catalysod By
.27 mi, (0.0573%) Calecturonic ieid

mle DL,008 W, NagSp0z Titration Differsnce

Time mﬁa at Wﬂn at

Bk ‘ Co
30 D440 07.8
45 1.88 27.5
50 3.30 55.8
55 6430 —
56 — 105.8
57 7408 T
59 9.67 o
ol 10.82 siaiirss
83 .45 : —
84} (E.P.) e 191.5
67 8.77 e
70 B.69 177.8
90 8.04 151.5
150 5468 102.8

Fote: Refer to Teble 2
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Hot end Cold Eedueing Values Table &

The Condensation of 4) HOHO at 40° €, Catalysed by
0.27 mi, iﬂu%{b) alucaﬁa

mle 0,008 N, NHaglisls Titration Liflerence

 Time Reduction at Ra&ﬁm at

Eipuben 400 G So
S8 el 03,8
45 0,85 3.8
50 2010 45,8
oS 5420 T0.7
&0 11.84 160,0
64 (B.P.) ©.88 1681 .5
70 8.88 16l .8
o 8,00 136 .9
120 7«45 11z2.2
g0 S5.62 ST

Hote: Hefer to Table 2
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Hot and Cold Redueing Vanluse Table 7

The Condemsation of 4% HOHD ag 40° ©, Catalysed By
0,27 mi, ‘nulmj Liﬂ’ﬁnﬂ-ﬁ-ﬂgﬂ

mi. 0,000 N, NegSp0z Titration Difference

. L =

48 0.228 14.2
B6.5 PU— 41.8
81.5 — 70.86
&z 4,07 s
845 | P — 112.8
85 . 8.2 Bil,
86.5 S 138.6
&7 780
70 10.85 Crraimiaes
72 (3.P.) 8.17 187.8
76.5 e | 165,35
a0 7«87 e
86 .6 e 145.3
90 6.52 | 14742
1280 752 116.1

186 5.6 ' 76.4
Kote: Refer to Table 2 '
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Hot smd Cold Redueing Valuves Table 8

The Condensetion of 4% HUHD st 40° C, Catalysed By
0.27 Mm. (0.08846%) Kojic seld

ml. 0,008 K, Titration Difference
Tims Fednetl Teduetion 6t
j e

on 8t
slnutes Co .
70 Bed7 72.7
78 10,47 161.2
80 (E.P,) €,32 189.7
a8 027 151 .8
162 7.7 99.2
180 72128 84.2

liote: Refer to Table £
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Hot and Cold Reducing Velunes Tabls 9

The Condensation of 4% HOED et -HP' C. Cetalysed By
0,27 o¥, (0,0582%) Glucosemine

ml. 0,006 N, BagSgls Titration Difference

Time Heduction et ﬂuﬂ:ﬂ
Elonkes &0° O,
60 Gedb 12,7
6o 5 edtls G997
70 6410 8l.0
Ja . 0JM9 C enemtr
7% Veull 157 .0
76 9.11 o
74 8.79 188 ,.9
75.8 (E.F.) 8..66 186.0
85 8498 174.0
20 7 58 158 .6
100 8.09 146.6
120 7 o24 121 .4
180 585 85.5

Bote: Refar to Teble &
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Hot and Cold Redueing Values Table 10

The Condensation of 4% HOHD at 40° O, Catalysed By
0.27 mi. (0.11625%) Caleium Mannonate

mle 0.008 li, HapgSgls Titration Lifforence

Time ' Heducglion at Mnt&n@ at
ddnutes, 40" G, 200" 6,
50 0u27 14.7
80 0.30 15.5
o5 0.80 i
|| 70 £.65 48,7
| 74 4 .40 L
— 76 o35 108.0
78 B.32 o
a0 10.04 T
a2k (B.F.) 8,09 179.5
100 | 7 ol 148.5
120 6488 128.9
180 598 . Bll0
liote: Refer toc Table &




oL ’ i

ztion Vertical Column Figures Represent Reduction
10 CM Mililiters of 0,005 Normal Sodium Thiosulfste at 100 ¢
a5e
a4 244
23 23e
22 220
24 2/0
20 a0
9 /150
/8 <ENDPOINT REDUCTION AT 100°C s8e
! A
% | \ /6o
i !

5 |] \\( /48D
4 % 1o
; by

| 0
3 i ™\ 130
| N
/2 : /20
i ! 2 /e
[ X
70 Iil .\ 2 lo0
) ; l i 20
|
8 f * €ENDPOINT REQUCTION AT J0°C : ge
7 a8 72
c 1 : o
[
& f { &o
!
4 40
v THE CONDENSATION OF 4% HCHO
b CATALYZED BY 0,87 MILIMOLE
A / | CALCIUM MANNONATE (116.2 MILIGRAM %) o
2 ; Reaction followed by hot & cold reduction =2-
it curves
/ / /0
g
% /0 20 e 23 B0 SO Go 7¢ go 96 oo 773 /20 136 40 Py /6o /7e 120

M. oo



T . 2 MaYhA Ta T | e . L& .
Eot and Gold Be & Velues Iable 11
e % P AR BEEO o 40P (% —

e )
(B AN o oy o
ififTerence

S e } 4 4
Time Reduchion nt
g FuRD W

S\ Y ®

N e - -
s T é:‘g:"‘.q;}
LA Re v e e
(A e adi Ll el

?

nr

—_— - g
ks ) <430 56 .

=1 s -
L= “Leals s s
=4 £ oo o
P N Ll et
5
LR e ke K2 g

&0 .
Lk Feed P
~ & - \‘
&) B . ik = .2
B ¥ 5 § o
wud Lise e ) T 88 1@(3““
05 & TEr
s wWoesd s SU———
3 _B& T AL 1
e -l ey
sTa P oy 8P
PRERE ot @ 56 Lead el
1 T - L e
[ | = g v B
e 5«89 104.2
y . P i e
St LR I W




22

1iction Vertical Column Pigures Represent | Reductien

4029,- Mililiters of 0,005 Hormal Sodium Thiosulfate at 100290
24 240
23 230
22 . 220
2/ 210
20 200
/9 /90
/8 A /80
/7 /70

- < ENDPOINT REDUCTION AT /00°C
/6 ; | /€0
/8 } N /50
14 ! 140
13 S /30
12 , i 5 /20
/" ; /10
/0 | /00
) ? : 90
|

8 Qo

i <ENDPOINT REDUCTION AT 4-0°C 5
o

f
6 /4'“’“ S b St it st e 6o

& / !' ‘So
/ | THE CONDENSATION OF 4% HCHO
4 | CAPALYZED BY 0,27 MILTMOLE 40
CALCIUM GLUCONATE (116.2 MILI-

! GRAM %)
Reaction followed by hot & cold

2 s reduction curves 20

/ (/,’ = /0

A
(o]

: (o]
° /2 20 30 40 s0 60 7o Qo Qo /oo WO 120 130 i40 (50 /6o 170 18O



54
Hot and Colé Hedueing Values Teble 12

The Condensation of 4% HGHO at 40° C. Catelysea By
0.27 mil, (0.,0408F) Tartaric Acid

! | ml, 0.008 N, HagSg0g Titration Difference

; Time ~Reducgion at Heduction &t
Kiputes 40 €, £

60 0.50 1.8
120 | 0.50 4.0
140 0.50 s
| 145 0.98 28.5
| 1850 229 51,7
| 163.5 4430 i
185 — 100.5
|  188.8 5420 .
157.5 7.13 o
160.5 7.95 S
165.5 (B.¥.) 6.10 164.6
169 - 156.0
| 190 | | 5,35 126,0
| 255 4.55 8.6

Note: ERaefer to Teble 2
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Lot and Cold Reduelng Values

Control Reanction {Planik)
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Table 13

Time Lieduction at Leduetion at
Einutes Ca
15 P S Bed
45 0.15 Dot
7o 0.6 4.7
108 De50 Ded
135 G539 P
168 Oe24 S0
180 Ce26 J49
190 Q.87 13045
. 198 2.20 38.7
200 517 8.2
202,50 749 107.7
207 (E.P.) 5.80 187.2
218 4,97 127.2
20 LoD 1008
240 Sed7 88.2
270 e T77
300 3¢E? 849
360 1.028 48.3

lote: Refor to Table 2
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