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(17} salisfus the well known thermo-dynamic relation
dlgK  Q

. dt T RT

Humprinns and  Bukaert ') have observed a velocity constant for
the reaction (C,H,),N - C,H.B, —(C,H,), NB,.

Here they found a dependence on the temperature which can
be represented by a formula as (//1"), but not by one as (//1").

The same holds for a reaction investigated by von Harsax?). Krierr*)
proceeds in a calculation as we did in the first part of this paper;
he thus finds temperature functions as in (/"), (/1'), (/1]"). His model
is therefore too limited. The purpose of this paper is to show how
this may easily be avoided by inventing a somewhat wider model.

Kroeer however thought the idea absolutely to be rejected, that
for a -combination a certain minimal velocity should be required?).

Of course I do not pretend that in any case a formula as (//")
or ([11") will hold. To be able to calculate a right formula, we
must of course know the mechanismm and as, even for the most
simple dissociation, for that of hydrogen this is not the case, we
shall have to content ourselves with an image.

When van per Waars derives his equation of state considering
the molecules as perfectly elastic particles, he uses an image certainly
not corresponding with reality. But still Borr is of opinion that -9,
may be compared approximately with the radius of a ring. Just as
well as nobody will deny the qnanti(dtive insight given us by the
considerations of van per Waars, notwithstanding the special image,
I think that the above formulae when they shall have been suffi-
ciently tested by the experiment, will also give to some extent a
quantitative insight into this phenomenon. ‘

The above considerations have of course no relation to the
theory of quanta. The specific heat corresponds to that with 6 degrees
of liberty. ’

Physical Laboratory, Delft.
, 1 Hexpross und BeragrT, Zeilschr. f. physik. Chem. 28, 236 (18'98)

%) Haxs von Harsaw ib. LXXVII 6. p. 731—733.

%) F. Kriicer, Gottinger Nachrichten, 1908, pag 818 scq.

4) See further: K. F. Herzrenp, “Zur Theorie der Reakiionsgeschwindigkeiten”
Ann. der Phys. 59, p. 635,
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Chemistry. — “The influence of different substances on the decom
position of monoses by an alkali and on the inversion of cane
sugar by hydrochloric acid.” By Prof. H. L. W arrryan and J. Groor.
(Communicated by Prof. J. Bomseken.)

(Communicated at the meeting of January 31, 1920).

When the strength of the acid and of the alkali, from which the
salt 1s formed, are known as well as the nature of the ions, we
can calculate the percentage of the hydrolysis. The decomposition
of monoses by an alkali can be controlled polarimetrically, so that
this method as well as the often used inversion of cane sugar gives
us a sensitive means to determine the percentage of the hydrolysis.')

Applying the law of mass-action to the electrolytic dissociation-

equilibria that occur in such a solution, we can calculate the hydro-
lysis. Using
, 'H'][C, H, O i :
K onenot == L[(})ﬁ(ﬁlllz 1,310~ and [H] [OH'| =1,2.10—1
and assuming the hydrolysis to be weak and the non hydrolized
sodium-phenolate to be perfectly dissocialed, we find for ;- N sodium-
phenolate solution, [OH’] = rather more than 3.10-3. "

When. the hydrolysis of the sodium-phenolate in a i N solution
were perfect, then [OH’] would be 101 From this we learn, that

100
of the sodium-phenolate only = 3.10-3 == 3 °/, is hydrolized.

For more diluted solutions the percentage of this hydrolysis is higher.
For & N potassium-phenolate at 25° the hydrolysis is 3,1°/,.%) ‘

These results are in agreement with the experiments on phenol,
which taught that in an alkalic mediam phenol practically behaves
like a monobasic acid.

In this way the hydrolysis of many of the compositions treated
up till now in the above mentioned investigations could be calculated
when only enough data were at our disposition with regard to the
strength of the respeciive acids and bases expressed in the well-
known units.

1) H. I WarerMAN, These Proceedings XX (1917) p. 88, 382, 581.
%) J. WaLkeRr, Introduction to physical chemistry 1919, p. 330 and 336.
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A condition for the calculation is,’ that the nature of the ions
and in general the constitution of the used compositions are known.
When this is not the case the method of investigation followed
by us may still give some indications. Before applying this method
to the investigation of the acid or alkalic properties of organic dyes,
we investigated a number of intermediate products. The investigation
was also extended over several more or less strongly coloured sub-
stances. It was found possible to take away the colour just before
the polarimetric measurements by means of norit or of bone-coal
without lessening the accuracy of the method. In other cases alcohol
was added sometimes. This changed somewhat the nature of the
medium, but several compositions that could not be investigated
owing to their weak solubility, could now be treated.

Most of the investigated compositions were obtained from Kanr-
BaUM at Adlershof (near Berlin). When this is not the case it will
be mentioned. As further different solutions were primarily coloured
we paid little attention to the intensity of the darkening caused
by the action of the hydroxylions on the glucose. The obtained
analysis numbers will be given here only partly, elsewhere completely.

The naphtyl-amines. The melting-point of the used «-naphtyl-amine
was 50°, that of the g-naphtyl-amine 112°. Hydrochloric compounds
of these amines toor were used. The experiment in an alkalic medium
taught that neither «- nor p-naphtyl-amine bound an alkali, so that
they do not influence the decomposition of a glucose in alkalic
solution. In hydrochloric solution the amines in question behaved
approximately as monovalent bases.

Ortho-phtalic-acid Cinnamic-acid

I/ ~~~~~ COOH v w _ 166 () —CH=CH—COOH
—coon M-W-=166 , K M.W. 148

N
Ortho-coumaric-acid a-naphioic-acid
—OH COOH

‘/ \\I—»OH:CH~--~(JOOH i/ \,/ \g‘ MW, =172

M.W. =164 ’
NS NN
a-oxynaphtoic-acid
OH

‘/ \|/ \1000H
VAN

The melting-point of the investigated ortho-phalic-acid was 200°,

M.W. = 188

~
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while for this substance is given e.g. 203°; a titration of the acid
with {5 N. KOH and phenolphtalein as indicator gave the per-
centage 99,8. /

The melting-point of the cinnamic-acid that was present in the
laboratory was 133° of the ortho-coumaric-acid 205°. The «-naph-
toic-acid and the «-oxy-naphtoic-acid melted respectively at 159°
and at 187°.

It was found, that in diluted alcoholic solutions these compounds
practically did not hinder the inversion of cane sugar (Table 1);
Table IV refers to the naphtoic-acid. From the tables 1 and III
we see, that in alkalic solution the behaviour of ortho-phtalic-acid
is dibasie, of a-naphtoic-acid monobasie, of cinnamic-acid monobasic
and finally of coumaric-acid dibasiec.

This might have been expected from the above given structural
formulae.

We further investigated : a-naphtol (M.W. 144, melting-point 96°),
B-naphtol (M.W. 144, melting-point 122°), 2. 3. oxy-naphtoic-acid
(melting-point 217°)

7N Nor

\/\/COOH
and f-naphtoic-acid (melting-point 185°, M.W. 172).

From the experiments made with a nearly 50 °/;-alcoholic solution
we learned, that «- and g-naphtol, e-naphtoic-acid and 2.3. oxy-
naphtoic-acid practically do not influence the inversion of cane sugar
by hydrochloric-acid (Table 1V). :

The behaviour of «- and B-naphtol in alkalic solution was approxi-
mately monobasic just as of S-naphtoic-acid; the 2.3. oaynaphtoic-acid
behaved wn an alkalic medium as a monobasic acid; this was also
the case with the 1. 2. oxynaphioic-acid (Tables V and VI).

In the same way as has been done for the salicylic-acid,
led by analogous experiments'), we are now inclined to assume
also for the mentioned oxynaphtoic-acids, at least in alkalic media,
a ‘“ketoformula”, e.g. as follows:

M.W. =188

QO

I K
(Y e=o NN e<coon
N,/ \ 7 ¢—CO0H \VaVva |

2. 3. oxynaphtoic-acid 1. 2. oxynaphtoic-acid
~ (ketoformula) (ketoformula)




TABLE L

Influence of x-oxynaphtoic-acid, cinnamic-acid, orthe-coumaric-acid, ortho-phtalic-acid on the inversion of saccharose by hydrochloric-acid.

-] | | | | | | | |
| A ’ B | C ; D |, E . F l’ G ‘ H 1 | K | Remarks.
i ! i ! : i
i : : ; | i ‘
75 cm3 “96°/,” technical alcohol Thegiventime-
interval is that
[ 1162 752 1036 656 | \ ' of the standing
) - ‘ " . U R ‘ |in the thermo-
added | dtier. | milligr. .mxlllzgg. i milligr. | | i ;
| | snii-scie TR R | Pl | e e ead:
‘ ! ! ‘ ! 1 ' de, when the
s | fluids had assu-
506 cm3 of a cane-sugar solution | med about the =
: | | temperature of g
» ‘ ’ “ f ‘ | the polarimeter
Number of cm® hydro- J | ! ‘ the p
chioric-acid 1,005 N. 0 | ¢ [ .o 10 ' 10 o, [ 10 | “ “ 2 sREe e u
f ‘ = l ‘ oxynaphtoic-
I After filling to 150 cm3 placed in the thermostat at a temperafure of 35°. lacid was just
| [ quite dissolved.
After [ y 1 l \ [
+ 19 |+3.0¢ —04  —1t3  —19 | —15 | —15 | —15 | —15 | —23 | —3.3
Polarisation hours | i [ |
in Ventzxe | After ' 'l \ y ‘ |
+ 22 +310 —20  —28 —~33  —33  —30 | — 30 | — 2.8 | — 3.6 | —4.2
degrees (fube | "hours [ | f | | i
length 2 dm) After ! ‘ l . ‘
+4 | +381, —~58% | ~63 |—64 |—6535 | —-63 | —-—863 | —-62  —8635 | —
hours 5 |
TABLE IL
Influence of ortho-phtalic-acid on the decomposition of glucose by an alkali.
e ———— - - } ; ﬁi % { ‘ E -
A i B C [ D ‘ E [ F G : H | I Remarks.
f ‘ ‘i : ' ‘ *‘ :
50 cm® of a -+ 39, glucose-solution | After addition of the
i : ; R atkali the ortho-phtalic-
added ‘ ‘ ! ' | mitligr. ’ acid was guite dissolved.
I | | i | | o. phtalic- B
j | ‘ i 1 ‘ acid ‘
Number of ‘ | | | | | ot
umber of cm3 potassium : r ? ‘ 3 &t
hydroxide 0,924 N. L T R T 1 [ 10 @
Filled to 100 cm3 and placed in the thermostat (33°).
_ T | | | | |
;Agtig;eifg 4.6 | +4.4 | 4.2 L4t |+ 40 |+ 3.9 l -+ 3.8 i -+ 4.3 ‘ + 3.7
Polarisation N 3[ | 9‘ ‘ | ;
in Venrzxke | pPRSTO | L o : [ 5 L L
degrees (2dm | %01215/54 - 4.6 - 3.3 {+3'0 26 E 24 | +2.1 |18 ’+3.2 k 1.3
tube} \' After | | r | ‘ { |
ugsa/éﬁ_z&.@;—g—s.z}-4:_2.5“1'_2.2[—;-;,8 4+ 1.5 |12 [ 429 | +0.7




TABLE IIL :
Influence of «-naphioic-acid, cinnamic-acid and ortho-coumaric-acid on the decomposition of glucose by an alkali.

comm—— — [ J v j; e %
A B g[ C | D E ‘ F ‘ G | H | 1 Remarks.
‘ ; 1 S
50 cm3 of a + 39, glucose-solution By heating the SUbStan,-
,‘ 1 - ‘ | ces were dissolved in the
| j j ’ 3' 344 1036 ,?28 . glucose solution. At
] : [ : | milligr: milligr. cit-milligr. cu-| . e
added i | \ |=-naphiofc- | namic-acid| maric-acid | Cooling  crystallization
| | | | 2 et mol. moiseuls | melecuis | t0OK place. By the alkali
; ] — ; ’ } : | however all was dissolved &
Number of cm® potassium- a ’ ‘ , ‘ ‘ | again. The solution I was
. o | 2 | 3 4 | 5 | 10 6 | 10 | 6 |again The solu
hydroxide 0,929 N. ! [[ i [ | : | I __coloured yellowish green
! after addition of the alkali.
| After filling to 100 c¢m3 placed in the thermostat (36°)
| After | | [ , —
Polarisation | + 1!, | + 4.3 |4 38.3 | +3.0 | 4+2.6 23 [ 1.4 — 1+ 3.1 ‘ + 3.4
(V.degrees) | },;of;:grs ‘ f - ‘E i ? ,‘ ‘
2 dm tube | 1 3 E+4.4%+2.8i—{—2.3}—;—1.7‘;—{—1.3 +05 | +1.7 425 | 4+3.0
’ hours | , \ | ! g |
¥ 1 — ¢ 4
TABLE V.
Influence of «-naphtol, G-naphtol, «-naphtoic-acid and S-oxynaphtoic-acid on the inversion of saccharose by hydrochlorie-acid.
| | ] ;
A | B o E D E | F | G o 1K Remarks.
75 cm3 “96 9/, technical alcohol The readings
| [ 576 | 576 | 516 B2 were made at
. fitigr. | milligr. | milligr. iltigr. room tempera-
dissolved \‘ | haphiol | somaphtol [z-rrxnefphgtgi‘c-zsi)ﬂ;y:iga;h-:‘ P
‘ i 1= 4 milligr.| =— 4 miiligr.| acid —3 |toic-acid—4| ture,
i ‘ molecules ! molecules | m.gr. mol. | m.gr. mol }
[% 50 c¢m3 cane-sugar solution (concentration 250 Gr./L.}
| v i \ , ‘ I
Number of cm3hydrochio- | é | \ 1 | \
ric-acid 1,005 N, 0 7 8 | 9 | 10 | 1 | 100 10 10 =
‘ | i i | | e
, Filled to. 150 cm3 and placed in the Thermostat of 35°,
|
’ [ ! 1 i ; ‘
At thebe- | .. .| O | = | 3 .
sinning +01.5§ i+3i'5}+31'51+3i'51+31'5*+31'O}
After | 1 ; | I T
+ 4 +31.5 | +225 4 21.4 —§—26.3;I~§~19.2§+18.9§+18.5{—{«ES.?’?—%—!B.Q}—{—IQZ
hours : ! : i
Polarisation “After ' ] ; ’ ; l
in Venrzke de-) 4+ 24 4315 4+ 0.1, — 1.3|— 26| — 33 — 35, — 38 — 36 — 36| — 3.6
| hours i i . i |
{2dmtube} - ‘ | |
grees{2 dmtube} Aftor f, f ’ | |
+28 | +-316, — 16— 26 — 35| — 44 — 45!~ 46 — 45, — 44— 4.4
hours = | j | |
After | ‘ E | ;
+5 | 4316 — 5.3 ‘ — 57— 58| —~ 62 — 62| — 62 — 62|~ 6.2, — 6.2
hours ; | | | 3 :
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TABLE V.
Influence of F-naphtoic-acid and B-oxynaphtoic-acid (2:3} on the decomposition of glucose by an alkali.
— ,...[ e ; - —_g “ —
E A B ¢c D . E k F | G H |1 1 K Remarks.
! ‘ » | 1
| |
* 50 cm® of a 4 39, glucose solution ‘,B—naphtoi'c-acid
‘ i wasdissolvedin
; } | ' [ 602 | | 1316  the potassium
. | i i | miltigr. i Im.gr.8-oxy-  hydroxide
dissolved ! ‘ ‘ lﬁ;g?i‘“g‘g“l naphtoic- | rather quickly,
| | [ | ; m.gr. mol. | | m.gr. mol. | the B-Qxynaph-
Number of cm3 potassium- | 5 | il | i ‘ : | tc;'ic-aimd Ic:ng{y .
umber of cm3 potassium- i < | | i . after long shak- o«
hydroxide 0,929 N, 0 2 | 3 & s 6T ’ 10 to 1 10 ing with a yel- <
! 3 low colour. The
i : . 1id acid itself
Filled to 100 cm3 and then placed in the thermostat (34°) 3?35 a{i‘o‘yenow
} ) i ] ] g
‘At the be- , . , ; - , o
ginning | 444 | +41 |39 [ +38 | 1338 | + 3.7 [ +3.7 | +37 | +35 440
Polarisation |~ gfar v : ‘
in VEnTzxe de-| + 2, | - 4.4 | £3.2  F 2.7 |+ 2.3 ‘ +21 |+17 +15 +£16 |10 -390
grees(2dmtube) hours ‘ : 1
. After ! I : :
L £3Y, 444 | 4+28 | 4+23 | 417 |[+105 411 | 408 [ 10 |03 | L26
hours ; i
\ 4 4 -
TABLE VL
Infiuence of a-oxynaphtoic-acid (1,2) and [-ozynaphtoic-acid {2,3) on the decomposition of glucose by an alkali.
3 5 ‘. | ‘ 1 .
LA B c D | E F G | H | 1 K Remarks,
| i 1 | ‘
25 ¢m3 969, alcohol | The addition
iof alcohol was
? i } O mﬂi]‘?;?_,i% necessary todis-
is | J‘ Py Sno solvethe «-0Xy-
dissolved ‘ | {otceacia — tofo.acid = naphtoic-acid.
| 080635 | 0,806.7
‘ | m.gr. mol | m.gr. mol.
. | | I | | | i
Number of cm?® sodium | 1 | : . ! - ; | |
hydroxide 0,896 N. 0 2 | 3 i S L L -
i i i i \3
50 cm3 of 2 glucose solution. After filling to 100 cm3 placed at 35°
| Afte ‘ g < |
+ 1 | +68 455 | 4+48 |+45 440 | 4+36|4+33 134 i +24 48
hours 1 | | | | |
After } ’ l T ; ‘ ;
Polarisation +4 ' +68 +45  +36 | +29¢ +23 +20 |4+17 +18  +0698 4 3.6
hours | | L i | !
{V. degrees
2 dm tubej Further the solutions remained at room temperature.
After ‘ ‘ | !
+19 | +68 | 440 | 4+3.0 424 |4+1.7 +14 411 +1.3 404 5-;—3.1
hours | : | : i
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Similar ketoformulae for the 2.3 oxynaphtoic-acid are already
found in the literature ).
Further we investigated still :
G-salt,
SO*Na
AN\ on

Nal L)
smw\/\/
M.W. = 348

SCHXFFER-salf,

NN

'a',f } ‘OH
NN
M.W. — 246

and also
sodium p. phenol sulphonate.

S/OzNa
The sodium 2.6. naphtol sulphonate has been investigated as
technical Scuirrer-salt and also as a purified one prepared in the
laboratory by sulphonation of p-naphtol. '
To determine the percentage of the technical product this was
titrated by means of diazotated p. nitraniline according to the
method in use in the technical control-stations of the dye-manufac-

turies *). In this way we found the percentage 76.4. The purified ;

preparation when dried gave a loss in weight of 11,4°%/,. In the
dried substance we made a sulphate-ash-determination. Having made
the calcutation for Na, we found from this 9,1 °/,. (Theor. 9.35 °/,).
From the observations combined in table VII we see, that 4
milligram-molecules of the pure ScHAFFER-salt bind just as much
alkali as the corresponding quantity of the technical product.
88,6 . \
| 100 4= 35cm
N.KOH would have been found. In reality we find 3,7 cm* 0,93
N.KOH = 3,4 cm* N. As the titration gave for the percentage of
the technical product 76,4, it is probable, that the technical product
in question is made impure by substances which can bind alkali,
but which under the circumstances of the titration with diazo-solu-
tions, cannot form colours. As might be expected the ScHArrur-salt
could not bind an acid in a hydrochloric mediam.

If the pure salt behaved as a monobasic-acid, just

1) R. Mbarnau, Berichte d. Deutsch Chem. Gesellsch. 28, 3100 (1895);

M. Scuorr, ldem 29, 265 (1896); F. Frirpn, Sitzungsber. der Akad. der
Wissenschaften, Mathematisch-Naturwissensch. Klasse, Wien, 119, 731(1910).
%) R. Mourav and H. BucHgrrEr, Farbenchemisches Praktikum,

TABLE VIL
Influence of Schiffer-salt (purified) and of Schiffer-salt (technical} on the decomposition of glucose by an alkali.

159
L p g 6 LT S8 Y ES YYD
Yo SR wII
. =24 ’U*‘NE::‘CE:;“JQJ'Sz
o Eo<CtyugR0C LBk oy
& SRS @ x5S T Wy e
[ |8 had @) T = QL VO«
< L2 nEE S8R TESRE 0 Y
g STOBWwSE Yo rngv O
5 hogegcra9ge SETol
o ePa= B8 29 nBOnd i
SO0 G228 $LIRw XD g
HeR8EC EE anlErEmMESe
=3 o ©
Nt © o - =
_ ! R N S IS R _
=B - © 0
o oA e . . A
ot L EERE ) © o0 e e
=0 n e
Bgo X + o +
,,,,,,,, _ S I -~ S M
[ v
S| o -t My (3]
[=7
oo D EEkE| o 2 o o o
& P g «
=83 5+ |+ A
S LB Be
_ g |
=4 2 o~
& = - S s | 9
, 2
© bt
© | g0 123
fe) @ - - -
I I - [ { g +
o g o
b2} $og
=t g - ey g o
[Le g A R o et hod =
= o
Z B F
had S— S —
> = 2
e R o - <
3 . . « .
48] 4+ < @ o -t - -
[*==
« < . [} .
s S+
() né g B w
o £
2 E e | o | B |«
(@) o e - o o u:: -
= < - -
YeS A "l' ]L 7
S [USHES BN, A U S |
&
U o & o o o
=
o _|~ .+. ,.}_
e s
U
b
< | o~ | - ~
fan] ot o 42} [39]
1) o o
gt = <t S <
_ : e b e
% u:T‘L) L.ENQ SNQ
37 éNgi’.C’-‘g o 5
Z. o L Qe
4= < 2 < £22
o B o ’mﬁww
L acs
) °°E<u o -
7 5 S u %
4 ‘ME = & =1 =
A 5o 9 ¥ 5 E
P B o= Q
oo b 7]
o 2 S .0 ®
g & s P s
2 g =
Z =




TABLE VIL -
‘ hni iti f ali.
Influence of sodium para phenol sulphonate (technical} and of G salt {technicalj on the decomposition of glucose by an a
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The percentage of the sodium 2.6 .8 naphtol disulphonate (G-
salt) was determined in an analogous way as that of the SCHAPFER-salt
by means of diazotated para-nitraline. The result was 82/ .

For the sodium para - phenolsulphonate (technical
also found 82°/,. The percentage for the dry substance was 87 /g
In reality the percentage of sodium in the dry substance (calculated
11,7°/,) was 11,3°/ (determined with the sulphate-ash method).

The results with G-salt and sodium para phenolsulphonate in
alkalic solution are to be found in table VIII. From these investiga-
tions we see, that 7 milligrammolecul

es of the technical G-salt
have bound 6 cm® KOH (0,92 N.)=15,5cem®N. potassiumhydroxide.

When we suppose that because of the formula
S0,Na

A o

50, Na,
NN\

like a monobasic acid and af the same time that

the admixtures, such as the inorganic salts,

and that admixtures as other

influence as the G-salt, we sh

product) we

the G-salt behaves

have mno influence
#-naphtolsulphonates have the same
ould conclude to a percentage of

5,5 . , _
G -100 i.e. of nearly 80°/, of constituents that can be bound
to dyes.

By titration with diazotated paranitroaniline was found 82 o5
so that in fact it is nearly sure, that in an alkalic solution the
G-salt behaves like a monobasic acid.

In an analogous way we may deduce from the observations (hat

in alkalic solution the sodium para phenolsulphonate behaves as
& monobasic acid,

Delft, Jan. 1920.  Laboratory of" Chemical Technology Delft.

11

Proceedings Royal Acad. Amsterdam, Vol. XXlil.






