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3 C A Ae f*? K X 107 Obsd. ! Computed A, cal.

6° (). 03284 0.7040 247 .2 0.9785 2.613 6.5830) 6.5839 4484

15° 03282 1.1410 335.4 L0764 3.729 6.4293 6. 43600 2952
25° 03275 1.4401 392.6 L9746 4.310 6.3655 6.3654 2075
38° 03262 1.8040 464.0 973 4.817 7.3173 6.3173 1109

that AH assumes a value of zero at 58.1°. Con- Summary

sequently, pX; would be expected to pass through
a minimum (6.293) and K to reach a maximum
(5.09 X 1077) at that temperature. Such be-
havior is in accord with similar results on all other
weak acids, so far as they have been studied.'+

In the last column of Table IV are listed values
for AH in calories, computed from equation (11°).
The value at 25° (AH = 2075 calories) is in ex-
cellent agreement with that derived from e. m. {.
measurements at 18 and 38° by Stadie and
Hawes,* and also by Cullen, Keeler and Robin-
son,' both giving AH = 2050 calories. Direct
calorimetric measurements by Thomsen!” at room
temperature, probably 15-16°, gave 2800 calories
in reasonable agreement with our value of 2952 at
15°.

(14) Harned aud Embree, TH1S JOURNAL, 56, 1030 (1934).

(15) Stadie and Hawes, J. Biol. Chem., 77, 241 (1928).

(16) Cullen, Keeler and Robinson, bid., 66, 301 (1925).

(17) Thomsen, ‘‘Thermochemische Untersuchungen,”
1882,

Leipzig,

New measurements have been made at 25° on
the conductances of solutions of carbonic acid and
of potassium bicarbonate. The relative conduct-
ances at 0, 15, 25 and 38° of saturated carbonic
acid solution and of potassium bicarbonate, po-
tassium chloride and hydrochloric acid at 0.001
normal have also been determined. From these
data the thermodynamic dissociation constant of
carbonic acid as a monobasic acid has been ob-
tained for the temperatures given. These values
have been used in obtaining equations by means
of which the ionization constant K, and the heat
AH of the reaction H,O + CO; = H* + HCO;~
are expressed as functions of the temperature.
The values of the constant K, are 4.31 X 1077
at 25° and 4.82 X 1077 at 38°, in reasonable agree-
ment with the corresponding values 4.5 X 1077
and 4.9 X 1077 obtained by MaclInnes and Bel-
cher at these temperatures.
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The Photolysis of Dry Ozone at A\ 208, 254, 280 and 313 mu.

II. Reaction Kinetics

By LAWRENCE JosePH HEIDT

Recent data from this Laboratory! on the
photolysis of dry ozone, largely at A 208 my, gave
quantum yields, ¢, referred to ozone as large as
6.7. This strongly suggested a chain mechanism;
but the decrease in ¢ with pg,/po, was not so
great as that given by Beretta and Schumacher?
at A 313 my, nor was ¢ independent of the light
intensity. Further interpretation of the data was
therefore postponed until a check was made upon
the work at A 313 mu and until the influences of
concentrations and wave length upon quantum
yields were more fully established. Such data
are presented here.

The experimental procedure, precautions, and
corrections were the same as previously followed.!

(1) Heidt and Forbes, THIS JoUrNaAL, 56, 2365 (1934),
(2) Beretta and Schumacier, 2. physik. Chem., 1TB, 417 (13732,

At A 313 myu an inverted U type quartz mercury
arc lamp?® was used as a light source. The trap at
the top of the inverted U was omitted. Instead,
the U was tilted so that the plane containing it
made an angle of approximately 15° with the
plane containing the plungers. The plunger
connected to the upper positive electrode was
seated; the other was slightly unseated. The
luminous column was contained in a quartz tube
4 mm. inside diameter and 7 mm. o. d. The arc
length was 60 mm. The lamp was operated on a
110-v. storage battery source at from 2 to 4 amp.
It was as intense, constant and durable for slit
illumination as its higher voltage type predeces-
sor.?

{3% Forbes aad Hewdt, Tais Journar, 63, 4349 (13315,
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The actinometer solution at A 313 mu was 0.003
M in uranyl oxalate and 0.003 M in oxalicacid. Its
quantum yield was taken as 0.57.* The remain-
ders of the solutions and apparatus were the same
as those employed at A\ 208, 254 and 280 mp.!
More than 979, by actual measurement,’ con-
sisted of light within 5 my of the desired wave
length.

Partial pressures of ozone, po,, and oxygen,
Po» at total pressure, P = po, + po, were
calculated from the observed difference between
P and total end pressure, P;. To obtain P;, the
reaction cell was irradiated with light from an
Hanovia mercury arc lamp of quartz placed 2 cm.
from the front window of the cell until P became
constant over eighteen hours. This was followed
by flaming to a dull red heat, the cell, capillary
connections and the quartz spiral pressure gage.
The system was then allowed to cool to room
temperature, whereupon P; was again determined.
The difference between P; as determined by irra-
diation and by flaming never exceeded 1 mm.
The volume of the system was 42 cc. The dead
space outside the quartz reaction cell was 2.0 cc;
the part at room temperature was 1.3 cc.

The results are tabulated in Tables I and IL
The subscripts appended to the serial numbers
give the number of experiments in the group if
greater than one. Pressures were recalculated to
0° in mm. of mercury at 0°. A barred quantity
denotes an average. Quantum yields, ¢, were re-
ferred to the number of ozone molecules decom-
posed (calculated from 2AP) per quantum ab-
sorbed. In representative cases, the subtracted
quantities under AP are the corrections for the
dark rate. For comparison, corresponding values
of ¢ given by B. and S.% are also included. At
A\ 208, 254 and 280 my, absorption of light by
ozone was taken as complete® At A 313 my, ¢
is given for the value of the extinction coefficient,
k = log I1/I/pod(po, in mm. and d in cm.), used
by B. and S.,% namely, 0.00092.%°

Table II, Series 6, groups 1 and 2, and groups
9, 10 and 11 show corresponding values of ¢ to be
approximately equal at A\ 208 and 313 mu. The
earlier work! also showed ¢ to be approximately
equal at A\ 208, 254 and 280 mg and frequently to
exceed 4.

(4) Forbes aud Heidt, Turs Journar, §6, 2363 i1934).

(5) Method of Heidt aud Dauiels, ibid., 54, 2384 (1432).

(8) (a) Meyer, Ann. Physik, 12, 849 (1903); () PFabry and
Buisson, Comypt. rend., 156, 782 (1913); (¢) Ny and Choong, Chinese
J. Physics, 1, 38 (1933).

ReAcTION KINETICS OF DRY OZONE PHOTOLYSIS

[711

The average ten-degree temperature coeffi-
cient for the photolysis given in Series G, at A 313
mpy, is 8509 = 1.15 over the range 0 to 60°. It
is apparently independent of the mole fraction of
ozone and of the temperature interval after ¢
was corrected for the dark reaction between
pressure readings before and after photolysis.
There was no observable after-effect. Earlier
work?! gave §,o¢ = 1.18 over the range —S0 to
0°. B. and S. give é;,0¢ = 1.25 over the range
0 to 35°.

The dark rates in Series 6 for which P; =
584 mm. were as follows. At 23 = 2° they were
1.46/1080 = 1.3 X 1073 mm./min. at P = 446
and po, = 276 and 0.7/1300 = 0.6 X 10~3 at P
= 497.

At 40 = 1° they were 1.2/37 = 33 X 103
at P = 470; 2.4/310 = 8 X 10~% at P = 480
and 1.7/980 = 1.7 X 10=% at P = 325.

At 60 = 1° they were 2.0/105 = 19 X 10~% at
P = 530; 0.8/50 = 16 X 1073 at P = 540;
0.7/115 = 6 X 103 at P = 555 and 4.3/940 =
45 X 107*at P = 539.

These give a ten-degree temperature coefficient for
the dark rate of 3 = 0.1 between 20 and 60° for
small mole fractions of ozone in oxygen. At cor-
responding mole fractions Glissmann and Schu-
macher” give 3 = 0.1 between 70 and 110°.

Figure 1 shows plots of 1/¢ against po, X
(po, + po,)/Po,. Circles represent the data of
B. and S.? at 7.5 = 3°, X = 313 my, and filled
circles Series 3 of the previous work from this
Laboratory! at A 208 my. Singly flagged circles
represent the data of Table I, doubly flagged
circles, Table IT at X 313 mu and bisected circles,
Table II at A\ 208 and 254 my; all at 22 = 3°.
Although the initial partial pressure of pure dry
ozone varied from 177 to 390 mm., the data of
Tables I and II even at X 313 my, are in good
agreement with the earlier work of this Labora-
tory. Plotted on a more condensed scale, they
are also in good agreement with the average of
the data of Warburg?® at A 254 mu represented by
the flagged filled circle. They agree with those
of B. and S. only if ¢ is reduced by one-half.
Possibly the latter referred their ¢ to the increase
in the number of molecules in the reacting system
per quantum absorbed; the number of ozone mole-
cides decomposed is twice this number.  Or they

(7) Glissmann and Schumacher, Z. physik. Chem., 21B, 323

(1933).
(8) Warburg, Sitzber. preuss. Akad. Wiss., 644 (1013).
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Serial —
numher \in mg P
5-1 2084Zn 179

2 181
3 183
4 186
5 189
6 190
7 192
8 195
9 197
10 206
11 209
12 211
13 225
14 226
15 236
16 238
17 247
18 248
19 249
Py = 266
Serial
number Nin my
6- la 2084 Zn
b
2a 313 Hg
b
3a
b
4,
5y
ta
b
7a
&,
92
10, 2084 Zn
11, 313 Hyg
12,
13;
14a
b
c
15;
165
17, 254-22n
P =

P
421
424
434
437

444
447

449
473

477
481

488
494
496
500
517
522
529
542
546
551
568
570
581
584

503

174
168
163
160
153
151
148
142
138
119
113
109

82

59
56
37
35
33

20s
325
319

299
293

279
273

269
222

213
205

191
180
175
166
133

LAawreNCE JosepH HEIDT

P02
13
19

35
39

53
59
87
96
102
143
147
177
182
210
213
216

202
96
105

135
144

165
174
180
250
264
276
297
313
321
335
384
399
420

459
471
486

537
543
576

TABLE 1
Cell Quanta
== temp., abs./min,
20:P/ 03 °C. Eo X 10-18
5 19.8 11.1
14 20.5 8.6
21 21.0 8.6
30 21.3 7.8
43 21.8 9.5
49 22.1 9.5
57 22.4 8.2
73 21.0 7.4
84 21.6 7.8
151 23.0 8.3
178 23.1 8.2
198 23.3 8.0
392 24.0 5.2
421 23.4 7.5
710 23.7 6.7
775 20.7 8.0
1400 21.0 7.6
1510 21.9 7.0
1630 22.2 6.0
Average 7.8
TasLE II
Cell Quanta Time of
o temp., abs./min. photoly-
0P/ P03 °C. Eo X 107 sis, min.
125 22.5 12 23.5
140 22.6 9.5 24.0
196 20.9 8.6 35.5
215 20.9 4.1 57.5
262 0.2 11.2 31.5
285 .2 6.6 41.8
300 22.3 6.7 39.8
533 22.7 3.1 43.0
590 40.0 9.5 23.0
650 40.0 8.4 25.0
762 19.8 9.2 29.0
860 0.1 5.8 43.0
910 21.4 7.2 32.6
1005 21.9 16.2 26.4
1500 23.8 5.2 61.7
1697 23.2 7.6 44.8
2050 40.0 4.5 101.0
3000 60.3 8.2 50.0
3440 60.3 7.4 46.5
4120 60.3 7.7 79.0
9850 23.8 3.1 85.2
11500 60.2 4.3 82.0
67000 24.0 18.6 73.0

may have underestimated the amount of false
light; they made use of filters to render their
light monochromatic.

The decrease in ¢ with increase in the light in-
tensity and/or extinction as it varied with wave

Time of
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length at A\ 208, 254 and 280 my,! does not alter
the main trend of the increase in 1/¢ with po, P/

pOa'

At A 313 mp neither B. and S. nor the

author observed any dependence of ¢ upom light
intensity.
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3000

2000

pox P/pos.

1000

1/¢.
Circles represent the data of Beretta and Schumacher? at A 313 my;
the flagged filled circle on the sub-plot, the average of the data of Warburg® at A 254 my; and the remain-
ing symbols, the data from this Laboratory at AN 208, 254, 280 and 313 muy.

Fig. 1.—The curves are hypothetical.

The curves are hypothetical. Within the
limits of experimental error they agree with the
observed increase in 1/¢ with po,(po, + Po,)/
po,- At large mole fractions of ozone where the
experimental accuracy in 1/¢ is best, the curves
for Series 3 and 5 cross and follow the data very
closely. They also approach asymptotically the
straight lines drawn through the average of the
data at small mole fractions of ozone.

Discussion

A reaction mechanism for the photochemical
decomposition of ozone was postulated by Schu-
macher? in 1932, It was added to by Ritchie!® in
1934. A summary of their hypotheses follows.

k103+hll '—+O2l+o

(9) Schumacher, Z. physik. Chem., 17B, 405 (1932).
(10) Ritchie, Proc. Roy. Soc. (London), A146, 848 (1934).

ks O + Os —> 0y 4+ O’
kS O + S '——>1/202+S
ks O+ 0+ Op—> 03 + O
k' O+ Oy + O3 —> 03 4 O3
k3530+02+5 '—+O3+S

ki Oy 4 O —>» 0,4+ 0,4+ O
ks O + Oy — O, + O3
kél OZI + O2 —> O, + O,
k55502l+5 -——>02+S

To the left of the indicated reactions are given
the corresponding rate constants. The reactions
(BsS5) and (%5Ss) involving the surface, S, have
been added; and for absorption in the ultraviolet,
Oy’ in (ki) has replaced O,. The homogeneous
recombination of oxygen atoms has been omitted
because of their relatively small concentration in
the presence of ozone and oxygen.

If 0.’ are produced in (k) and SO, in (k),
equations I, II and III follow
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(D) [O] =
(ka[oz] + ks’ [Os] + E:Ss +14 a)
Lan| 7T, T+ BT0:] F oS :4[[003]]+k’[01+k5
5,2 5 3 I35 b 2 5 3 I35 y v
( L +1 - 8) kfor] + (LT ELD 1) 0RO + B[O + 1iS5) + Sy
= lahs, B
an (0] = Lo, [:B{k:[O.z] + £2Ss + [0:1(ks[0.] 4 ks'[Os] + £3S3)} — l:l
k4[Os)
and,as ¢ = — d[(ga]/Isst it follows that
ks[Oz] 4 ks'[Os] + £S5
amy L ( k03] T 6) +
¢ [ks[O:2] + k5'[Os] + 455
( e +14 a) @ + S:/10s))
Term I

k[02] + B5'[0s] + ks
( AN 6) ti

1 [[02](}33[02] + k' [Os] 4 £S5) + kzé‘z:l
2 ks [Os] + kaSe

(ksfoz] + £5'[Os] + ksS5

k4 [O4]

From III, 1/¢ is equal to the sum of two terms,
the first of which increases to 1/(2 + S:/(0s)) or
1/, (very nearly) as o, approaches (po, + o),
and the second of which increases to a constant
k3/2k, (very nearly) times po,(po, + Po,)/Po,. The
experimental work (see Fig. 1) shows a similar in-
crease in 1/¢ with this ratio.!! The constant,
k3/2k,, is the reciprocal of the slope of the straight
line (Fig. 1, solid line) which the data approach at
small mole fractions of ozone. Its intercept on
the 1/¢ axis equals the maximum value of the
first term, ¢. e., !/, (very nearly), as po, —> (Po, +
po,). From the data of this Laboratory at 22 =
3° its slope is 7500 = 800 mm./1/¢ corre-
sponding to 680 given by B. and S. at 7.5 = 3°,
Fig. 1 dotted line.

If the wall effect is negligible, S, = 0. Then,
when pg, = 0, term II = 0 and from term I for
k5 = k;,/

ks _ 21+ a) — (1 —8)

k4 1—2¢
where ¢ is the intercept of the plots on the 1/¢
axis. The data of this Laboratory give ¢ = 0.14
= 0.1.

The values assigned to a and §-also determine
in part the rate of increase of 1/¢ with pg,(po.
+ po,)/Po,. Variations in the calculated value
of 1/¢ for « = Oor 1 and B = 1 or 2, using corre-
sponding values of k;/ks determined from 4, do
not fall outside the limits of experimental error;

(11) If the synthesis of ozone from oxygen atoms and ozone mole-
cules were bimolecular, [O:](R{O:] -+ ka’[Os] + k3S3) in IIT would
become &3”{0:]. However, plots of 1/¢ with po,/pos differ greatly at
small mole fractions of ozone with changes in the initial pressure of
pure ozone, thereby implying corresponding variations in the rate
constants,

+1+4 a)
Term II

hence, it is not possible to assign from the data
unique values to o and B. The work of this
Laboratory, however, gives ¢ >4 when po,P/po,
is less than 100. Therefore, 8 must be greater
than zero; otherwise, if the postulated mecha-
nism is correct, ¢ could not exceed 4 even though
all the primary products of the photo dissociation
subsequently decomposed ozone. A plausible
assumption® is to set 8 = 2.

We may evaluate « in the following way. At
AN 208, 254, 280 and 313 mpy, the approximate
equivalence of ¢ suggests that the primary
act is essentially similar at these wave lengths,
i. €., o remains unchanged. The energy avail-
able at A 313 mu (91 kcal) is sufficient to
dissociate ozone into an oxygen atom and an
oxygen molecule in its first electronically excited
13 state (24 + 37 kecal.). It is not sufficient, how-
ever, to dissociate an ozone molecule into oxygen
atoms (24 + 117 kcal.).!? Also, the energy of the
32 to T transition, 37 kecal., corresponds almost
exactly with the difference between the long wave
length limits of the ultraviolet®® and visible® ab-
sorption spectra of ozone, A 350 and A 650 my, re-
spectively, or 82-44 = 38 kcal. In addition the
13 state of oxygen is metastable as evidenced by
the very weak absorption of oxygen at A 760 mu
corresponding to the transition ’Z to !Z. A plau-
sible assumption, therefore, for absorption by

ozone in the near ultraviolet is to set & = 1.
Thereupon, ks/ks = 2 fora = |, § = 2and ¢ =
0.14.

The rate of arrival of the chain carriers at the
(12) Lewis and von Elbe, THIS JOURNAL, 87, 612 (1935).
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TaBLE III
Av. obsd. Caled.
Serial — _ - - Es X value of value of
number A in my P 203 20: PO P/b0s 10-18 1/¢ A(l/¢) Sn Term I Term II 1/¢ A(l/)
3-7 254-2Zn 525 222 303 716 3.0 0.39 12 0.28 0.11 0.39
3.6 0.08 0.09
e 524 224 300 700 14.4 47 59 .28 .20 48
37 530 212 318 795 3.3 .43 13 .29 12 .41
3-9 10 ) 11
3-8 530 212 318 795 16.8 73 64 .29 23 )2
k 2k, _ , .
1/é calculated from Equation ITII; o« = 1; 8 = 2; k—i =2 ?f = 7500; k™ = 0.16; 4 =6 X 10~
33 208-4Zn 493 286 207 357 2.0 0.22 9 022 005 0.2 )
5o 0.09 0.0
: 491 290 201 340 11.6 31 51 .23 11 RV
34
33 502 2068 234 440 2.1 27 8 .24 .06 30
3-5 14 09
34 506 260 246 480 i2.0 .41 47 .26 .13 .39
3 2k, - - -
1/¢ calculated from Equation III; &« = 1; 8 = 2; i =Z; B 7500; k™ = 0.015; 4 =5 X 1071
wall determines S,. It is, therefore, proportional The ‘‘constant” A, depends among other

to the concentration of oxygen atoms, |0], and
excited oxygen molecules, [0y'], and to their rate

of diffusion to the surface, S. From equationsI
and II, [O] and [ O,’] are directly proportional to
i. e., to the incident light flux, K, multiplied by
the fraction of light absorbed, or to!3
1— —) = By (1 — e—Fboud) = Eo(k’pmd -
I

(B'posd)? | (k'P0id)*
where 2’ = 2.3 B = the absorption coefficient of
ozone, and d is the depth of the absorbing layer.!
theory of gases, is inversely proportional to

1/Dy_s+1/Dy_s + ...
At constant temperature

Dy _,a

the concentration of absorbing ozone molecules,

E(1-7

s B )~ Bofthpodd)
Their rate of diffusion according to the kinetic

where D, _ , is the diffusion coefficient of y in x.

1

1 1

%y Pr (E + H‘:) 1

where o2, _ , is the sum of the radii of the re-
spective molecules or atoms, M,, M, their
respective masses and p, is the partial pressure of
x. Neglecting differences in ¢ and M, it follows
that the rate of arrival of the chain carriers at
the wall is

Sn = AuEof(k'po,d)/P

(13) For all positive values of k'pod, {(k/ p0zd) is positive and iu-
creases with k',

(14) When the surface effect becomes measurable, i. ¢., wheun a
measurable number of the chiain carriers reaches the wall, d must he
very small because the cliains are short, pmax, < 10. Also, O and O:'
liave lifetimes certainly less than the time to diffuse a millimeter at
our pressures and temperatures. (There is no observable after-
effect.)

things upon the temperature, the nature of the
surface and the distribution of incident light flux
over the surface. With our apparatus the latter
varies widely with wave length. It is approxi-
mately constant, however, at a given wave length
and temperature, for Ey was diminished by stop-
ping down the collimation lens; the slits and
source were left unchanged.

As k3S; and kS5 enter equation IIT as additive
terms to the total pressure, term I of IIT increases
with Eyand kpo,. Also, that part of term IT of 11T
containing k; in the numerator, briefly, (2o, P +
koSs)/ (Ropo, + koS.) increases with k.S, for all
values of Espo,P/kapo, less than 1. (When the
latter exceeds 1, %.S5: is negligible for S, — 0 as
P—>; also k3/k < 1.) Equation III, with the
above value for .S, is, therefore, in agreement with
the observed secondary increase in !/ or decrease
in ¢ with increase in £, and extinction kpg, as it
varies with wave length.

Table III gives the observed and calculated
dependence of ¢ upon light intensity at A\ 254
and 208 mu. Calculations are for k3 = &3/, ks
k51, 4, = A, A; and f(klpoad) = klpogd.
With these approximations, calculated values of
¢ agree with those observed both with the change
in ¢ with £, and in absolute magnitude. The
calculations also show the inhibiting effect of
the surface to be due mainly to reaction (k.S.).
(The area of the beam incident on the reaction
cell at N 208 mip, 4 = 3 X 107!, was approxi-
mnately ten times that at A 254 mu, 4 = 6 X 1071))
The cuarves in Fig. 1 were similarly calculated
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without change in ks/k. or ks/ks, Between the
earlier work,! Series 3, 4 = 5 X 1074, and Series
5 4 =1 X 10714, the double front window of the
reaction cell was dismantled and the remaining
inner window heated to softness.

The data of this Laboratory are, therefore, in
complete accord with an energy chain mechanism
for the photochemical decomposition of ozone in
which (1) the surface acts as an inhibitor, (2) the
chain carriers, oxygen atoms and excited oxygen
molecules, have an average lifetime of the same
order of magnitude as the time between collisions
at our pressures and temperatures, and (3) the
chain propagating reactions have a positive en-
ergy of activation (ks/kp is less than unity).

The author is most grateful to Professor George
Shannon Forbes for supplying the materials, ap-
paratus and facilities of his laboratory for this
research while the author was associated with
him in the pursuit of other problems in photo-
chemistry.

Summary

Initially pure dry ozone at 177 and 390 mm,
was photolyzed at A\ 208, 254 and 313 mpu to
complete decomposition.

Quantum yields, ¢, referred to ozone molecules
decomposed per quantum absorbed, were found
approximately equivalent at 208 and 313 muy.

NEeLsoN K. RICHTMYER AND C. S, HUDsON

Vol, 57

The ten-degree temperature coefficient for the
photolysis was found to be 1.15 = 0.02 over the
range 0 to 60° after ¢ was corrected for the dark
reaction between pressure readings before and
after photolysis. The coefficient is apparently
independent of the mole fraction of ozone in oxy-
gen and of the tetmperature interval, even when
the dark rate was 209, of the total decomposition.
In no case was there an observable after effect.

The ten-degree temperature coefficient for the
dark rate over the range 20 to 60° was found to be
3 = 0.1 for small mole fractions of ozone in oxy-
gen.

Within the limits of experimental error, plots
of 1/¢ against po,(po, + po,)/Po, fall on smooth
curves for which 1/¢ increases with this ratio.
The decrease in ¢ with increase in light intensity
and extinction kpg, as it varies with wave length
at A\ 208, 254 and 280 myu is secondary. At
X 313 mu no such dependence of ¢ upon light
intensity was observable.

Results, ¢g.x, > 4 at all wave lengths, are
quantitatively accounted for by the mechanism
Os + v —> Oy + O; O + 0; —= 20,'; O +
O+ M—>0+M; O+S5S— 1,0+ S;
0Oy 4+ 03— 20, + 0; O’ + M — 0, + M,
where M is any energy acceptor including the
surface, S.

CAMBRIDGE, MASS. RECEIVED JANUARY 9, 1935
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The Rearrangement of Sugar Acetates by Aluminum Chloride.

Further Studies on

Neolactose and 4-Altrose!

By NeLsoN K. RicHTMYER AND C. S. HubsoN

In 1926, Kunz and Hudson,? by the action of
aluminum chloride on a chloroform solution of
lactose octaacetate, obtained the acetochloro de-
rivative of a new disaccharide which they named
neolactose. From acetochloroneolactose they
prepared the neolactose o- and B-octaacetate;
the free sugar was obtained in sirupy form by
deacetylation of the a-octaacetate, and the
equilibrium specific rotation® of neolactose in

(1) Publication authorized by the Surgeon General, U. S. Public
Health Service, Presented in part before the Division of Organic
Chemistry at the New York Meeting of the American Chemical
Society, April 22, 1935,

(2) XKunz and Hudson, THis JOURNAL, 48, 1978, 2435 (1928).

(3) Throughout the article the rotations are specific rotations at
20° for sodium light.

water was found to be approximately +35°.
The structure of neolactose as d-galactosido-d-
altrose was established by acid hydrolysis of the
disaccharide and of its oxidation product, neo-
lactobionic acid; the d-galactose was readily iso-
lated in crystalline form, while the sirupy d-
altrose portion was identified (1) through its
phenylosazone, (2) through the brucine salt of
d-altronic acid, and (3) by nitric acid oxidation
to crystalline d-talomucic acid. It was found
that the equimolecular mixture of d-galactose and
d-altrose that results from the acid hydrolysis of
neolactose rotates —8.95° in water, from which
it follows, since d-galactose shows +80°, that the



