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Tlie use of the figure 2 0 0  instead of 2 2 8  as the iodine figure of rosin by 
his method will result in giving the true percentage of rosin with a little 
yeater  accuracl- i i i  most cases ; we believe, however. that  in  order to 
;uard against the rather remote possibility that  the use of the figure 200 

night give n percentage of rosin slightly too high,  it is better policy to 
.ise the figure 2 2 s .  
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Tlie problem of the action of peroxides upon solutions of formaldehyde 
has been left in a rather unsettled condition. T h e  present research has  
for i ts  purpose the clearing up of this question. TT7hile experimenting 
tipon the oxidation of formaldehyde it was believed that by using bariuni 
peroxide there niiglit result mutual oxidation and reduction with the 
production of barium formate. Upon looking u p  the literature of the 
subject the  writer found that  Geisow' believes to have obtained onlp 
barium carbonate and hydrogen from the interaction of these t v o  sub- 
stances. H e  sal's he was unable to detect formic acid as an intermediate 
product either in neutral or acid solution. Geisow gives the following 
reaction : 

HCHO -+ BaO, = BaCO,, -- H,. 
So far as the writer can ascertain, this work has neither been confirmed 

nor disproved by other writers. 
For  a numher of reasons this reaction does not seem probable. I n  the 

first place, acetaldehyde forms a hard resin with bari.um peroxide, no 
methane being evolved. If there were such an easy direct removal of the 
carbonyl group one n~ould not expect a resin to be formed. Geisow states 
that  the dioxides of lead and niaugatiese acting upon formaldeh~de  in 
neutral solution produce formates and hydrogen. I t  is known that 
uranium peroxide acting upon formaldehyde in neutral solution produces 
uranyl formate and hydrogen. 

PbO, + z H C H O  = (HCOO), Pb -- H,. 
LO, + 2HCHO = (HCOO), UO, + H,. 

upon formaldehyde according to the following equation' : 
2HCHO + z S a O H  + H,O, = 2HCOONa + H?+ 2H,O, 

(incold),  from which it would follow that  the reaction with sodium 
peroxide and sufficiently dilute formaldehyde would he : 

2HCHO 4- Na,O, = ZHCOONa + H,. 

In alkalitle solutions i t  has been shown that hydrogen peroxide acts 

If 30 per cent. formalin be dropped upon sodium peroxide, there is, 
Geisow, Ber., 37, 515. 
Blank and  Finkenbeiner,  Ber., 31, 2979. 



evitleiitly, a reductioii to metallic sodiuni with explosi1.e !.ioleiice, 
the sodium then liuriis with the c!iaracteristic l ln i i i e .  

2fICI-IO 4- Sa,O,=- Sal -L .CO1 - - - I I I .  
I t  is seen tiiat in alkaliiic solutioii ioriiiic acid after being produced, is 

fixed by tlie excess of  base, aiid is apparently not  furtiier attacked i i i  the 
priiiiu y reaction. I t  shoi1:d io!lo\\ that  i f  bariuiii peroxide were used the 

tioil should be approsiiiiately RS fr;l!ows : 
211CIIO {- I3a(Il .- .-  ( I ICOO) ,  Ha - H,. 

Iii acid S O ~ U -  

tioiis !ierosides iiivaria!ily give carbcii dioxide and llydrogen, or ii'ater 
:IS osidatioii products. 

Siiice, strictly speaking, it is impossible i u  viork lvith iiariuni peroxide 
in neutral solutioiis. because of its slow deconiposition, even i n  colt1 xa te r .  
tlie case redlice..: itseif to the action of a peroxide tipoil forriialdeli!.de i n  
:iIka!iiie solution. T h e  only way i t  Seeiiis possible that  carbon dioxide 
C a l i  rvsult is by usiiig free acid. iyliicli of cotirstl i\Jolt!d chaiige the case 
10 that  of the actioii of a peroxide in acid solution. The fact that  the 
ivriter finds barium formate is produced by tlie action of Imriuiii peroxide 
iiimn formaldehyde makes i t  certain that the reactioii is not so siliiplc as 

Geisow believes it to be. The  lvriter c.;iiiiiot see Iiow Geisow oblaiuetl 
Ii!.dr.ogen to the cxteiit of 9s. I,; per ceiit. of tlie tlieoreticnl amount tie- 

,, I his does iiot agree ivitli (;eison.'s ,stateineiit of the c::ise. 

maiided by the equ R t '  lO!1 ' 

IIL'IIO - , ~  €330, = RaCO,; -. 13:. 
r *  I here is a t  the most oiily a very sinall aniouiit of bariuiii carbonate 

prodiicetl, aiid that heeiiis to 1)e ciiiefly due to the action of atmospheric 
carboii dioxide upon the niisture.  Xiiy evidence as to a difference be- 
twc-c!i barium peroxide as a true ' '  peroxitle ' '  and manganese dioxide as 
n t rue ' '  dioxide," ivliich Gei+on seeks to bring forward is unsound, a s  it  
is based ~ipoii  evidently false results. 13ariuiii peroxide produces foriiiste 
just as do tlir dioxides of lent1 aiid iiiangaiicse, :iiid so far a <  its action 
upoii formaldehyde is coiicerued, may possess a structure identical witli 
that  of iiiariganese dioxide. 

I n  the experiineiital work the writer lias used pure bariuiii peroxide 
prepared froiii hydrogeri peroxide arid recrystallized barium hydroxide. 
The  formaldehyde was in some cases prepared from paraformaldehyde, 
aiid x a s  i n  others the  best commercial formaliri carefally staudardized by 
the Hayn.ood-Siiiith modification of the Blank-Finkenbeiner method'. 

T h e  strength of aldehyde is given in per cent. by volume. 

.A few cubic centiiiieters of 3 per cent. formaldehyde were put upon a 
T h e  peroxide was in 

The hard cake finally produced after violent effervescence, n'a s 

RX PE K I fil I1 KT.1 L PA KT, 

large mass of barium peroxide aiid allowed to  act. 
excess. 

' Ha!wmod-Siiiitl!, Thi. , T ~ ~ l l . t i : l l ,  27. I iS3, 
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taken up  with water and nearly all went in solution. T h e  solution 
wa5 treated with carbon dioxide, boiled, filtered, and evaporated to a 
small volume. A few drops of silver nitrate solntion then produced a 
white crystalline precipitate of silver formate which soon turned dark in 
the l ight,  depositing black, amorphous silver. This  is characteristic of 
silver formate. 

2 0  g .  of barium peroxide were treated gradually with 40 cc. of neutral 
35 per cent. formaldehyde. After the action had ceased there was an 
excess of aldehyde. T h e  mixture was allowed to stand half an hour with 
occasional shaking, so as  to use u p  all the peroxide. Water was added, 
and nearly all the original mass went into solutiou. The  solution was 
alkaline, owing to the reduction of some peroxide to barium oxide by the 
action of water and the nascent hydrogen evolved. T h e  barium hydroxide 
was removed by treating the hot solution with carbon dioxide and filter- 
ing. Upon evaporation, over 2 0  g. of barium formate were recovered in 
excellent white crystals, with a very slight odor of formaldehyde, which 
was removed by again dissolving and evaporating down with frequent 
additions of alcohol, 

Bnrizoii Fovmate and  Hydrogel2 produced, -10.88 gr .  barium peroxide 
and 30 cc. water were treated in a flask with gradual additions, during 
three minutes, of 30 cc. of 3 j  per cent. formaldehyde solution (excess). 
T h e  temperature was kept a t  20O-25' by cooling in water. 1202 cc. 
(reduced) of hydrogen, corresponding too .  1077 g . ,  xere collected. From 
the solution after filtering off a very small precipitate of barium carbonate, 
little carbonate could be thrown down with carbon dioxide, showing that 
not much reduction by the action of water aiid of hydrogen had taken 
place. 14.3 g. barium formate were recovered from the solution. T h e  salt 
was perfectly crystalline. Analysis showed i t  to be nearly pure barium 
formate (Ba = 60. I per cent.) .  Solutions of the salt gave the characteristic 
test with silver nitrate solution ; also, treated with dilute sulphuric acid 
and warmed, it gave a stroilg odor of formic acid. 

Bv Geisow's reaction, H C H O  + BaO, - BaCO, + H,, or by the follow- 
ing one, 2HCHO 1 BaO, = (HCOO),  Ba - -  H,, 10.88 g. barium peroxide 
would set free about 0.1284 g. of hydrogen. I t  is evident that  about 
200 cc. of the gas disappeared in some way. This  may be due either to 
oxidation of some hydrogen while in the nascent condition, or to  other 
reactions taking place which do not liberate hydrogen. However, the 
rough agreement of the yields 14.3 g. barium formate and 0.1077 g. 
hydrogen with the theoretical figures 14.6 g. and 0.1284 g. respectively, 
makes i t  certain that  the greater portion of the reaction takes the form of 

2HCHO + BaO, = (HCOO), Ba + H,, 
and that  under the conditions, only a small amount of barium is con- 
verted into any other form than formate. T h e  amounts of formate aiid 
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hydrogen obtained are respectively 97.9 and S 3 . g  percent. of the  theoret- 
ical demanded by tlie above equatioii, while Geisow's equation demands 
tn-ice a s  iiiucl; hydrogen. 

3,017 g. bariu:ii peroxide were treated with I O  cc. of water, and a 
sliglit excess of 20  per cent. formaldehyde. 3 . 7 2 6 2  g.  of formate n.erc 
obtained by direct Iveighirig of the crystals left iipon evaporating the 
nio!lier liquor after removing all other barium. Here 91.97 per cent. of 
tlie h r i u i i i  was cliatlged to formate. 

3.L35Y2 g. bariuni peroxide aiitl I O  cc. of water were treated with a slight 
excess of 3.7s per cent. (roliiriie) formaldehyde. After removing all 
tiariuni other than formate, there were obtained from the solution 2.941 7 
a. barium sulphate, Here go.: per cent. of the barium was converted to 
foriiiate iii the  reaction with the aldehyde. I t  is widelit that  bariuni 
foriiiate is produced either with dilute or strong formaldehyde. 

Since i n  one of the earlier experiineiits it  was evident that  there [vas 
coiisiderable loss of hydrogen. it [vas attempted to see i f  by altering the 
conditions a more quantitative yield might be o1,taiiieti. Occasioii was 
also taken to ktudy tlie effect of tiiiie upon the reaction. 

Ten  g. hariiiiii formate, and 2 j  cc. wvntcr were trerited with j cc. 37.8 
per cent. formaldehycle (not  exce The  aldel,)-de Tvas added iiistaii- 
taneously. The  temperature 
was kept down by cooliiig Kith a water-bstli. v,,: i'c. i retiwed) of Iiy- 
drogen were collected. T h e  readiiig was taken after a quarter of a11 

lio ti r . 
T h e  above experiinent was repelted except that  the aldehyde Ivas 

added slowly, in small aniounts during one-half lionr. T h e  gas was 
evolved very gradually duriiig three-quarters of aii hour.  One hour after 
the beginniiig of the experiment the reading was taken. 601 cc. i re-  
duced) of hydrogen were collected. 

.According to the experiiiieiits no appreciable quantity of hydrogen 
~ v h i c h  would be evolvecl upoii instantaneous action, is fixed as water 
during prolonged action. T h e  insolubility of the peroxide \vould not 
allow of much reduction in one hour a t  low temperatures. T h e  increased 
volunie of gas actually obtained in the second expel-iinerit is doubtless 
due to tlie increased time the peroxide was in coiitact with the water, 
thus liberating some oxygen. The  amount of oxygen was so small. 
however, that  it could not be directly measured with certaiiity, though 
there was a slight contraction with pyrogallic acid, using a j o  cc. frac- 
tion of the gas. 

I t  is evident that  the deficiency of hydrogen lieloiv the theoretical is 
dne,  not so tiiucli to the fixing of some hydrogen as water, as to reac- 
tioiis not producing hydrogen taking place along with tile priniar!, reac- 
tion. Possibly the  following takes place : 

,\lost of tlie gas canie off in two iiiiiiutes. 
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2HCHO -- 2BaO, 1 IHCOO),Ba - Ba(OH),  
601 CC. of hydrogen is equivalent to 0.  j;Sj g.. which is S j . 4  per cent. of 
that  which would theoretically be generated from the amount of aldehyde 
u-ed according to tlie reaction, 

2HCHO + BaO, = (HCOO!,Ba -+ HL, 
and only 42,:  per cent. of the ainoutit demanded by Ceisow's reaction. 

By the use of more dilute formaldehyde solution, more quantitative 
yields of hydrogen result. 

Two g. barium peroxide and I O  cc. water ivere treated in a special appar- 
atus with an instantaneous addition of j cc. of 3.78 per cent. formalde- 
hyde solution, and the iiiixture shaken from time to time. Xt  intervals, 
readings of the gas evolved were taken as shown in the table. For the 
react i on ~ 

there ivere taken the equivalent uf o.006; g. of hydrogen. 
-?HCHO + EnO, =- ( H C O O ) , B a  t H,, 

Ti.nr.. VOl. 112.  Grains H2 .iyaila',le H2, Per cent.  evolvc~l .  
I O  min .  67.S cc .  0.0060; 0.006; gr. 96.4 
20 i i i i n .  6S.o ) '  o.ooho9 96 . i  
I 1;s. 69.0 I '  0.00hIS 9s. I 

2 ,irs, 7 , ~ .  5 ' '  0.00632 101.2 
Ij hrs. -_ 1 3 . 3  0 . 0 0 6 ~ 5  107.1 

109.9 
Under the conditions employed it is seen that in from I '2 to 2 hours, 

a fairly accurate estimation of the fornialdeliyde may be niade from the  
volume of hsdrogen liberated. Geisow claims, ho-ivever, that from a 
solution of 3.7 per cent. by weight he obtained 2'7,s cc. of hydrogen per 
cc. of tlie aldehyde solution. Taking the  above two hour determination 
a,; closely approaching the theoretical for tlie reaction producing barium 
iormate, it  is seen that for one cubic centimeter 14. I cc. of gas result. 
T h e  soliltion worked n.ith. being 3, j3 per cent. by weight, is closely 
comparable to Geisow's 3.7 per cent. solution. Geisow gets,  or claims 
t o  get,  twice as much gas as seems possible to obtain. Other experi- 
ments have never failed to give only half as much gas as  was to be ex- 
pected from Geisow's reaction. Geison-'s hydrogen may have contained 
appreciable amounts of oxygeu, derived from the slow decomposition of 
the peroxide wit11 water. 

The Action of H3dr.ogeir Pwoxide z q 5 0 7 1  Fowi2nldehj~n'e.- Because of 
'Geisow's conclusions as to the action of hydrogen peroxide upon formal- 
dehyde i t  was somewhat surprising to find tha t  iiiuch free formic acid 
can be detected. This  suggested that his idea of the  mechanism of the 
reaction is not correct. H i s  equation to show the reaction is H C H O  + 
H,O, =: H,O - CO, - H,, no formic acid being produced in any stage 
of the reaction. I t  will be shown that this cannot satisfy the  require- 
men t s, 

Five cc. of a 37,s per cent. formaldehyde solution were treated with 

I; ,  hrs. G9.S " o.0o62g 99.2  

2 1  I l l ? .  _r / / . 3  0.00693 



;5fl c:. .; per ceiit. hydrogen psrosicie ioi' iieiitral re:iction. The 311I~i t ioi i  
\v:iS nvirmed fifteen minutes under a reflux coiideriser. After all d e r -  
w . w e ~ ~ c e  hac1 ceased the temperature was allowed to ris, to tiic 11oi;iiig 
poilit for fifteen miiiut.cs lorigti. 'At the end c , f  tiiis tiir;c. ail odor of for- 
1~1nltleh~~tie was goiie, aiid the odor of forniic acid II-X \.e;.:,- strotlg in  :lie 
hot solution, which IVRS also of a stro:ig f;oi:r ta,+te. The  solutio11 ivns 
tlieti titrated against c.  5 2  j iiortiial solution o i  rodiuiii liytiroside, n i t h  
p l i~ i io lp~i  t li alein, 

S ~ i  7 cc. sodium hydroxide ivere required, or 2.0696 g. formic acid 
\\.ere preseiit i t i  the solutioii. Five cc. of g j . ~  pcr cent. fornialdeli\-tle 
would give 2 . S g  g .  of acid. i i . 6  per cent. of the aldeliyde was  cliniiged 
to acitl. Only a sniall portion of the gas evolved frorii this reaction w.ns 
c~!rhori tiiositlc. for very little precipitate 1 yiveii wi th  1)nrium I i y d r o s -  
Lie wlieii the gas wn.; passed tlirougii i t  i,:t8.er, carlion dioxide appeared 
to COIIIL'  off i r i  greater :ibuntla:ice. 

/;01~~irni~r'13li~.n'E Chaii'iyrd io /?)i.1)iir Acid bj ,  .i Ptr i i - i i  t ,  f[i~di.o~geii J't.1.- 

@.x id r . -~ j  ( c .  of 37.8 per ct-lit. formaldehyde ant1 50  cc. of 3 per ceiit. 
liydrogvii peroxide ( I O  cc. at  a time! were boiled uticler a reflax contlen- 
wr un t i l  no odor of aldehyde ivxs detected. ?'lie free acid was tlieii 
neutralized with sodium hydroxide. 3.4 g, of sodium formate were 
recovered. I .S9 g. of  the 
nldeli!.de were taken, coiisequeiitly 79.36 per ceiit. of it \vas oxidized to 
free acitl. That  tlie residue was sodium formate is proven by the fact 
that  the solution gave colorless crystal.; of silver formate, wliicli quickly 
decomposed to silver 011 exposure to light. Also Lvlieii tlie residue Tvas 
heated for a time a t  joo', and then dissolved in water, barium hydroxide 
gave a rvhitc precipitate of barium oxalate insoluble i n  excess of dilute 
11 ydrocliloric acid. 

Since formic acid is produced in large quantities by the  action of h y -  
drogen peroxide upon formaldehyde, it \vas thought that  this should be 
borne out by analysis of different fractions of the gas given off. .An 
apparatus was fitted up  f n r  collecting the  gases in fractions, so that they 
cou!d be transferred to a Hempel gas burette for analysis. 

Five cc. of 3. I j per cent. formaldehyde were treated in the special 
apparatus with 35 cc. of 3 per cent. hydrogen peroxide solution, tlie 
temperature being kept at  80'. T h e  gases were collected in consecu- 
tive fractions and analyzed. 

This i5 eqiiivalent to I .  j grams of aitleli)-de. 

b h c -  'I':iiie col- Total I'er ceiit.  1,. volume. 
tio:i. iectiiig. cc. co,. 0:. Ir:. CIC):. O?, Hi. 

I 20 i n in .  30.0 3,s 9.6 16.6 12.6j 31.97 j j . 3 S  
2 35 2 1 . 2  11 .2  l 0 . j  g . j  ;5,S4 33.60 30.56 
~; j u r ,  24.1 1 1 . 2  S.9 4.3 4 j . S I  36.40 iT.j9 
4 1>4 lirs, 29.6 14.1 12 .5  3.0 47.55 ~ 2 . 2 . j  I ( J . I ~  * .14 ' 1  36.6 11.6 23.9 I . ?  31.6; 64.97 3 . 2 s  

9.5 2 ~ i , , j  0.9  26. .ki  ;o .h9  2 . 5 0  

Tota!s, i k ; , j  61.4 90,s .;j,,i 3 2 , ; '  jS.3: iS .or  
_ _  __ ~ - __ __ __ 35.9 2 5 "  
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After  the experiment 25 cc. more hydrogen peroxide were added to the 
aldehyde, and a subsequent fraction collected inside of one-half hour 
contained 2.8 cc. of carbon dioxide, showing that  the formic acid was 
still not all oxidized. T h e  increase in the percentage of oxygen in success- 
ive fractions is due to  the increased time during which the peroxide is 
undergoing decomposition, while the hydrogen soon falls off, as the 
aldehyde disappears. 

0.1575 g. of the aldehyde should give 0.231 g. carbon dioxide, or 117.2 
cc. Only 58 cc. (reduced) were collected, showing that  only 50 per cent. 
of the formic acid had been oxidized. I n  dilute solutions formic acid is 
only slowly affected by weak hydrogen peroxide. T h e  sudden stop in 
the evolution of hydrogen after the fourth fraction shows that the alde- 
hyde had practically all been converted iuto some other product by that  
time. 

Geisow claims to have obtained a quautitative yield of hydrogen accord- 
ing to the equation : 

H C H O  + H,O, = H, i- CO, + H,O. 
In this experiment, us ing  30 per cent. peroxide and 3.7 per cent. ( b y  

weight) aldehyde] he was unable to detect the presence of formic acid. 
T h e  above equation calls for equal volumes of hydrogen and of carbon 
dioxide. T h e  fact that  the evolution of hydrogen ceases before half the 
carbon is oxidized, and that the quantity is so small, shows that Geisow’s 
idea of the reaction is incorrect. T h e  experiments bear out the writer’s 
opinion that  several reactions are proceeding siniultaneously. If formic 
acid is produced as an intermediate product, the following equations 
explain well the phenomena observed : 

z H C H O  + H,O, = 2HCOOH + H,. 
T h e  above reaction predominating in the first part of the process, is 

later followed by- 
2HCOOH + 2H,O, = 2H,O + 2C0, + 2H,O. 

Carbon dioxide is evolved only as formic acid is produced and oxidized, 
not immediately] as by Geisow’s reaction. There seems also to be a 
reaction as  follows : 

H C H O  + H,O, = HCOOH + H,O. 
Also it is probable that  considerable of the peroxide is reduced by the 

nascent hydrogen, for the yield of this gas is much too low for the 
amount of carbon dioxide coming off. T h e  above two principal equations 
may be combined into an empirical one demanding a t  least twice as  
much carbon dioxide as  hydrogen. 

Since formic acid is produced as an intermediate product, the hydrogen 
2HCHO + 3H,O, = 2C0, + H, + 4H,O. 

3 
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must come from the aldehyde, half the hydrogen from each of two mole- 
cules coming off simultaneously. 

H H 

H-C=O , O H  ~ HO-C-0 
H-C-0 7-  HO-C-0 + H, .~ 

O H  
H H 

Since by the action of 30 per cent. hydrogen peroxide upon dilute forni- 
aldehyde, Geisow claitns to have obtained a theoretical yield of hydrogen 
for his equation, it was thought desirable to repeat his experiment as 
near as his meagre description would allow. First ,  however, it was de- 
sirable to see if strong peroxide would produce any  formic acid. 

Aldehyde Coizverted to I;ormic A d  by 30 per c m t .  Hjid?,ogen Peroxide. 
-j cc. 37.8 per cent. of formaldehyde and 15 cc. of water were treated 
with 20 cc. of 30 per cent. hydrogen peroxide for fifteen minutes 
under a reflux condenser at boiling temperature. A t  the end of this time 
there was a very strong odor of formic acid and no odor of the aldehyde. 
Titration with standard alkali showed the presence of 1.7557 g. formic 
acid. Since the theoretical yield is 2 . 8 9  g. ,  it follows that 60.7 per cent. of 
the aldehyde was changed to acid. 

T h e  gases evolved in another experiment with strong peroxide were 
analyzed in successive fractions. I n  the experiment it was attempted to 
adhere to conditions like those described in one of Geisow's experiments. 

Five cc. 3.78 per cent. formaldehyde (3.53 per cent. by weight) were 
added to I j  cc. water, and placed in the apparatus previously used. 
2 0  cc. 30 per cent, hydrogen peroxide were added, and fractions taken 
as follows, and analyzed. KO carbon monoxide was detected. 

I 

2 

3 
4 
5 
6 
7 
S 
9 

I O  

I1 
I 2  

1 3  

14 
15 

'Ciirie. 
15 rnin. 
15 rnii i .  
75 rnin. 

2 hrs. 
4 hrs. 
5 hrs. 
5 hrs. 
5 hrs. 

15 hrs. 
15 hrs. 
3 hrs. 
4 hrs. 
4 hrs. 
4 lirs. 
1 hrs. 

ANALYSIS OF Gas FnacTroh-s. 
Temperature. Total cc. COL. O?. 

joo j j . O  1.8 52. I 

700 5 7 . 0  3.9 52.1 
4 5 O  50.9 4.4 45.4 
4 5 O  56.6 j. I 50.5 
4oo 58.2 5.3 51.8 
40' 43.6 5.4 36. I 
40° 41.0 6.2 33.0 
40° 51.6 7.8 42.6 
200  64.6 7.2 53.0 
200 62.3 7.5 50.S 
4 5 O  68.6 9.6 56.9 
45 O 44.4 S.4 35.1 
4 5 O  49.2 7.3 41.4 

46,s 6.8 40.0 4 5 O  
4.7' 45.3 7.0 38. I 

- - - 
795. I 93.7 6;S.g 

H?. 
1.1 

I .o 
1.1 

1.0 

1.1 

2. I 
1.8 

4.4 
4.0 

0.9 

1 . 2  

2. I 

0. j 

0 . 2  

0.0 

22.5 
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If the carbon in  the 0.189 g. formaldehyde used were completely 0x1- 
dized to carbon dioxide, there should be 140.6 cc. carbon dioxide. I t  is 
evident that  in seventy-two hours only a little over one-half the carbon 
has been oxidized ; also the yield of hydrogen is not nearly the theoret- 
ical amount for Geisow's reaction. There must be much hydrogen oxi- 
dized to water by the oxygen constantly evolved in the spontaneous de- 
composition of the peroxide always taking place. 

Here again, with strong hydrogen peroxide, there are uniiiistakable 
proofs of the presence of formic acid. It will be observed that  increzise 
in temperature of the reaction decreases the amount of hydrogen col- 
lected, owing probably to it5 n o r e  complete oxidation to water. Decrease 
in temperature increases the time necessary to collect fractions. Analysis 
of the fractions in this case does not show the two separate stages in the 
reactioii as  in the case with dilute hydrogen peroxide. Th i s  is dne all 
through to the fact that most of the hydrogen is undoubtedly fixed as 
water by tlie strong peroxide employed. T h e  increasing amounts of 
carbon dioxide, however, indicate greater concentration and greater 
dxomp3sitiou of formic acid as the reaction proceeds to a certain stage. 
As  formic acid disappears, the carbon dioxide falls off. 

Conclusions. 
1 .  The Reaction with Barizm Peroxide.-The reaction with barium 

peroxide proceeds chiefly only as far as  the production of barium for- 
tnate ; usually from 90 to  95 per cent. of the barium appearing in that  
form. T h e  amount of hydrogen probably does not reach such high fig- 
ures on the ai'erage. Though the reaction may be enipiricaliy shown by 
the equation, 

2HCHO + BaO, = (HCOO),Ba + H,, 
i t  is most certain that other and intermediate reactions take place. T h e  
evolutiou of hydrogen does not take place until after several seconds 
have elapsed. After the reaction has taken place, the solution is strongly 
alkaline to litmus, showing the prescnce of barium hydroxide. 
T h e  influence of an alkali upon the oxidation of formaldehyde by a per- 
oxide is always to hasten the process, as  happens in the Blank and Fink- 
enbeiner reaction. Also there is some evidence of the presence of small 
amounts of hydrogen peroxide in the solution. If the above equation 
solely represents what takes place, there could result no marked quantity 
of barium hydroxide in the short interval of a couple of minutes, if the 
temperature is kept at 20' to 25'. T h e  writer feels justified in provision- 
ally explaiiiing the reaction as follows : 

First and continually there is  a comparatively slow reaction shown by 
this equation, 

( I )  H C H O  -C BaO, + H,O = HCOOH + Ba (OH),.  
Th i s  gives free formic acid, which acts upon any barium monoxide or 
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dioxide with which i t  may come in contact. 
peroxide it liberates hydrogen peroxide. 

Then  reaction (3) liberates hydrogen. 

Coming in contact with 

(2) zHCOOH -L BaO, =I (HCOO),Ba + H,O,. 

(3)  2HCHO + H,O, = 2HCOOH + H,. 
Since the reactions take place at  the surface of the peroxide, the hydro- 

gen peroxide acts upon the aldehyde in a very concentrated condition, 
t hus  causing reactions ( 2 )  and (3) to take place much faster than ( I ) .  
Reactions ( 2 )  and ( 3 ) ,  alternating and taking place much faster than 
( I ) ,  may be combined in the form of ( 4 ) .  

This tells the story of the whole reaction almost quantitatively. HOW- 
ever, since reaction ( I )  undoubtedly takes place to some extent ,  i t  is 
evident that the yield of hydrogen, if accurately separated from any 
oxygen, can never be quite quantitative. 

2 .  The Reacfiu7z rLiilh Hydrogeir Peroxide.-The action of hydrogen 
peroxide upon formaldehyde is not as  simple as it has been credited to be. 
Formic acid is always produced as  an intermediate product, along with 
hydrogen ; then the acid may be oxidized to carbon dioxide and water. 
If all carbon dioxide and all hydrogen could be collected, the volume of 
carbon dioxide would be about twice that of the hydrogen. T h e  reac- 
tion approaches 

z H C H O  - 3H,O, = 2C0, -~ H, -T qH,O, 
with the production of formic acid as  an intermediate product, accord- 
ing to the following reaction, 

Except upon prolonged action, most of the reaction goes no farther than 
this intermediate stage. 

Since the  above work was completed, the writer has found that Kastle 
and Loevenhart' worked upon the basis of the fact that  formic acid is 
produced in the action of hydrogen peroxide upon formaldehyde. The)- 
did not realize the character of the reaction, however, for there is no 
mention made of the production of hydrogen, nor of the subsequent oxi- 
dation of formic acid to  carbon dioxide, which latter fact must appre- 
ciably affect their values for the coefficient of velocity of formation of 
formic acid from the aldehyde. 

(4)  2HCHO - - -  BaO, == (HCOO)?Ba + H,. 

2HCHO + H,O, ::- 2HCOOH -t H,. 
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T h e  antiseptic and preservatory properties of formic acid have recently 
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