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INTRODUCTION




I « INTRODUCTION

Current interest in the uses of hydrasine and
various other higher nitrogen content compounds has
prompted a more detailed study of trieminoguanidine
and its salts.

Salts of trieminoguanidine have been prepared
by the hydrezinclysis of carbon tetrachloride 1.
aminoguanidine 2, isothiourea ethers 3; dichloro-
formoxime ‘, and more recently of gusnyl aside s,

Of these methods, the firast has been attempted but

never successfully repeated; and the synthesis from
dichloroformoxime is somewhat compliceted. The re-
maining syntheses are more or less similer.

The purpose of the research reported herein was
to prepare several salts of trisminoguasnidine and to
study their charscteristies.

A study of salts of aminoguenidine® has shown
that both mono~ and di-gcid salts can be prepareqd,
1n§1nding the hro-ide,‘ohloride snd nitrate, Two
different sulfates ean also be prepared, a "normal’
sulfete and a "bisulfate”.

Resent studies of diaminogucnidino’ indicate that
di-ecid salts can easily be prepared, As with amino-
guanidlno; two 4ifferent sulfates were prepared,

(DaGH") ;S0 % ana (DaaE,**) so".
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An explanation can be given for the above
observations by noting the possible structures of
these guanidine derivatives and their unshared pairs

of electrons.

-

Aminoguanidine Dieminoguenidine
N3 HoNs
32\ . 2]

c=¥n HNg
/ \

HN3 cz¥x
| /
HZH: HT:
nzla

In esch of the above compounds the imino
nitrogen would be surrounded by the greatest
electron density dbecause of the carbon-nitrogen
'douhlo bond}j therefore, the first proton to become
attached to the moleaule would probably be held by
the imino nitrogen. After this first proton is
accepted the resulting ion would still be unsymmetrical
with regard to the groups attached to the sarbon atom.
This condition would favor the addition of another
proton giving rise to the di~acid selts and explaining
the existence of two different sulfates, (DAGH*)zsoi’
and (DaGHE*) s0,.°.

By the same reasoning, the behavior of triemino-
guenidine can be explained. A possible electronic



eonfiguration with the unshared pairs of eleetrons

is shown,
n din
Hgl\l
HNs
\
c= 'O'Bg
/
HN:
/
Hglt

As in sminoguanidine and diaminoguanidine the
first proton would probably become sttashed to the
aitrogen atom with the gresteat elestron density.
In this ease 1t would also be the nitrogen doudly
bonded to the cardbon atom. Onee a proton was
sscepted, there would be three egquivalent groups
attashed to the carbon stom. The elestronic sharge
will then bde distriduted symmetrieally over the
molecule and the mono-protonated compound would de
very stable. This delief is supported by failure
t0 prepare di-acid salts of triaminogusnidine.



BREPARATIION
QF SALTS




II « PREPARATION OF SALTS

The nitrate, chloride, and bromide salts of
triaminoguanidine were prepared according to the
method of Pelliszsari and Galter.®

/m, _ HN - NHg
c\slnoalzl‘—%c\=l-llgoeml3
X - NHp EN - NHg

A = TRIAMINOGUANILDONIUM NITRATE

Twenty-seven grams, (0.2 mole), of smineo-
guenidonium biearbonate was suspended in 250 ml.
of water., 7To this was edded slowly 18.85 ml. (0.2 mele),
of concentrated nitrie eseid, then 24 ml. of NoH, B0
(0.4 m0le) as an 85% aqueous solution,

The reaction mixture was heated to doiling for
three hours, water being added to maintain e constant
voluio $ it was then evaporated to sbout one-half its
volume on the steam dath. Upeon cooling, the solution
took on a pink solor and long needle-like orystals
formed. The material was filtered and washed with
ethancl and ether. After concentrating the filtrate
and cooling again several times, more of the product
eould be obtained. The collected frasctions were then
recrystallised from water, washed with ethanol and



dried in vacuo over porous barium oxide., The material
melted at 215° C., with decomposition, in agreement
with that of 216° C. reported by Pellissari.

The salt was snalyzed for hydrasine éontont
sccording to the empirical method developed Dby

®  When using iocdate solution

Keim, Henry end Smith,
a8 an oxidant for the snalysis of hydrazine these
workers found that 1t was necessary to sprly e
sorrection factor of 3/2.5 in order to explain their
experimental data. This fastor was used in all
hydraziﬁo analyses herein reported except as noted.
Caleculatea for trinminoguuniQoniu- nitrate:s
57.36% MNgHg
Found:  856.85% NoH,

B « TRIAMINOGUANIDONIUM BROMIDE

The bromide salt of trieminoguanidine was pre-
pared the la-o.w-y as the nitrate execept that hydro-
bromie acid was used in place of the nitrie aeecid.
Upon eooling the reaction solution the pink color
was egain developed together with similar white,
leong noodlo-llko orystals. The produst was filtered,
washed with ethanol and dried over barium oxide. The
observed melting point was 223° C., with decomposition,

rd



as sompared to 232° C. reported by Pellisszari.
This melting point, however, could not bde reaised
cpproei;bly by recrystallisations, Calculated for
trisminogusnidonium bromide:
52.0% W.H,
. 43.19% Br-
Pound 52.2% N E,
43.29% Br-

C « TRIAMINOGUANIDONIUM CHLORIDE
The chloride salt of triaminoguenidine was

prepared as desorided above for the nitrate and
bromide.
\ The product sgein was a mass of white, needle-
1ike erystals, AaAfter Arying, the salt melted with
decomposition at £223° C., compared to 251° C. as
reported by Pellissari, Recrystallisation 4id not
raise the melting point. Celsulated for triemino-
guanidonium chloride:

68.6% N-H,

£25.23% Cl
Found 68.2% NoH,

24.99¢ C©C1
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D = TRIAMINOGUANIDONIUM SULFATE

Following the precedure deseribed sbove an
attempt was lndoyto prepare trisminoguenidonium
sulfate.

One-third of a mole of aminoguanidonium bi-
carbonate was neutralised with one-third mole of |
sulfurie aciad after whiech tai edded two~thirds mole
of hydrasine hydrate. The resoction mixture was then
heated on the steam dath for a few hours. Upon
allowing the water to evaporate no erystels of any
kind eould be obtained, even with eooling. Finally
e pink visecous liquid sz formed which when cooled
with en lce-salt mixture produeced s mass of micro
erystals which were filtered with difficulty. The
material was very soluble and sould be recrystallised
only from a 50% alcochol-water mixture. The produet
which still had a pinkish color was :onnd to eontain
spproximately 48% so‘z, indicating a compound of
probedly eomposition TAG.HpSOg. The actusl yield was
very small, '

When the preparation was repoatod,'tpn thiek
syrup was agsin obtained, VWith the addition of exeess
sulfuric seid, however, a white erystalline material
was formed which was easily erystallized from water,
The product was snslysed for NoHey with the value of



29.66% being obtained as sn average of several
determinations. This value was obteined by using
the factor 3/2.5 desocribed in Section II-A.

Sultufo anslyses indicated a percentage of
73.84, However, the hydraszine and sulfate content
would not ritluny theoretical, possible sealt. A
sample was then snalysed for total nitrogen and
found to econtain 22.2%." The sulfate and nitrogon
esontent indicated a salt of the compooitiou TAaosnzso‘,
which wonld'havo the following percentage composition:

Np  2l.4 %
NoH,  24.14%
so,” 72.5 %

If the factor 3/2.5 1s not used, the persentage
hydrasine is 24.83, in good sgreement with fhe cal-
eulated value. The nateriai melted with decomposi-
tion at 240° c.

After solubility dotor-inagiona hsd been com~
pleted, a marked liniinrity was noted dbetween the
percentages found for this salt and those of hydrasine
sulfete. The similarity is shown in the following
table. |

* Analysis done by Mioro-Tech Laboratories, Skokie,
Illinois.



NoHgoHpSO4 TAGe3SH,S04
Iz * 21056% 21.40’

S04 73.85 72,50 |
NoH, 24.67 24,83 (without feotor)

X-ray diffreaction patterns of the two salts
were then made. 8ince they were idemtical, it oan
be stated that the salt presumed to be triamine-
guanidonium tri-gulfate was sotually hydrasine
sulfate.

Because the hydrazine sulfate was 8o easily
precipitated on ecidification 1t was ressocned that
very little hydrasinolysis hed ocscurred. Accordingly,
when the preparetion was repeated, instead of heating
on & steam bath, the solution was boiled for one hour
with emmonie bdeing libgratod es usual in large guan-
tities, After concentrating and cooling, white
erystels could be obtained which were filtered and
washed with ethsanol snd ether, This materiasl was
analysed for EpH,, and a percentage of 52.7 was ob-
tained, using the factor of 3/2.5. Since the yleld
was small the preparation was repested end the
erystals obtained were found to eontein 52.2%¢ hydra=~
sine., A sulfate analysis of either product indigated
36.36% 80,"
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All fresctions from the tvo preparations wvere
then reorystsllised from sn approximately S0%
sleochol-water mixture. Repetition of the hydrasine
end sulfate enslyses showed no change in composition,
The percenteges indicate s compound eontaining three
TAG molecules and two H,S04 molecules or STAGe2H,SO4.
The cslculated percentages hovwever sre 56.7% N H,
and 37.78% 80,". Nitrogen snalysis showed 46,51%

nitrogan.'

Upon 4rying a sample over barium oxide at
80° C. a loss of weight, presumedbly water, was found
to be 6.25%, This latter determination indicates a
possible hydrated salt. If the triaminoguanidonium

sulfate were hydrated the calculated peresentages

would des
- Calsulated for STAG+2H,804 *2H,0 Found
NoH, 82.97% 52.23% (with
s . factor)
804 35.28% 36.32
Ng 46.28% 46,51
Ho0 6.1 £ 6.28

The presence of triaminoguanidine was verified
by treating a sample of the sulfate salt with the
saloculated eamount of barium nitrate, The barium
sulfate was removed by filtration and the filtrate

evaporated slmost to dryness, Upon cooling, long

® Analysis done by Miero-Tesh Laborstories, Skokie,
Illinois,



needle~like orystals were obtained whish hed the
charecteristis flammadility of the triaminoguanie-
donium nitrate. The x-ray diffraction pattern of
the materisl was identieal with that of the known
aitrate salt. B

If the eminoguanidine, sulfuriec aeocid, and
hydrasine mixture 1is heated at reflux tomporgtnro
for eighteen hours a white erystalline msteriel cen
de isolated vhich is 51.8% hydrasine, using the
factor. This material, however, 4ces not sprear
to have any sulfate present,

The 8chotte method of prepuation was then
tried, treating S-methyl, isothiourea sulfate with
the caloulated amount of hydrasine hydrate., The
reastion mixture was refluxed for three hours and
then eveperated under reduced pressure. Upon eool-
ing, e erystalline material was formed whish also
gave negative results when tested for the sulfate
ion.

Another quantity of the thiourea ether was
then treated with an excess of hydrasine and the
reastion mixture heated only one hour and then eon-
sontrated on the steam bdath, The materisl whieh
erystallised out upon scoling was found to contain
81.5% NgH,. A portion of this material was



resrystallised from a slowly evaporated water solu-
tion. The erystals odbtained by this methed were
found to ocontain 52.86% hydrasine, with the festor,
indieating sgein the compound 3TAQ~LHo804° 2H,0.

By treating a weighed quantity of this salt with
darium nitrate, filtering the darium sulfate, and
then evaporsting, triaminogusanidonium nitrate was
prodused, 7This was agein verified dy the x-ray
diffrastion pattern,

From the above series of preparations a number
of samples of small yleld were obtained. BREach sample
hed et least 525 hydrasine and seme detectadle sul-
fate. These preparations were e¢ombined and dissolved
in s small volume of water and the selution allowed
to evaporate slowly, Crystals were formed which
sould easily be removed, washed and dried, Titration
with 1odate indicated a percentage hydrasine of 52.34.
Further concentration of the filtrate again produced
large crystals which sontained 52,23% hydrasine.

X-ray diffraction patterns of these recrystal-
lised fractions were identical with the pattermn
obtained from the first salt of somposition
STAG. mgso 4 H 00

Triaminoguenidonium sulfate sppears to lose its
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water of erystallisaticn when heated to 90-98° C.
The materigl them desomposed when heated to 145-180° C.
After dehydration a sample of the sulfate salt melted
with desomposition in the range of 150-1885° C,

Attempts were also made to prepare triamine-
guanidonium sulfate, using the doudble decomposition
resstion of silver sulfate with triuil;osuanidouun
bromide. Firat, a hot suspeasion of silver sulfate
wvas added to a warm selution of the dromide salt,
There was a violent evolution of gas and the mixture
bubdled over the sides of the besker. When the
reaction hed sudsided, | evidense eeuld de seen of
silver redustion. After several hours the beaker
was coated with e silver amirror.

The resction was then run in the eold with the
silver sulfate deing edded to a ¢0ld solution of the
bromide salt. The slurry was thea stirred three
hours at the end of which time the precipitate had
turned sompletely black. The mixture was then
filtered asnd upon concentrating and sooling the
filtrate a mass of white erystals was obtained,
These were found to sontein 804 hydrasine, but only
3% sulfate, The x-ray diffrsction pattern for this
n‘ntorinl was identicel with that of the original
bromide salt. The resction evidently hed taken
place to only a slight extent,






IIX -« PROFERTIES

A = Solubility Determinations

l. Experimental Prosedure

In order to determine the soludbilities of
the triaminogusnidonium salts, saturated solutions
were prepared in all-glass system fitted with o
stirrer, thermometer, and an exit port for withe-
drawal of samples end the addition of water, as
needed, All Joints vere ground glass.

The solubility samples were suspended in a
water bath mainteined st constant temperature, with-
in 0.2° C., by a meroury regulator switech and en
electronie relay.

After sufficient time for equilidbrium to be
attained, at least three hours at the desired tempers-
ture, a sample of the saturated solution was with-
drawn, pleced in a tared 100 ml, volumetric flask end
weighed. In all cases exscess solute was present,
After diluting to the mark, aliquots were snalysed
for either snion or eation content, From the data
thus obtained, the soludility of the salt was easily
¢alculated and expressed as grams of salt per 100 g.

of solvent.



2. Triaminoguanidonium Chloride and dbromide

In determining the soludbilities of these salts
the aliquots were snalyzed for halide content.
Anslysis for N H,wes not done in order to eliminate
using the factor desoribed in Section II-A. Titre-
tions using silver nitrate and an absorption indiea-
tor were not suscessful in that a definite end-point
eould not be observed, The Mohr titration was then
tried but the triaminoguanidine was evidently oxidised
by the dichromate ion and egain no end-point eoculd de
obtained. In the Volherd method, the sample solution
slowly became eolored long before the end-point,

The method finally used to deteramine the anion
concentration, from which the solubilities were cal-
sulsted, was a potentiometrie precipitation titratien,
using a Cenco line-operated pH meter, with a platinmua
and e silver, silver-chloride elestrode. Potentisl
measurements were taken im the usuasl msnner, titrating
with silver nitrate.soclution., Plots were then made of
AR/ml in order to get the well kmown, maximum Aiffer-
ential curvi, The silver nitrate solution which vas
used had been previously standardiszed sjeinst C.P.
sodium chloride, using the potentiometrie method.

The results sre 1listed in Tables I end II, and
graphicsally in Figure I.
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TABLE I
Solubility of triamimnoguanidonium bromide in water
Grams of TAG:HB»

Temperature C° per 100 g. water
16.0 4.37
21,7 8.81
30.1 7.63
39.7 10.7¢
485.8 13.48
80.0 15.48
7.0 19.80
6l.8 28.79
TABLE 11

Solubility of triaminogusnidonium shloride in water
Grams of TAG.HEC1

Temperature C° per 100 g. water
190.0 8.8
22,8 9.87
£6.0 10.10
28.9 11.69
36.0 14,83
40.%7 16.61
46.0 18.8%
47.0 190.56
50,0 21.08
63.0 22,71
53.8 23,23

60.0 26,86
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3. Triaminogusnidonium nitrate

In determining the soludility of the nitrate
salt, the aliquots were analyszed for hydrasine con-
tent aecording to the method described in 8°ot10p
II-A. The potassium 1odate solution was prepared
from C.P, potassium 1odate and standardised sgainst
hydrasine sulfate which had been doubly recrystal-
lised. The results are shown in Tadble III and

Figure 1.

TABLE III
8olubility of trisminoguanidonium nitrate in wntbr
Orams of TAG-HNOg

Temperature C° per 100 g. water

18.1 8,68
21.8 12,34
25,9 14.8

30.1 18.13
35.1 23,92
40.0 30.66
45,0 39.43
47.6 44,61

80.0 80.98
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(. Hydresine Sulfate

As mentioned in Section II-D, the solubility
of a salt delieved to be triaminoguenidonium sul-
fate was determined for water and 1,008 normal sul-
furie e0id solution. This salt was proven to be
hydraszine sulfate. The solubility data was recsl-
culated on this basis with the results bdeing listed
in Teble 1V end shown graphically 4in Figure II.

The solubdilities of hydrazine sulfate in water
agree with those reported in thoblitoratnre.lo

TABLE IV
Solubilities of Hydrasine Sulfate

Tempera- Grams per . Tempera- Grams per -
ture C© 100 g HgO ture C® 100 g scid
21,89 3.08 18,89 . 0.87
25.1 S.42 21.3 0.92
30.1 3.94 23.5 1.06
34.6 4.60 27.8 l.11
38.9 8.08 28,8 1.21
42.8 B.57 31.0 1.38
4.8 6.49 34.3 1.65
49.8 6.83 36.0 1.69
52.8 7.38 S7.7 1.90
54.1 . 7.68 58.8 1.95
58.3 8.67 41.3 2.20
6l.2 9.39 43.6 2.50
64.0 10.04 : 45.7 2.62
48.8 2,99
51.6 S.32
83.7 3.61
87.9 4.54
61,0 5,08
64,0 5,74

66.9 6.22



FIGURE II

SOLUBILITY OF HYDRAZINE SULFATE

Upper Curve - Water

Lower Curve - 1,008 N H2804
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B = X-ray Diffraction Studies

For purposes of identification, x-ray diffrsction
patterns of the powdered salts were made, Because of
the eomplex nature of the patterns no attempt was
made to determine the specifie structures of the
produsts., The diagrams were used only for comparative
purposes,

The patterns vere made on a North Americean Philips
instrument, using Cu, K. radiation and a N1 filter.
Cameras of a 114,69 am, diameter were used. Exposure
nl;l were four hours easch, using 35,000 volts end 18
milliamps. |

The ten most prominent lines together with their
relative intensities are listed in the following tedles
for each salt. The "4" distance for the Bragg equation
was determined from a previocusly prepared graph.

TABLE V 4
TRIAKINOGUANIDONIUM NITRATE

Intensity "av
W, 7.18
Ve 6.4 4
Vo ko 5,62
VoW, - 417
M. S.78
vV.8. 3,30
Se 3.09
We 2.98

\'v. 2. 88
W, 2.74
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TABLE VI

TRIAMINOGUANIDORIUM CHLORIDE

TAGHC)
Intensity

TABLE VII

udn

6.62
8.16
4.48
.72
Se24
3.13
2,90
2.40
2.30
1.688

TRIAXINOGUANIDONIUM BROMIDE

TAGe HBr
Intensity

TABLE VIII

nae

4.88
4.06
3.38
3.16
2.96
2.48
2.36
.31
1.78
1.64

TRIAMINOGUANIDONIUM SULFATE

3TAG* 2H 804 RH0
Intensity

'ﬂ'

8.54
8.64
8.28
8.08
4.75
4.56
4.40
4.18
S.66
3. 27



C -« 8tudy of Di-Asid Salts

8ince di-ecid salts of aminoguanidine snd
diaminoguanidine san de prepared it was assumed
-that multi-protonated salts of trisminoguanidine
eould also de prepared.

l. Prepsration

The procedure for the preparation was the same
as previously descoribed in Section II-4A, exeept that
an oxtra mole of the desired scid was added. The
material subsequently obtained by evaporation and
cooling was very similar to the mono-ecid salts. For
quick identifiecation, x-ray diffraction patterns
were made. The patterns of the supposed di-scid
salts were in each case identical with those of the
mono~acid salts.

During an investigation of arsenic-organic com=
ponndn’, August Albert in Germany reported the prep-
aration of materials eontaining a C%0 group, not in
a ring, by condensation with ocompounds conteining
several hydrasine groups. One of these compounds was
reportedly trisminogusnidonium dinitrate., No refer-
ence, hovever, is made to the preparation of the

triaminoguenidine salt.
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2. DNeutralisation Curves

Tenth-molar aointionl of the mono-scid and
supposedly di-acld salts of triaminoguanidine were
prepared, Ten milliliter samples in 100 ml, of
vater were then titrated with 0,0881 N. NaOH solu~
-tion, The changes in pH were followed by a line-
operated Cenco Titration pH Meter, using a saturated
calomel end glass électrode. These shanges were
plotted as usual and from the plot of pH versus
volume of slkali it is evident that the mono-acia
salts had no titratadble proton., It is also evident
that the di-acid salts were actuslly mono-aseid,

Ten milliliters of tenth-molar trisminogueni-
donium sulfate were aslso diluted with 100 ml, of
water and then titrated with 6.1 N sodium hydroxide.
The resulting surve has the appearsnce of a buffering
setion, This might be expected since the trismino~
guanidonium fon TAGH.'" would sct as & weak scid.
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IV « DISCUSSION

The nitrate, chloride and bromide salts of
triaminoguanidine ¢an de oan{ly prepared by the
hydrasinolysis of sminoguanidine. These salts are
stable in water or scid solutions, Only the mono-
protonated salts eould be prepared and titrations
with base indicate that the salts do not act as
“e01ds" in water solution,

The difficulties and resctions emcountered in
preparing trisminogusnidonium sulfate vwere described
in Section 1149. These diffisculties require some
explanation. The sulfate salt finally isolated
hed the somposition STAG.2Hp804¢2H,0;, 1f a solution
of this material is scidified with sulfuric sciad
hydresine sulfate is formed end precipitates in
white erystals which are easily filtered. Evapores-
tion and ecoling of the filtrate produces a '
orystalline material which can be identified as
sminoguanidonium sulfate. 7This reesction might be
expressed as an equilidbrium as shown boléw:

QAGRESO‘ 4 AN H, ——— 2(Ta0 3280‘) + 4NH,

- 1]

(TAG)z 3280‘ + 3280‘



Thus crystalligation of an equimolar mixture
of the two different salts would produce a msterial
which upon anslysis would egree with a eompound
of composition STAG*2HoS04°2H-0. Addition of base
would then favor formation of the eompound (TAG)oHoSO4,
liberating in the process one mole of sulfurie escid.
A solution of the salt 3TAG'232804~2320 would then be
expected to be acidic and this is sctually the cese.
4 hundredth-molsr solution has a pH of six and titration
with base (sodium hydroxide) indicates neutralisation
at a moler ratio of tvwo moles base/one mole salt, as
would slso be expested. The low melting point of the
trieminogusnidonium sulfate slso indicates that the
material 1s prodadly not a pure eompound,

The pH of a trieminoguanidonium sulfate solution
can be considered as due to the following dissociation:

TAGHy'* — Taoh’ + B¥

Choosing three different points on the titration
curve and applying the buffer equation, H* :;gf LI
glves the following results for epparent K, end pKg
of this dissoclation:

L PKy
2l x ].0..8 832
2,0 x 10~8 8,30
2.4 x 10~8 8.38
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ABUTIACT OF A TIHESI1S

by
JCHN Po OLATIA

®PHEFALATION AND CHARACLLRIZALIUN CF CALTS OF TRIALINGGUARIDINL"

Current interest in the uses of hydrazine end other high
nitrogen content sompounds hss rrompted a more detailed study
of the salts of triemincsuenidine. 7The purpose of the re-
search was to prepsare several salts of triamincgusnidine end
study their charecteristies.

The ehloride, bromride, nitrate and sulfete selts were
prepared by the hydrszinclysis of the corrénponding smino-
gusnidine salts, Trieminoguenidonium sulfate was also pre=-
pared by the hydrsgzinolysis of S-methyl isothiourees sulfate.

Solubility determinations as s funstion of tempersture
vere made of the nitrate, chloride and bromide salts in
water. The solubility of hydrasine sulfste was determined,
both in water and in one normal sulfuriec acid.

For purposes of identification, powder x-ray diffraction
ratterns were msde of the salts. The ten most prominent
lines of each pattern are listed with their relstive inten-
sities and ecorresponding "4" distances for the Bregg equatien.

attempts were maﬁo to prepare di-ecid sslts of triamino~-
ruanidine., X-rey diffraction studies and titrations with
elkall show that only the mono-ecid salts ean easily de
prepared.
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From the reacticns end proverties of trisminogusni-
donium sulfete it was ceduced that the salt isolsted
%es sctuelly aﬁ eguimolar mixture of two different com=
pounds which form an eauilibrium in neutrsl weter

solution,









