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INTRODUCT ION

Magnesium sulfate hydrate and urea are comnmon constituents of many

commercial fertilizers. A common resction between these constituents is:

CO(NHy) p + MgsOys THAO === g8y CO(NEy) y*3H0 + 4H 0

The result of the abeove resction is the foruwation of the termary
compound and excess water which combine to form a sticky mase. This sticky
mgse is very difficult to handle and sometimes causes damage to materials
with which it comes mﬁ- contact.

Seversl studies have been made in attempte to find stable ternary
compounds which aveid this problem. Diffieulties have arisen, however,
because compounds discovered in each study have not been even hinted at
in other studies. There are a number of possible explanations for this
facte

It is the purpese of thie investigation inte the ternary systems
magnesium sulfate = ures = water to try te resolve these discrepancies

and also to further investigate the ternary system.



HISTORICAL

Whittaker, Lundstorm, and Shimp(13) reported the establishwent of
the igotherm of the ternary system: magnesium sulfate - urea ~ water at
30° Cu This 1sotherm was found to consist of thres branches eorresponding

to the solid phases:
1e llgﬂg-'ﬁl@

2+ 00(RH,) 4
3¢ Vgoye 00(MMy) 550

The method employed was simples They mized solutions containing
sufficient amounts of material so as to obtain mixtures situated on the
desired portion of the solubility curve. They mention no evidence of any
solid phases other than those on their curve. A Photogopy of thelr curve,
obtained from Graham(6) is shown on page 27.

Tee ete ale(15) prepared mixtures of magnesium sulfate hydrate and
urea im methanol at 25° 0. They reported the identifications by both
cherical and erystallographic methods, of twe new ternary compounds:

14 MgdOy+500( NHy) 5e 21,0
24 MgSOye600(NH,) 5o2H0
forming erystalline solides

Orahan(6) studied this problem for a short time and econfirmed the
existence of the two termary compounds of Yee, but did net pursue hig
studies inte any relationship between the twe previous studies. He algo
reported the probable sxistence o.f ‘mthor econpound

g0y 200(1,) 28,0
not previously discovered.

A photocopy of x~ray powder pictures of the two conpounds of Yee,
taken by Graham, are shown on page 28.



MATERIALS

Cherdeally pure reagents were obtained for all work and experimental
materiale were prepared from theme

Urea was obtained im erystalline form and dried, sscording te Duval(2)
for 4 days at 110° Cu to remove any adsorbed waters The resulting erystals
were then powdered for ease of hendling and stored over caleium ehlorides

Magnesium sulfate was obtained in the form of the hydrate, Wvﬂt%
For accurats and meaningful work, it was necessary to determime the anount
of molecularly bound water in this compound. Again aceerding to puval(2)
. the material wes heated for 4 days at 450% 0. to resove all the water of
isrﬁhlliutiom The mumber of moles of water om each NgOy m}nulc vas

ealeulated as followst

sample nurber 1 2 3 4
hydrate weight  ha25gn 4388 gm  3SATA g 41926 gm
anhydrous weight 20819 gu 241682 gm 14706 gn 20703 gm
ratio of anhydrous t 0 J4ohl 9-”” 00*95. 00‘957
to hydrate : ’
molosular welght of 243451 243,95 oh3.99 243,85
hydrate s | iy
molegular weight of 123412 123456 123462 123.46
water in hydrate ‘ '
moles of water 6483 6486 6486 6485

The average of these values is 6485H 0+ Letting y = % g0y 7THP:
y) + 1(1=y) = 6.85
Tr+1=y=6:8
¥ = 0:975 = 9745 % Vgs0) «THL
245 % HgsOye HP



TION

The mixtures corresponding te the phase dlagram of Vhitteker,
lundstorm, and Shimp(13) were Prepared by mixing avounts of magnesium
sulfate hydrate, urea, and water in such amounts as to fall within the
boundary curves These ssnples were mumbered from 1M to 24M. The amounts
of the various gompounds were ecaleulatad as follows, using sample 1M ae

an examplet
total saumple weight welight of Kgﬁg‘ﬁbaﬂlf weight of W(lﬁlz)a
%9272 g 2.8076 gmn 00397 gun

The ratio of the meleeular weights of MgsOy and MgS0y+6.85H0 is foundt

Mgs0y g? 37 |
- - 00#’9
MgS04°6.435H0 378 "

and the weight of Ngd0y = 0449376 x weight of Mgs0),-6.85HL0 so thats

total sample weight welght of MgsOy welight of co(m,)z

3+9272 gm 143863 gm . 040397 gn

The percentage couposition by weight is found:

100(143863/349272) = 35430 % Mgs0y

100(0.0397/549272) = 1.01 % 00(NHy) o

100400 = 35.30 = 1,01 = 63,69 % HP
This caloulation wee adapted te a digital couputer by means of the progrem

shown on page 19 for accuracy and speed of caloulgtion.
| All gamples were maintained in a eonstant-temperature water bath
at 70° C. for several days and alloyed to come to squilibrium.



The compounds of Yee et. als(15) were prepared according to the
methed used by them; ae ‘followﬂ

For the preparation of w‘-see(mz)a-a!e ' |
Put 1 gram of powdered MgSOy-THL into & 9 em. erystallizing dish or a 50 ml.
round-bottoned flask and add 20 ml of methanol. Them add 2.5 grams of
Povdered urea and stir gently to dissolve the components. Place in a vater
bath at 30° ¢, until erystals form. These samples were mumbered SHe1 to SH-d.

For the preparation of MgsOye600(NH,) po2H0 1
Put 2 grams of povdered Mg20,¢7H,0 into a 9 em. erystallization dish or a
50 uls round-bottoned flack and add 25 nls of methamol. Then add & grems of
powdered urea end stir gently as befores Place in a water bath at 25° 0.
until eryetals forme Actually, these sazples were placed in a ° 0s water
bath for conveniemce and consistencys These samples were musbered 6H-1 to
Elimlyy

Amounte of nagnesium sulfate hydrate added were ad justed for the
differences in vater of hydration. Composition was deternined by the same
technique used in the deterningtion of the eomposition of samples 1M to 2hi.

Other savples were prepared in methamol using compositionms different
from those recommended by Yee et. ale These samples were mmbered 1A to 64+
Their compogition was determined in the same fashiom as for the other sauples.
All tewperatures were maintained at 30° 0.

Compegitions of the samples are ahoin in the tuhln‘ on the follawing

Pages.



COMPOSITION OF ORIGINAL MIXTURES

sample
nunh ey

SHi=1
6He2
EH=3
GH~4

total sample weight of weight of %
weight uf:eg-&mﬁ ¢0(Hy) 5 »*
in grams grams in

and % Mgsoy and xwwa)g

3.4883 9 2.4998
1% .;’g Vi «66% ) 1"5%

(4 identical samples)

549857 19974 4.0066
16431% 66 4565 16 75%

(4 identical sauples)



sarple  total sample - weight o weight of % HP

nunh ey weight fﬂg o6 .B’M,O CO(FHy) o
in grams in
Mgs0, and fg?mg) 2
1M 3+9272 2,8076 me
35430% 1401% 63.69%
o 2.0178 143527 0,056
3% ?0‘ 2.80 6h. 10%
N 541138 2,018 0.1554 : '
32400% 4,99% 6%401%
- 5+5401 38373 043767
v 5#-30% 4 - 6.80% . 59.00%
p 3+5080 2.5861 0. 2404 -
56440% 7e11% ; 56 49%
6M 2.4989 18928 03648
37.40% 14.60% 48 ,00%
™ 2.4921 1.7160 ‘ 04473
24,004 17+95% 48.054
84 2.2774 1614 0.4047
35.00% 184654 h6.35%
oM 242904 1.6299 04044
35.00% 21.50% 43.50%
10 2.12%0 19999 0.7812
51.60% 25.00% 43.40%
1M 2.6982 1.8033% 0.7555
32,004 28,00% 39,004
19 2. 7749 149669 0.8019
35.00% 28,90% 36.10%
13K 2.4159 1.4116 0.8093 :
28.854% o 33,50% 37.65%
1“ 2-*854 1 Q,%ﬁ -90!5
27.50% i 566 30% 35.90%
15 340128 1.5254 1.2292

254008 bo.80% 34+20%



sample
numb er

164

17

184

19M

20¥M

21

2

total sample

weight

in grame

341140
3e1273
3,8806
6,5703
741969
8,1694
118918
178771

ha5515

weight of
Y o

grams
and % Mgs0y

1 565%
25.90%

1 .?6’;

1.8234
25.20%

1.,9998
15,504

1.8048
12.99%

Te
150102

17581
7+30%

17379

»

041899
2.06%

ight of
TR

(),

13732
Vitod

15480
49.50%

2.1188
5k 60%

+831
5?3,;

4.0015
55.60%

44196
54410%

72064
60+59%
61.90%

2.8528
Sanros

£ 8O

%4008
24.35%
22.20%
2k o 25¢
31.40%
34.80%
32.10%
33+20%

35+ 24%



sample total sample- weight of weight of # Hp

iy 1 6858 eo(i
b SO T o9
and § Ng®y s £ 00(NEy),
" 2.7889 0.9885 1,804
17504 55?591‘ 17.94%
24 3,0892 0. 2.1007
wfgg’s 68.00% 16.20%
34 2.4629 0,9885 14644 ‘
20.02% 59.46% 20.52%
ha 3+8059 © 0.9885 2.807%
12.95% T3:75% 15268
LT 2.1907 140001 141906
%nm 544357 23.11%
6A 2.7270 0.991%

17 '
'7:9” 650 \ 1&0‘1’
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ING TECHNIp)

The liquid phases were removed carefully from the equilibrium
mixtures by pipetting out as much liquid as possible. 4 bunch of glase-
fiber material was held to the end of the pipet by rubber bands and served
to Pilter out the solid materisls The liquid samples were transferred
directly to previously-veighed flasks and the flasks were then again
welghed to determine the weight of the sample removed,

» The solid phases were removed with a momel spatuls into a wide
mouthed flask vwhieh had been previously weighed. i‘hin flask was then velghed
again to deternine the weight of the sample reroved.

In ngny cases it was difficult to seParate the phases. Centrifuging
and filtration through glass~fiber material vas helpful in most cases. The
ususl weight of sarple wms between 0425 grams and 1.50 grams, although both
larger and smaller sanples were taken.



I attempted first to analyze the urea in the ternary compounds by
the hypobromite method. This method is based on the reaction, found in the
text by Foller(11)s

oo(mz), + NaOBr + 2NaOH —> NH,~NH, + &,w, + Mr *+ B,
nuz-me + HaOBy ~> 2laBy + ﬂzf) * '2

CO(NH,), + 2MaOBr + 2NaOH —> Nag005 + 3MaBr + 3H,0 + H, + LN
Measurement of the mitrogen gas evolved will alloy caloulation of the
amount of urea.

I attemptod to measure the amount of nitrogen gas at constant pressure
and temperature b{r means of gravimetrie deterrinatien of displaced water,
since nitrogen gas is negligibly soluble in water. I found this method rather
unsatisfactory because the resction bgtm the hypobromite and the ures
tended to go very aiowly at normal temperatures. Raising the temperature
would have resulted in a vastly larger volume of displaced water and also
inaccurate measurswents. After g long peried of time, the reamction would
seem to stop, but at this point a yield of only from 764 to 89% of the
theoretical value resulted, and this fraction of expected yield was not
constant.

I alse found, in the course of studying the remetion, that when I
attempted to introduce the ures sanPle into the hypobromite solution in
gelatine capsules, an odd event oecurred. The idea of the gelatine _}eamln
wvage to prevent the reaction from sccurring until the apparatus was sesled.
The gelatine capsules dissolved in the hypobromite solution, did not themselves
Produce any gas, but seemed in some fashion te inhibit the m&tial: between
the urea and the hypobromite solution.

11



Another disadvantage of the hypobromite method was that fresh supplies
of sodium hypobromite had to be prenr-d‘ daily from comcentrated sodium
hydroxide (approximately 50%) and pure ligquid bromine:

monura =>» NoOBr ¢+ NeBy + HP
sinee the hypobronite was very unstable and deecomposed rapidly. Liguid
bronine is very unpleasant and dangerouse. It is gorrosive and irritating
to the eyes and lungs even in very small quantitiess I deternined to
try another method of analysis for the detervination of urea s

The Kjeldahl method is a standard methed for the determination of
the amount of nitrogen in compounds. The eompound, in this case urea, is
hydrolyzed by concentrated sulfuric acid to ammonium bisulfates

00(NHg)p + HyS0y = (NHy)HSOY + (ete.)
The amronium bisulfate thus prodused im then treated with ASH~-50% KOH or
FaOH solution in a special Kjeldahl flask. The reaction oocurst

(WHy )RS0, + ZKOH = 80, + 2HO + maf

In the modified Kjeldahl rmethod used by Grahem(6), Kelthof#(8),
¥ullen(10), and others, the ammonia is eollected in a boriec acid solution.
Since the aeidity of the borie acid selution is negligible, the golution
containing the amronium hydroxide may be titrated with standardized
hydrochlorie acid« The borie seid solution will ebsord more then 99% of
the ammonis produced. In this investigation, bromphenel blue wae used as
an indieator because it has a sharp end-point when changing from basie (blue)
o ;eic (11ght yellow)s

A diggran of the Kjeldahl apparatus is shown on the next Page.

12
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The urea semple is Placed im a flask and the sulfurie acid is added.
The flask is then heated very strongly until sulfur trioxide begins to
form. If this 1s not done, the urea will not be completely digested. Then
the Kjeldahl flask and the concentrated alkali solution to be added are cooled
go that the reaction will mot proceed until the apparatus is sealed. The
purner is then applied and the Kjeldahl flask heated until no more bubbles
appear in the boric acid selution.

An acouracy check was performed uwsing hydrochlorie aecid standardized
against sodium carbonates

welght of urea millimoles volume of millimoles efficiency
in grams of urea 041164 N HOL of HC1
inml,

044724 74865 13449 15702 99.8%
0.1757 24925 500 54820 99 44%
041163 1.9%6 3340 34841 99+2%
0.0581 0967 1643 1+897 98.1%
0.3264 54435 85.9 94999 92.0%
0.4611 74677 1297 154097 9843%
0.5892 9810 16746 194509 99.4%
0.4033 6715 112.4 134081 97+6%
0.4272 74113 11843 13711 96.8%
043986 64637 115.2 13407 101.0%

everage and standard deviation 98.2% £ 2.5%
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ANALYTICAL VETHODS FOR MAGNESIWM SULPATE

In the determination of magnesium sulfate, there were twe poesible
quantities whieh could be determined. Analysis for sulfate, using several
accepted methodss (2) (8) (14) eould be performeds It was decided to
perform an analysis for magnesium in this eases

The first methed for the determination of magnesium was the method
used by willard et. ale(14)s This method converted the megnesium to magnesium
pyrophosphate, MHgoPlys which was determined gravimetricelly. Thies was a
very reliable method, but it had the drawback of requiring a rather large
number of chemicals and & long perioed of timee. This was due to the large
nurber £f operations necessary. g

The method used finally in this investigation was the determination
of the magnesium by means of EDTA titrations.

It is known that disodium-dihydrogen-ethyl ene-diamine~tetra~acetate,
eormonly sbbreviated FanHy-RDTA or simply EDTA, vill form complexes with

many metals, ineluding magnesiume The EDTA moleculet
h-q
[ NaoOC+ /COONa
N-CH,~CH,~N
4 * 7% "Ncoon

e

. 2H,0

5 HQOC

in this ouﬂ the disodium hydrate form, will form g complex of the formi

e - o~
C/ / ‘\‘Mlg-_‘,c'/O\/C -0
> e e
A\I ; R i
O
CHa.\.. g
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Keeping the DH over 10, s recomnended by Flaschka(4) will prevent
the formation of any species other than the ma"‘ ions with the pH ever
10, therefore, the reaction between the EDTA ion and the Mg ion becomes
stoichiometric and can be a reliable method of analyeis for magnesium.

Following the ctendardization procedures reco:mended by Faschka(4)
but substituting a prepared standard solution of ¥gll, for the zacl,
solution, the EDTA was standardized a short time after preparation.

- An securacy check was performed using the EDTA and the results are
shown in the table below:

weight of Mg80,°6.85H,0 millimoles volume of millimoles offﬁimr
in grams of Ng** 0.0997 X EDTA  of EDTA
in wl,

24959 104238 10243 104197 99464
342181 134189 13146 134120 99.4%
149873 8,152 8149 8.168 100.2%
23048 | 954 9346 9351 99474
2.5072 104285 98.8 94853 95.8%
27419 11.247 10846 104831 9643%
2.1153 8.678 86.0 8.574 98.8%
19760 84106 8048 84051 99.2%
2,0649 8.470 85.9 8.56% 101.1%
22367 9175 N9 94065 98.8%

average and standard deviation | 08.8% ¢ 1.6%

The seuple eontaining the Mg** ion was placed in a flask, disgolved in
water, and heated. Then 10 ml. of buffer solution was added and a few grains of
Erie~T indicator. The solution was them titrated with the EDTA until the
color just changed from marocon to dark blues That wae the end-point.
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Preparation of buffer solution, indieator, and other advice on EDTA
titrations may be found in the text by Flaschka(4). Care must be taken not
to sontaminate the EDTA solutions, since EDTA will complex with the ioms in
the walle of glass containers. Por this reason, all IEDTA sclutions were
gstored in polyethylene containers, actuaily old Clorox bottles. Contact
with metal surfoces, especially eepper, must be aveided at all times.

Another sdventage of the EDTA method is that it may be used om the
sample upon vhich a urea determination has already besn mades It canm ot
be performed before the urea determination becsuse this would edd amine
groups to the solution vhich would react along with the urea. Such extra
anine groups would completely invalidate the results of the urea determinatiom.

Neither sodium nor potassium ieoms interfere with the determination
of mpgnesium ion because the formgtion constant of the magnesium ion is
much differents |
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QALOVLATIONS

nesium sulfatet The volume of RDTA is multiplied by the comcentration
to give the number of milliequivalentst
‘sample 1M solids (3146 ml EDPA)(0.0007 M OTA) = 3415 me eqss
and this mumber is them multiplied by the millieguivalent mﬂght' of Mgy,
which is 0412057, %o obtain the weight of Mg, 4
| (3415 ms 0qs4)(0.12037) = 043969 grame
This weight is then set over the total swmple welghty 0.9870 gramet

043969/0.9870 = 043842 = 38.42% Mge0,

Urea! The volume of hydroehlorie acid is multiplied by the concentration
to give the nusber of milliequivalentst

sarple 14 solidt (269 nl HOL)(041164 N HOL) = 04338 me eqes
and this number, the number of milliequivalents of HHj iom, must be divided
by 2 to give the number of milliequivalents of urea since esch urea
molecule produces 2 ammonium ioms. Then this figure is multiplied by the
milliequivalent weight of urea, which is 0.06006, to obtain the weight
of CO(NHy)pt

| (04538 me eqs4){0+06006) (%) = 0.0099 grame
This weight is them set over the total sample weight, 0.9870 gramst
040099/0.9870 = 0.0103 = 1,03% urea

Watert The percentage of water wes found by the difference betveen the
total, 100%, and the percentages of magnesium sulfate and ureat
sample 1M solldt  100.00% = 38:42% « 1.05% = 60.55% vater

Computer programt These saleulations were made into a computer progrem

vhich is shown on the next page, the comments st the top and the source
Program at the bottom; for spead amd seouracy of caleulation.
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DAVID B, HOLLAND
UNION COLLEGE 1964
CHEMISTRY 56  RESEARCH PROJECT

AN INVESTIGATION OF THE TERNARY SYSTEM
MAGNES | UM~SULFATE / UREA / WATER

THIS PROGRAM WAS COMPILED IN FORTRAN @,

IT CAN BE USED ON THE IBM 162¢ OR THE IBM 1710 COMPUTER,
THIS PROGRAM CALCULATES COMPOSITION FOR THE TERNARY SYSTEM,
PLACE PROGRAM SWITCH 1 ON

TYPE IN MOLAR CONCENTRATION OF EDTA AND HYDROCHLORIC ACID
PLACE PROGRAM SWITCH 1 OFF TO RETAIN THESE VALUES,

DATA IS ENTERED ON CARDS FOR EASE AND SPEED OF OPERATION
WEIGHTS ARE IN GRAMS , VOLUMES ARE IN MILLILITERS,

PLACE PROGRAM SWITCH 2 ON TO HANDLE FINAL COMPOUNDS
PUNCH IN VOLUME OF EDTA, VOLUME OF HCL, AND SAMPLE WEIGHT,
MACHINE WILL THEN PRINT OUT ON TYPEWRITER
VOLUME OF EDTA, VOLUME OF HCL, SAMPLE WEIGHT
WEIGHT OF MAGNESIUM—SULFATE WEIGHT OF UREA
PERCENTAGES OF MAGNESIUM—SULFATE UREA, WATER,

PLACE PROGRAM SWITCH 2 OFF TO HANDLE INITIAL MIXTURES
PUNCH IN WEIGHTS OF HYDRATE, UREA, AND TOTAL,
MACHINE WILL THEN PRINT OUT ON THE TYPEWRITER
WEIGHTS OF HYDRATE, MAGNESIUM-SULFATE, UREA, TOTAL
PERCENTAGES OF MAGNESIUM-SULFATE UREA WATER

IF(SENSE SWITCH 1)2,3
ACCEPT,CEDTA, CHCL
FEDTA=(, 123 7*CEDTA
FHCL=@, #30@@3*CHCL
PAUSE

CONTINUE

IF(SENSE SWITCH 2)4,5
READ, VEDTA, VHCL ,WTSUM
WTMG=FEDTA*VEDTA
WTUR=FHCL* VHCL
PRINT,VEDTA,VHCL ,WTSUM
PRINT ,WTMG,WTUR

GO TO 6
READ,WTHYD,WTUR ,WTSUM
WTMG=(, 493 76*WTHYD
PRINT ,WTHYD,WTMG,WTUR ,WTSUM
PMG=(WTMG/WTSUM)* 100
PUR=(WTUR/WTSUM)* 100,
PWO=10@.~PMG-PUR
PRINT,PMG,PUR,PWO

GO TO 3

END



sample total serple volume of volume of % u,o
nuwh er weight 0.,0997 ¥ EDTA 041164 N HCL
in grams in ml. in ml.
Cond % Vg0,  and % 00(W,),
SH=1 12590 3?*5 25346
26.4h% 65.90% 7+65%
SH-2 0,9806 211 181.8
3 a.&a! 6#-31% 9#37’
Sl 141004 2448 0449
27.05% 65.09% 7+87%
SHl 14222 3049 ‘ 264 41
26,074 : 64.91% 2.02%
6H-1 140343 2041 ' 217.3
23431% 73440% 34290
6H-2 0.6792 1346 13241 |
2h,03% 67.99% 7+95%
6H=3 0.7925 151 15145
22.87% 66.82% 10314
G-k 0.544% 105 - 10%.9

23014% 660 70% 10+16%



gition o 0ld

sample total sample volume of volune of % H0

numb er weight 040997 ¥ BDTA 0« 1164 W HOL
in grems in nmle in ml,
| and 7 Mgsoy and % 0O(WNH,)

. U«9870 3146 _ 2.9 :

38424 1403% 60 o55%
M 06452 2040 37

Shog 240098 60.79%
3 141303 35,1 12:4

37.27% 3035% 58.90%

26304 86k ' 3043 ‘

%9.%0% 4,019 56.684
b ] 049743 3442 1349

hou13% 5.99% 52.80%
6 0»5@9 wiﬁ 1841

46754 1 2:05’ 41.19%
7" 9-6&02 : ﬂi& ' ﬁa}

4z, 009 14.98% 41.02%
84 0.65%0 2%.9 - 2840

43 «02% 14.99% 41 9%
oM 06896 E 377

43.68% 19:11% 37.21%
108 0.8145 - 26,3 5843

38, 75% 25.02% 36.25%
114 0.7831 26.9 65.5

hi.22% 29+24% 29.54%
124 047260 24,9 561

41.16% . 074012 21,834
134 047831 25,5 65.8

39.08% 29374 31.55%
144 07421 264! 6242

‘203% 29430% 27.85%
158 0.8899 26.7 89.0

36 404% 34499% 28.984%



Composition of wet solids

sanple total essple volime of

numh er welght 0+1096 ¥ EDTA
in grame inmly
and % Mgs0,
168 08418 21.8
24.16%
b ! 049692 25+7
32426%
184 10531 2049
' " 26.18%
oM Q.2211 242
13.12%
0K 042774 263
10.94%
o 0.3%43 245
9:87%
281 C.36 Fe2
-~ 11464
2 0.8363 244
3eT79%
oy 1.0187 102

155%

volume of
040085 N HCl
in mle
and 7 m{mz),

1096
38:51%

16044
48.95%
2051
57.61%

8
T96%
6140
654044
0
e
8243
66094

18049
67:17%

o8
Gooshe

% 0

27328
18.80%

16.21%

- 18.914

- 2h01%

254545%

22.44%

29.05%

29.11%



g emgesitiag af wet colids

sample total sample volume of volume of % Ha
numb ey weight 0.0997 ¥ BEDTA 0«1164 N HO1
in greme in mle in mla
and % NMgsoy and % 00(NH,),

1A 041352 2.4 ' ohat

21.70% 62433% 16.438%

24 0.0675 2.2 1045 :
| 39.11% She3TH 652%

3A 0.4022 1044 2840

31.03% 2ha33% bho63%
ka 02465 4.7 7.0

22.35% 66 o651 10.474
5A 0 0430 1.7 - b8 , ‘

47.50% 39.07% 13.43%
64 041063 3e3 1743 ~

34403% 564 De13%



Qomposition of saturated solutions

sample total sample volume of volume of 4 !l,@
numb er weight 040997 M EDTA  0.116h ¥ HOL
in grams in mla in ule
and % MgsO, and % 03(1!!!2)2
1w 140036 2343 . 45 ‘
27+86% 1457% 70.57%
24 140169 2l 847
28449 2.99% 58‘57”
049742 2343 1846
4§ 28.70% 6675 644624
4id 14260 5145 33 ‘
- 0.400% 45 60,714
i 144120 3343 50 ‘
284304 1260% ”Qm
6 145399 36 o1 7449
; 28413% 17.00% 54.86%
™ 11348 2644 6%.8
g 27e52% 19+65% 52443%
8 13699 2142 8646
oM 101800 2646 797
27+05% 23.61% 49.34%
10M 143000 29.2 9247
26.77% 24 T5% 48.487%
11 0.8882 1841 732
oh16% 28.81%4 6. 74%
b 17306 3545 1599
2%423% 52-;0‘ 4 47%
13M 0.9167 1744 oh o1
22.78% 25,887 b1e34%
14 140061 1749 1140
21438% %0461% 39 404%
15 14980 o6 184.9
guﬁ‘!ﬁ 434 15% 36.435%



sanvle
manh ep

16M
1
18

19

214

total sample
weight
in graws

16375
149328
13005
146536
10027
0.25T
141760
0.66€6

1.5275

volume of
041096 ¥ EDTA
inule
and % ng“

02,8
19.17%

28.6
194524

2941
2059%

22.7
18,114

119*
150&’

2
84%
0e31%

249
50 Th%
2.8
2.42%

12.%52%

volume of
0.0985 N HOl
- inml,
and % W(m,),

26643
L8410%
32843
50 o 24
2177
52 19%

290 +1
514804

17843
52460%

4641
53 J04%

2107
53 400%

1217
54..00%

285.5
55 29%

% 5P

BQ*M
ﬂ-w

27.22%

30.00%

 30.0%

24.65%
57+69%
40 . 26%

42.30%
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SUMMARY AND CONCLUSIONS

After plotting the results of the caleulations on the phase diagram

on page 2 of thie thesis, I concluded the followings

e

2e
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LN

5,

There seems to be evidense for the sxistence of another ecompound,
MgS0y*400(NHy) 50200, formed in methanol, which has not been
reported previously.

The two ternary sonpounds of Yee et. al.(15) exist as stable forms.
The monohydrate of magnesium sulfate, MgSOyeH0 may probably exist
as a solid phase along a portiom ef the boundary curve in the
ternary systems Whittaker et. ale(13) did not apparently study

this region of the eurve thoroughly.

The compound reported by Graham(6), Mgd0yeCO{NHp) 9200, does not
seem to exiot. His deduction for its existence is probably due teo
inasccurate analytical technique, especially with regard teo urea.
The methanol seems to remove the vwi.tor of oryahlliiatin from the
magnesium sulfate hydrate by some nluﬁt effeets If the solubility
in methancl of water and urea were different, this effeet would be
expected. This removal of weter causes more combination between the
urea and the anhydrous magnesium sulfate. Methanel gompletely
changes the solubility properties of the termary system.



MgS0y e

MgS0y  THY

Hg80y 6. 35H,0
ugao,‘-oo(lm,) o’ B P
Mgs0y+CO(NHy) 5 2H,0
Mg80 )+ CO(NH,) 5o 3HD
HgS0»500( i 5) oo 28,0
Mg80 e 600(NHly) 5o 2H,0
Mg80y»4CO(NH,) 5o 2H 0
1gs0ye 00(NHy) o

% 1igs0y
86498
48.83

49438
60 466

55,61

5133
26435
2% 429
30435
66471

%.00(NHy)

3026
2774
25461
6575
69473
80457
35429

13402
51417
50462
9408
16.65
23.06
7+90
6.98
9.09



Moleoular yeights - |
Mg = 2831 |

KOH = 56411

NaOH = 40,11

n;so‘ = 12037
MgSOy* H,0 = 138439
Mg80,+6.85H,0 = 243,78
Mg80y - TH,0 = 246,51
H,O = 18,02

200 = 36 .04

3H,0 = 54.06

THO = 126441

6«85!20 = 123.41

00(H,), = 60.06

500(NH,),, = 500430

600(NH,) , = 360436

NH,01 = 5349 |
thz-m.baﬂao = 572+25 ’
ngso‘-w(lm,),-n,o = 198.45
Mgs0y+00(NH,,) 50 2H,0 = 216 47
Hg80y00(KH,) 5o 3R0 = 234449
Mga0ye S00(NH,) 5o 2D = 556471
ugaoh-éoo(mz) oo 2H P = 516477
Mgs0y e 4CO(NH,) ye 20 = 396465
Ratios Mgs0, /Mg80,+6.85H0 = 0.49376
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