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ABSTRACT

The reactions between urez and the primary alkyl bromides from
1~ bromobutane to l- bromooctane were investlgated. The effect of cone
centration, temperature, and solvents en the yleld was determined.
Second ordsr resction rate constants at tempersture of 80°, 1002, and
132°C were calculated from the data for yield, The yield is defined

as the percent of bromine from the alkyl bromide titrated ss bromide ion,

The resulis indicate that the reactions of the primary sligl bromides
with urea sre similar; the reaction being of the second order and the ex-
tent of resction being spproximetely the seme for each alkyl bromide for

correésponding resction conditions.

At 2 tempersture of 132°C, yields of approximately 90% or grester

are obtsinable for resction periods of two hours or more,

Further chemical snd kinetlc investigstion is required in order to

define the mechenism of reaction with greater certainty,
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IBTRODUCTION

This thesis iz concerned with the reaction between urea and

normal primary alkyl bromides,

The work of this thesis consists of two main parts. The first
part consists of resulis concerning the £fect of physical and chemical
variables on the yield, The second part consists of a preliminsry

investigation of the kineties of the resction,



THEORY

The exact course of the reaction between the primary sligl
helides and urez is not known, However, work by Bradley (1),* ine
dicates that the main producte of the rsaction are alkyl ures and
dialkyl urea. The resction between urea and 1~ bromobutane would then

be sg followss

(1) NH,CONHy * C)HoBr ..-§Ghﬁgﬁﬁcaﬁﬁ2 « HBr + (Chﬁg)zﬁcaﬁﬂg + HBr + HBr
On adding the resction mixture to weter, the bromide ion from the HBr,

the alkyl urea sslt, and the dialkyl ures sslt dissocistes. The amount of
alkyl bromide that has reacted can then be determined by volumetric
titration of the bromide ion by ailver nitraste solution. The unrescted

alkyl bromide is insoluble in water and not dissocisted.

The dialkyl uwres would most likely be formed from a psir of cone
secutive reactions as followss
(2) yaacaﬁaz + GhﬁgBr ---;chﬁgﬁﬁcoﬁﬁa * HBr
(3) Gy HoNHCONH, + HBr + Cplghr w~—(Cy,Ho) oNCONH, « HBr + HBr
From the course of the reaction proposed asbove, one would expect the
reaction to be kinetically of the second order, and to be first order
with respect to alkyl bromide and ures concentrations, One would expect
reaction number {3), above, to be slower than resction number (2). There-
fore, in a resction mixture where ures is in excess reaction number (3)
would not occur to a2n extent great enough to affect the verificstion of re-
action number (2) ss a second order reaction using the equation:

#Hefers to reference (1).



k= 2.3&3 log b,{at)

t{agmb,) EETE?

to caloulate the second orxder reaction rate constant,

When alkyl bromlde ls in sxcess, the second order reaction rate
constant, calculated as above, should decrease after the time peried

required to carry out reaction number (2).



EXPERIMENTAL PROUEDURE

Agggratus
The reactions were carried out in‘taat tubes inserted into 1000

milliliter, three necked, distilling flasks with 24/LO standsrd tsper
joints. Two test tubes were inserted into eech flask, with asbestos
cloth tape wrapped sround the test tube vo close ths spsce between

the test tube and the neck of the flssk. A water cooled condenger
tube, used as a reflux condenser, was inserted into the third neck of
the distilling flesk. The hesting mediums, bromobengzene, chloro-
benzene, water, and benzens, were placed in the distilling flssks and
heated to their boiling points by use of electric heating mentles cone
trolled by power stata, The test tube extended below the bottom of
the neck of the flask by sbout one hslf of its length and thus ine
sured that the reasction mixture was sdequately hested. The mouth of
the test tube was fitted with s 100 millimeter lengih water ocooled con~
denser for the runs that preceded those used to cbtain kinetie dsts.
In the latter runs, an air cooled condenser, spproximately two feet
long, was inserted in the mouth of the test tube. The air condenser
extended into the test tube about two inches. This condenser wes
simply s glass tube, and had s 1/h inch hole blown out of the wall,
about one inch from the bottom of the tube, so that the psrt of the
tube in the test tube had two openings. This was done in order to pre-
vent condensed liquid from plugging the condenser tube. A cork wes

used to seal the reflux condenser inlet into the test tube mouth,
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Materiasls
The following reagents were used:
a, Urea, A.C.3. grede, Fisher Scientific Co.
b. 1~ Bromobutane, l« oromopentsne, l- bromohexsne, l« bromoheptane,

1~ bromooctane, l- bromodecsne, reagent graede, Lastman Kodsk (o.

Ihe following solvents were used:
a. *ﬁ,ﬂudimﬁtnylfbrmnmide, spectrographic grade, Matheson, Uoleman,
Bell Co.
b. Acetamide, reagent grade, Matheson, Colemsn, Bell Co.
¢. Formamide, reagent grade, Matheson, Colemsn, Zell Co,
Catelyst used (two runs only):
Cupric oxide, CuD, reagent grade, Fisher Scientific Co.
| Indicstor used:
Eosin Yellowish, 1% Acueous solution, reagent grade, Fisher scientifie
Co., catalog no. So-se23
Titration solutiont
0.1N Silver nitrate, msde from Fisher A.C,5. grade,
Standardizaetion sslt for sllver nitrate:

Potasgium vromide, A.C.5, grade, J. T. Baker Co.



Uenersl Procedure

The experimentel work wea divided into two parts. The first pert,
Part i, which is the work listsd with nuwerlcsl end alphsbeticsl
notations such se X, 1A, 252, ete., was performed %0 investigste the
general effect of physical and chemicel veriables on the yisld of
the reaction. The secwwnd pert, Fart 1I, consists of & preliminary ine
vestigetion of the kinmetles of the resction, using three different ree
sotion mixtures ~ one conteining le bromobutene, one containing le

bromopentane, snd one containing 1~ bromchexsne.

Part 1. The meterial for the runs in Part I consiated of re-
action mixtures that were individuelly made up for esch test tube,
“olids were welghed by: difference using @ wsighing bottle, and were
trsnsforred to the teat tube Ly s solide funnel « using s brush o ree
move any adhering materisl from the funnel. The alkyl bromides were
welghed by differsnce using s smell cork stoppered krienmeyer flask.

The alkyl bromides were poured directly from the flask into the test
tube, In runs 311, 312, snd 31 the 1~ bromohexons wasy messured by @
welght calivrated pipet. NyR«dimethylformemide wzs messured by volume
at 2L° to 259C (density=0.9u5 gm/ml), using s buret, Formsmide used in
run 313 wes meesursd by volwse using e volumetric pipet (density=1.,129
g/ml et 25°C). The test tubes were fitted with & weter cooled, 100 mm
long, Liebiy condenser uged as a reflux condenmssr., It wes observed that
this arrangement will function sstislsctorily if the volume of the
meterisl in the test fube is kept to aboubl ope«third of the total volume
of the test tube which is sbout 10 ml. In runs 1, 1k, 2, 3 which were



made at 155°C, some materisl wss lost from the test tube by too rapid
boiling and because 100 grest an amount of material wus plsced in the
test tube, Also, the urea probably decomposes at this tempersture as
wes evidenced by & dark yellow color of iths reaction mixture during and
at the end of the resction. Therefore, subsequent runs were made using
about ten grems or ten ml of reaction mixture per test tube and itempe
eratures of 132%, 100%, and 80°C. All the runs subsequent to runs 2F
were made by first bringing the ures and splvent into solution and then
adding the slkyl bromide. In Fert I, the time of resction is taken as
the time at the indigeted reaction tempereture. The reactions in these
runs were not imwedlately cooled down or stopped by removing from the
distilling flask and pouring into water as were the runs used to de=
termine kinetic data, Therefore, the former runs had some additionsl

reaction time because of gradually cooling down % room temperature,



Part 1I. The material for the runs in Part II consisted of re-
action mixtures containing an slkyl bromide, N H-dimethylformamide, and
ures in a single phase solution. 4 reaction mixture was made for each
of the following: 1- bromobutene, l- browopentane, and l- bromohsxsne,
designated RM1, BM2, snd RM3 respectively. The molsr concenirations of
the alkyl bromide, ures, and solvent were very nearly the same in each
reaction mixture. The mixtures were made up by weighing the alkyl
bromides and urea by difference, and measuring the volume of X,N-dime-
thylformamide at 24~25°C in s gradusted cylinder. Densities of the re-
action mixtures were measured at 20°C by s Westphal chain balsnce. The
weight of reaction mixture transferred to the test tube at 20°C, was
determined by a weight calibrated pipet. The test tubes were in place,
and the hesting medium wes boiling before the resction mixture was
transferred to the test tube., After transferring the resction mixture
tc the test tube, the two foot sir occoled reflux condenser was imme-
diately put in place in the test tube. When the desired period of
resction was completed, the test tube wus removed from the distilling
flask, the flask stoppered, snd the reaction mixture immediately poured
into spproximately 30 =l of water in s 600 ml beaker, This stopped the
resction. The densities of the reaction mixtures et the resction tem-
peratures were determined by heasting the reasction mixture in a 100 ml
volumetric flask immersed in boiling heating Lsths of csleium chloride
solutions at 95°C and 1259%C., After adjusting the volume of liquid in
the flask, the flask was cooled and weighed., Densities at the reaction

temperatures were obtained from a graph of density versus temperature,
see Tables I and II,
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Table I fxperimental Densities of Reaction Mixtures, Om./M

Mixture No. Alkyl Temperature, °C
Bromide 20 55 1%
l ah 1.019 0. 932 i 00991
2 ¢g 0.9991 == 0.93¢ 0.902



Table II

Mixtuve No,

AVERAME o

@raphicslly Determined liesction Mixture
Densities N ,sm. 7ﬁ.

Alkyl Temperature, °C
Bromide % 132
Gy 0.945 0.924 0.896
CS 0: 9hh O [ 926 0 ¥ 896'

‘36 ‘019&0 0&922 00895

/e



ANAYLTICAL rrAOCLDURE

The only analysis performed on the reascted mixtures was a volume-
tricrtitration for broumide ion.

The method for the snalysie of bromide ion is given in reference
(2), page SLli. A 0.1% aqueous solution of eosin yellowish (sodium tetra=
bromfluoresceinate) was used ss the indicator. The end point of the
titration is indicated by 8 rapid color change from a fsint pink tint
or no tint, to an intense pink or reddish pink coler, depending on the
concentration of bromide ion and reaction mixture titrated. The lower
alkyl bromides, such as butyl and pentyl, give darker end points, and
lower concentrations of bromide ion (lower yields) give darker end

points than solutions with higher concentrations of bromide ion.

In Part I, for all runs sxcept runs J, the following procedure was
useds:

a, The contents of the test tube was diluted to 500 ml in a
volumetric flask.

b. 50 ml of this sclution was added tc a 250 ml Erlenmeyer Flask
uging & 50 wl pipet, and 3 wl of &N acetic apid was added.

¢. 10 to 1 drops of 0.1% eosin yellowish indicator solution wes
used.

d. The solution was titrsted with 0,10 silver nitrate solution to

a pink end point.
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In runs J, the procedure was the ssme, except that the contents
of the test tube were diluted to 200 wl and 50 ml of this solution was

then iitrsted.

In Part 1I, for Heaction Mixture 1-80%, 100%, 132°, and RM2, RM3w
132°C runs, the materisl in the test tube wes diluted to 100 ml, and
50 ml ml of this solution was titrated after adding 50 ml of distilled
water, b ml of 6N acetic scid, and 1L drops of eosin indicator, For
RM2 and BM3, 80° and 100°C runs, the contents of the test tube was di-
luted to 200 ml in a 600 wl vesker, 8 ml of & N scetic acid and 28
drops of eosin yellowish was added, znd the solution was titrsted with

0.1N silver nitrste solution,

The use of & magnetlec stirrer sids in speeding the titretion and
observing the end point. A magnetic stirrer was used in Psrt II; and

The concentration of the bromide ion in the solutions thet were
titrated was kept by the foregoing procedure, within 0.001 and 0,05
moles per liter, the outer limits of reliability for this analyeis:
see page 453 and Shl, reference (2).

The titrations are reproducible, for the same solution, to well
within 1% sverage deviation.



SAMPLE CALCULATIONS

Calouletion of Second Order Besction Rate Constant

The rate oconstant iz calculated for the following reaction:
Ures + n= glkyl bromide w~e Products, or & + B ey Products
The following quantities were used:

8; » urea concentration, moles/liter, as solution is originally formue
lated

a, = ures concentration, moles/liter, at “sdopted time® smerc, W
minutes sfter siart of reasction

ag = urea concentration, moles/liter, at time t; by, by, by ere corres.
ponding alkyl bromide concentrations

k = second order rsaction rate constant, liter/mole-min.
N = normality of silver nitrate solution

t = "adopted time™, ¢ is tsken ss zero, 30U minutes sfter start of re-
action, minutes

Vo = volume of silver mitrate solution used at ¢ = 0, per totsl mixe
ture in test tube, ml

¥, = volume of reaction mixture in test tubs at reaction ‘tamperstm, nl
V¢ = volume of sllver nitrate solution used at time t, per test tube, ml

x = moles of slkyl bromide rescted per liter at time t, eoual to Wt/
v
8

In the caleulation of k, & is taken as beginming 30 minutes from
the ectual stert of the resction. Therefore, a4 must be adjusted to
correspond to this "adopted time",

decordingly:

B = 8y =~ x »ay - (W/Ng),

bo * by = x = by = (R A ).
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The varisble copcentration terms are caloulated as follows:
by = by - (WV¢/Vy),

Therefore,

k atz\;,:ba) log 23% .
For the reaction mixture contsining l- bromobutane (#Ml) at 80°C1
&y = 0,01379 moles/10,5 ml x 1000ad/1 = 1,311 mole/1
by * 0.00599 /10,5 x 1000 = 0.571 mole/1
8, » 1.311 - (0.0986 x 15.68/10,5) = 1.164 mole/L
b, = 0.571L = (0.0986 x 15,68/10,5) = 0.L2k mole/l

ko= %@2 log O.h?ﬁ (lom d {000986 x ¥, 005))
164-0.424)  TIE(0.571 ~ (0.0906 x C.5))

k= (3.11/%) log (0.364 (139.8-V4)/(60.8 = vi)).
At t = 60 mins
k= (3.11/60} log (04364(139.8-17.3)/(60.8-17.3))
k= 5,56 x 1074 1/mole-min.
See Table LIl fo:; equations used to calculate k.

Calculation of ay, The following quantitles are used:

ny = millimoles of ures per lest tube

w = weight of resction mixture delivered by 10 ml pipet st 20°C, grams
p = weight fraction of ures in reaction mixture

K =« moleculsr weight of urea

Therefore,

ny = wx p x 1000/,



‘table 11X

KMl
80°¢,

100%,
1329,

2
80%,

19093 3
132%,

B3z
80°C,

132%¢,

Equstions

for Calculating k

k=3
k= 3

kﬂ}-’&‘&

k= 3,16
t

k= 32

k-}i}_@_

k= 3.30

log

log

log

log

log

log

log

log

log

0.364(139.8 - V,)
BTy

0.415(139.8 = Vy)
(m-vt)

[ w:?. - VE)

UB5.7T = Vy)

0.376(138.8 - V)
UE0.6 = Vy)

0.262(13809 - v‘&)
(598 « Vy)

0.390(137.L ~ Vi)
(55.3 = Vy)

0.378(137.8 - Vy)
A RRL

0.272(137.9 = ¥y
{ gg.h *‘E—t’%




Tatle IV  Equations for Calculoting Yield for Kinetic Dats

RMl:
% Yield = 1.648 Vy

RM23
At 80° and 100°C -
% Yield = 1,678 Vg
At 1329
£ YTield = 1,671 Vy

RM3e
At 80° snd 100°C
% Yield = 1,689 Vy
At 132%
£ Yield = 1,682 V,

/6
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For RM1:
ny = .95 x 0.0833 x lmﬂlﬁﬁ.% * 13,79

Calculation of by, This caslculation is snalogous to that for a4,

Caleulation of Ylield

Yield is defined ss the percent of total bromine from alkyl bromide
titrated as bromide ion. The following quantities are used:
V¢ = volume of silver nitrate solution used, ml
N = pormality of silver nitrate solution
r = No, of millimoles per milliequivalent of bromide
mg = millimoles of alkyl bromide per tcst tube
7 yield = Vo x N x r x 100/m3
For EMl at 80°C, snd t = 60 min:
# yleld = 17.30 x 0,0%86 x 1 x 100/5.99
% yield = 28.4
See Teble IV for squstions used to calculate yileld in Part II,

Caloulation of tnergy of Activation

The energy of sctivstion is calculated from the slope of the Arrhenius
equation:
logyg k = (~LE®/L.58) (1/T) ¢,

where (-UE"/L.S8) = logyy (kp/ky) = slope
eI

The s=ymbols are defined as follows:
C = a constant (not used in this calculation)
DE® » epergy of activation, celories per gmemole

k = resction rate constant, lemole™l - min™t
ko is teken at 353 9K, k, is taken at LOSK



T = absolute tempersture, °K, To i teken as 353°K and T, as LO5%K
DE* for 1w bromobutane and urea (RM1).

slope = logyg (0.765 x 10"3/11.hL x 1073)
U73E3) = (H7665)

5}‘.@?@ b 3189.
Therefore, DE® = 4,58 {-3180) = 14570 calories.

e



DISCUSSION OF RESULTS

Since the experimental work was performed in two parts, the re-

sults obtained in each part will be discussed separately.

Part I

The results obtesined in this phase are from ra#ctim mixtures that
contained varying quantities of ures and alkyl bromide. Ures was used
in excess in all of the runs., Comparison of the runs, listed in Tasbles
V through X(1Il, may be made by comparing the runs with spproximately
squal ures fo alkyl bromide mole ratios. Many of the resction mixtures
resulted in two phase systems; mostly two liquid phases., However, the
two phese data do indiecste conslstent effects resulting from changes

in resction variables,

1~ Bromobutane. Ths only reliable result for 1~ bromobutane in this
part shows s yield éf uh.7% at 100°C, urea to bromide retioc of 2.76,
and ures concentration of 10,93 mole® (Run 1J)}, DMFA (N,N-dimethyle
formemide) wes the solvent, snd the reaction time was two hours,

1~ Bromopentane, In two sets of runs at 80°C, runs 2F and 2G, the

¥ield increased with incressing mole ratio of ures to 1~ bromopentsne,
In runs 2f the concentration of l- bromopentane was kept constant at
about 5 mole £. In runs 20 the mole £ of ures wes congtant at sbout
23% and ths mole ratio of DMFA o urea was constant st ebout 3.1. There
wag no obseyvsble etfan‘t; on the yleld vs, ures /alkyl bromide mole ratie

relationship due to the two sets of conditions,
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Table V Effect of Selvent Ratio on Yield for l-Bromopentane
Hesctions
Run Urea Ce Conee Mole iatio, Yield
Cone., ole & DHFA Urea %
Mole & -
2F 11 to kO 5 8 to 1.k 17.5=33.9
23 23 3-8 tﬂ 6 3:1 28'}4"’35.0



Table VI Formulations for le Bzfambutam Reactions

Run No, Ures - 1~ Bromobutane - Salvent
wt, moles mole & wt, moles mole % Nome whe moles volume
gram gram grams ml
1 19.16 0AThO §7.0 3.955 0. 388? ?.31 sgetamide 9. 50 3016?6 -
l& 5'6513 {3‘69&1 ks.9 hcl?g 0¢BBG6 1%%092 # hO?B? 0;0802 —-————
1d 1.057 0.01758 10,93 0.872 0.00636 3.91 DMFA 9.99 0.1367 10.58

1€
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Table VII  Yield for l- Bromobutane Resctions

Run He. Ratilo: Molality Reaction Temp, TYield Phase(s)
Mole Ures ¢, inm Time, o £
-mole G} ‘&umzt nin,
1% 6.02 2,89 610 155 31.8  1liq.
14 # 3.08 6.46 625 155 L3.8 1iq,
# le Bromobutane lest by vaporisation



Table VIII

Run Mo,

201
2C2
21
2EL
282
2l

2F8

Formulations for 1- Bromopentsne Beactions

wh.
Eile

10.40
L.768
L.851

5.129

5.188

5.321

L.937

54167

0.989

1.276

2.3h8

3.560

L.848

Ures
moles

0.,1731
0.07939
0.081h
0.0853
0.0863
0.0886
0.0821
G.Gﬁ&
0.01648
0,0212
0.0351
0.0593
09,0806

mole ¥

6.2
h1.9
3.k
36.8
38.5
3.2
36.5
36.6
10.32
10,62
15.60
29.8
Lo3

1~ Bromopentsne
mole & Name

wt,
gu.

L.ui79
L.0%97
1.600
3.106
1.5
2.978
1.651
3.090
0.958
1.423
1.485
1.475
1.458

woles

0.02965
0.02713
0.01059
0.02056
0,01002
0.01972
0.01092
0020k

0.,00634
0.00942
0.00%82
0.00976
0.00991

7.92
14.27
4,85
8.88
4.48
'8‘,39
4,86
8.68
3.97
L.72
he92
4.89
L.95

-

Acetamide
"
DMFA

T oz omoR N N

b 4

Solvent
wte

£

10.18
L. 90k
9.18
9423
9436
Sel5
5462
Solals

10.0

12.33

11.01
9.52
8.02

moles

0.1723
616630
0.1256
0.1261
0.1280
0.1292
0.1316

Volume

- ———

9.72
9,76
9.91
10,00
10.18
9.98
10.62
13.06
1.6,
p.08
8.48

e



Teable VIII conttld,

Run Ho,

wt.
£ile

2.51
2.54
2.52
2.55

1,209
L.85
2.56
2.60

Ures
moles

0,028
0.0423
0.0i19
0.0L2k

0.0201
0.0806
0.0426
0.0433

mole ¥

23.h4
2343
23.0
22.8

10.10
L.
22.
23.7

- 1~ Bropsntane

wie
Eille

1.03%
1.2h4
1.490
}.n ?’42"’

1.509
1.525
1.786
1.088

moles

0.00688

0.00824 .

Ue 00586
0,01153

0.00999
0.0101

0.01181
0.00720

mole 5 Name

3.75
a5k
S
6.1%

5.06
6.3
3.54

Bolvent
whe
g

9. 74
9.56
9eSk
9.68

.93
6.L5
7.87
7.83

moles

0.1331
C.1310
0.1306
0.1323

0.169
0.109
0.133
0.132

¥olume

&



25

Table IX  Yield for l- Bromopentene Reactions

Run, No. RHatio: Molality Reaction Temp. Yield Phase(s)
wele urea 05 in ?m, °c ;
mie Cg Solvent min,.
2 5o83 2.92 610 155 62-5 1§AQQ
2 2.93 5053' 625 155 95:2 13-@, 1ﬁq.
202 Ledk 2423 320 132 §7.0 ligy lig.
&1 8.59 1.07 20 100 4845 1lig, s0l.
2n2 L.L® 2,09 90 100 36.6 lig, sol.
25 751 1.136 302 100 82.8 1iq.,60l.
282 L2k 216 302 100 70.1 1ig.,801.
N 2.60 O.634 120 100 Lhi.5 liq.
ar2 2.25 0.76L 120 80 17.5 "
2FL 3.58 0.811 120 80 2L.0 "
%6 6,07 1.024 120 80 29.9 il
2F8 8.1k 1.236 120 80 33.% n
261, 6425 0,70k 120 80 35.0 "
262 5.1k 0,861 120 8o 33.0 n
43 .25 1.033 120 80 1.0 "
204 3.67 1.192 120 80 28,k "
2& 2.01 1.90!3 129 89 1@-& uﬁh ,13530
213 360 1.500 120 80 9.59 1iq.,1iq.
2, 6,01 0.920 120 80 20,8  1iqg.,1iq.

# Cub catalysti used, 0.0308 mole/mole Cg,



Table X
Rﬁﬂﬁ@o

3
3%
i
3
362
30
e
3EL
3E2
311
312
313
34

Formulations for l- Sromohexane Beactions

whe
Ele

1045

ha622
L.929
L4507
50506
L. 78k
Le679
4.922
L6831
1.012
1.043
1.015
1.02k

Urea

moles

0.1740
0.07696
0.,08207
0.0817
00517
G.07%5
0.0779
0.0778
0.01688
0.0173%
0.,0165G
0.01706

-,

mole $

4.0
UG.%
L2.2
37.2
38.3
36.8
3.7
36,9
3he3
10.40
8.97
6.82
10.68

1~ Bromohexane

whe
Eils

5.028
he725
L. 8L
1.630
3.328

1.307

2,918
1.743
3.260

1056

1.056

- 0.992

# Cu0 catslyst used, 0,0367 mole/mole g

noles

040305
0.0286
0.0293
0.009%0
0.0202
G.0079L
0.01766
0.01057=
0.01973
0.00639
0.00639
0.00639
0.00603

-

mole %

8.06

5.2
15.1

Lo51
8.42
3.66
7.85
L. 76
8.69
3.54
3430
2.58
3.77

Solvent
Hame W ie
£Me
acetemide 10,23
# . 859
INFA 6.06
s 9.35
" G35
" Sl
# Qulily
" 9 ohg
# Fuib
" 10.15
acetamide io0, 95
formamide 10,12
DA 10.0

moles

0.1732
0,0823
0.0629
0.1279
0.1279
0.1288
0.1250
0.1295
0.1292
0.1388
0.170

G.225

0.1368

Volume
nil,

6.41
9.50
2450
9.96
9.98
10,02
10.00
10.73
8.97
10.59

e



Table XI

Bun Ho.

Yield for l~ Bromohexane Resctions
Retios - Molality Resction
mole urea (g in time,
mole Cg  Solvent mine
5.70 2.98 610
2.80 483 300
8,28 1.0%6 320
LSk 2,16 320

10.0hL 0.8L1 0
L.ld 1.872 90
7.7 1.3112 300
3.94 2.08 300
2.6, 0.630 120
2.72 0.636 120
2.64 0.632 120
2.84 0601 120

# CuQ catalyst used, 0.0367 mole/mole Cg,

Yield

80.0
93.6
1.9
85.9
53.8
8.6
27.2
80.4
60.3
L3.0
2he5
16.8
L6k

a7

Phase(s)

lig.
liQQ ,liq.
" t

] B
1iq.,sol.
" #n

# "
L] "

liq.
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The apperent difference in yleld indiceted in Fig. 1, and in Tsble V
was caumed by the fact that the ures was not totslly dissolved in the
DMFA before the addition of the 1~ bromopentane in the 2F runs. The
urea was totally dissolved at sbout one hour after the start of the

run.

The yield for s single phase system at 100°C, 2.60 mole rastioc,
and reaction time of 120 min., was Lu.5%. At B0PC, 6.25 mole ratio,
snd @ reaction time of 120 min. the yield wss 35.0%, (See runs 2J and
2(31.) The dats for both single and two phsse systems indicste that
vield incresses with increesing ures/ 1~ bromopentsne mole ratio,
tempersture, snd reaction time, The reaction is unaffected by the

mole ratio of solvent to ures using DMFA,

In runs 28 acetamide was used as the solvent, A two phase liguide-
liquid system resulted giving lower yielde than those obtained in DMFA

at the same uresfl- bromopentsne mocle ratios,

The highest yield obtained was 97.L%, in a two phase liquidm
liquid system using DMFA, at 131°C, 320 min, resction time, snd st s
mole ratio of 7.6% (run 2C1),

1~ bromohexane, The data indicate that en incresse in ures/l-

bromohexsne mole ratio, reaction time, and temperature resulte in an

increase in yield,

In runs 31 solvents were compsred. In single phase systems the
yields using formemide, acetamide, and DMFA were 16.8%, 2:.5%,
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Table XII Effect of No, C Atoms on Yield

Run Ho, Ratio: Molslity  Reaction  Temp. Yield Phase(s)
mole urea Oy in Time, °g %
mole Gx DMFA nin,

2 2.60 0.634 120 100 LL.5 "

34 2.84 0.601 120 100 hé.k "

Lo 2.69 0.611 120 100 i1 "

5J 2.65 0.628 120 100 Lka? "

Td% 2.75 0.615 120 100 —— "

# End point not obtsined in titration,



Jsble X111

fun So.

nREwEC

B
Eitie

1.057
0,989
1.0%h
a7
0.958
1.2k

Yormuletiops for Funs J

woles

UL ULT58
O.0164L8
UL 706
0. 0084L2
(636031704
u.@&é}ﬁ

-~

mole ¥

10.93
10.32
10.68
ls. 11
1041
1058

Alkyl svomide
whe wales
e
6.3 ?2 é& 36
0,958 He3
U992 641
1,093 émil
1. ?.3\3 Ga 1?3
1360 £e15

mole %

3.56
357
3.7

3
3.85

Solvent

Houe

s

L O I

whe

GeF9
10.0
10.U
10.6
10.0
30.0

moles

Ga1387
01368
e1368
001368
8 & 15
G.1368

Voluoe
Ble

10,58
10.62
10,59
10.59
10,60
10,60

re



and 13.0% respectively for a mole rstion of urse/le- bromohexsne of stmut
2,65, 0.63 molality of 1- bromohexane in solvent, resction time of 120

min., and s temperature of 100C,

The highest yield obtained was 97.9% (Run 3B) at 155 C, 2.80 mole
ratio, resction time of flive hours, and using DMFA solvent,

Effect of Chsin Length on Yield

In runs J, butyl, pentyl, hexyl, heptyl, octyl, and decyl bromides
were rescted. The yield as shown in Table XII, and Fig. 2, was un~
affected by the number of carbon stoms in the straight chain aliyl
halide. The yield wss sbout L5% for esch slkyl helide up to octyl,

The yield for 1- bromodecane was not obtained becsuse the end point was
not found during the titratiom. This effect of chain length is expected
from knowledge of alkyl hslide resctions. It 1s known that in the ree
actions of primary normal slkyl hslides with nucleophilic reagents

that the higher alkyl homologs react st about the same rate. See ree

ference (3), pages 23 and 2,

Solvents

N,N-dimethylformemide was feund to be the best solvent, ss shown
by runs 31 for le bromohexsne and runs 2F, %, and 2H for l- bromopente
ane, This solvent can dissolve 1,52 grems of uree per ml st 100G or
161 parts by weight of urea per 100 parts of IMFA, 1- bromobutsne, l-
bromopentsne, l- bromohexane, snd l- bromoheptane were found to be
soluble in DMFA in all proportions at 100°C and at room temperature.
However, when DMFA, urea, and alkyl bromide are mixed two phase gys-

tems may result; see Tables IX snd XI. The ures and alkyl bromide must
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be kept below certaln limiting concentrations in order W produce one
phase systems, The exsct limits haove not been established by these

data.



a3s

At 80°C a one phase mystem is obteined with s 8.1L mole ratio of ures/
1~ bromopentane, 1.24 molality of bromide in DMFA, 4L0.3% mole con-
eentration of ures, and a 4.95 mole ¥ concentreation of 1~ bromopentsns,
Simultenecus concentrations of urea snd slkyl bromide approaching or
higher than LO and 8 mole ¥ respectively are likely to result in two

phase systems at temperstures below 1559C.

Part I1.

The results in this part were used to calculate the second order
reaction rate constants for l« bromobutsne, 1l- bromopentane and l-
bromohexane reactions with urea. All results are for single phase
systems. Formulations are listed in Tsble XIV, Test tube quantities
sre listed in Tsble XViII. The percent yield versus resction time
curves are shown in Figs, 3; L, and 5, All ihree reactions exhibited
gimilier variation of yield versus time. The second order reaction
rete constents as indicated in Tables XV, IVi, and XVII, gre of the
sams oyder of magnitude at each temperature, for each compound ine
vestigated,

In Figure 3, for l- bromobutane, the 80°C, curve exhibits sn unususl
snd unexpscted increase in reaction rate with time nesr the end of the
reaction period. This may haeve been caused by @ loss of 1~ bromobutane
through vaporizstion, thereby increasing the uresa/l- bromobutane mole

ratio, snd thus ceusing en increasse in reaction rate,

The more exact determinstion of yield versue time in Part 11 verie

fies the deta from Part I concerning the variestion of yleld with number
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of earbon stoms in the elkyl bronmide, Fige 2, from Fart I shows that
yield ie nesrly the seme for ssch sliyl bromide up to octyl at 100%C,
end the ssme reeult 1z obtained #t 100° and 132°C for the three come
pounds used in Part 1i.



Table XIV

Mixture Ho.:

Formulation of fHesction Mixtures Ugsed in Kinetic Study

Compound weight,

gns.

19.97
19.53
501.0

50,00

She26
50040

50.05

59.52
500.0

Holes

0,831
0.361
6,85

0.832
0.359
6.8,

0.833
0,360
6.8l

Weight,
%

8433
825
83.4

8.28
8.99
82.73
8.21
9478
82.0

Holes,
z

10.35
L9
85.2

10.38
L7
85.15

10,38
Lehg
85,1

Molality
Bir in
DHFA

.72

0.718

0.720

Mole Ratio
urea/Rir

2.30

2.32

2.31

QX



Tstle LV

Adopted
’fim 3 m L 2

888°

120
150

210

¥ield and Second Urder Reaction Hate Constents, 1- Bromobutane (:M1}

80, % . 100, °C - 132, °%¢
7%, fielé,w 7%, Yieid ~ kxio4  Vt, {eld  xi0°
=l £ 1/mole-min ml 4 ml y 4
15.68 25;8 s 12:% 2103 - 33092 SS'B b
16.3h  26.9 L.48 17.36  28.6 73.6 43.24 7.1 160
17.30 28.% 5.56 20.80 34.2 LS4  LB.,08 T79.0 1us
18.48 .4 6.62 23.32 38.4 39.4 51.04  83.9 133
15.64 32.3 6,76 .96 42.7 35.2  S1.68 Bu.9 109
20.80  3h.2 7.11 27.84 K5.8 1.7 52.56 B&,5 o5
23.52 38.7 9.59 29.60 uB.7 2941 53.04 87.2 83.0
27.60  Lb.4 13.4 3140 51.6 28.4 53,52 88,2 7449

Ik



Table XVI

Adopted
Time, min,

0
30
60
90
120
150
180
210

Yield and Second Order fesction late Constant, 1- Bromopentene {RM2)

e}.
9.30 15,6
12.96 21.7
1h.36 2h.1
15.86 26.6
18.Lk 30.9
18.82 3.6

? 1/mole~min.

2.1
1h.8
12.9

A

9425
8.40

mcf ¢
m l/mle-—min
11& 90 1 9‘. 9? Eageend ol
15.88  26.6 2he9
18.62 31.4 22 .4
2l.hl  35.9 22,2
2ol LOWL 22.2
27.0L4  45.3 23,2
29.12 L8.8 22.9
34 52.5 23l

132, °C
Wm

ml 1/mole-min
.60 52,9

49,60 83,0 197

53.56 B9.5 202

55.80 93.3 202

56,86 95,0 189

56,72  SheS 153

B7.56 96.3 154

vr



Table AIVII Yield and Second Urder Meaction Rete Constant, 1- Bromchexsne (RM3)

Adopted 80, °¢ . - 100 °C - 132 %
Time, min, Vi, Yield, KxIOF Vt,  field  lodo# Vt, Yield, kxiofb
nl Z 1l/mole-min =l % 1/mele~min ul F] 1/mole~min
Q 9000 15.29 -———— 11-814 2@'6 ! oy 3{30}.2 . 5836 -
30 11.08 18.69 9.38 15.58 26,3 26.0 L42.96 72,2 216
&0 14.00 23.6  13.58 18.30 30.9 22,2 Lo.8 83,1 21k
90 15.74 26,6  12.70 21.30 36,0 22.8 52,92 89,0 202
120 23.24  3%9.2 20.9 55.60 93.6 212
150 —— —— — 25.96 L3.8 220 57.12 96,1 216
180 23.05 38.9 15.71 28.L4  u8.0 22.5 ST.bly 96,6 151
210 23.20 35.2 13.58 30,60  51.6 22.8 SBail; 9843 20

ek



Y 7/

Table XVIII Test Tube Guantities Used in Kinetic Study

Mixture No. Alkyl Weight, Volume, m} _

Bromide  gme. BT I00°C T3

9.953 10,5 108  11.1
Cg 9,928 10,5 10.7  11.1
3 Ce 9.910 105  10.7 111

A M
Y €
f =l



Table XIX  Engergy of Activgtion and Average Second Urder Heaction Hate Consiantsw

1-@1&"1-@'1
Temp. °C 80° 100° _132° DE, kcal/mole
Bl (U765 : 0.220)10~2 (3.56 : 9.55}19‘3 (11.L z 2.7310™3 14.57
RM2 (.13 * v.2s)1073 (2.30 = 0.07)10™3 (18,6 = 1.8)1073 15.03
RM3 (1.30 % v.16)1073 (2.27 = 0.10)1073 (20,9 = 0.7)1073 14,92

# Average velue X agverage deviation.
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Enerpy of Activetion

The energy of activation for the reaction of each compound in
Part II is listed in Table XIX, The small varistion in the value of
the energy of activaetion supports the asssumption that the reactions

of these compounds with ures are similar,



CONGLUSTORS

1. The yield increases with jnorsssing (uree/sliyl bromide} mole

retio, tempereture, and resction time.

7e  HyNedizethyllormamide iz the better solvent when compared to

scetemide end formemide, Its use results in higher yields and it is

sble 1o disoolve greater smounts of ures end sliyl bromide simultons

ecusly.

3. The yiela is unsffected by the mole retio of solvent to ures op

aclvent to sliyl Lromide in single phene systous, sll otber conditions
ing equal.

Ls The normsl prisary slipyl browides, fron butyl to cotyl, sll resct

21 nesrly the ssme rete under the conditions investijgsted.

Ya he second opder resction rete constants for the resclions of 1=

bromobulene, l- Lromopeatens, end le bhromohexane with ures are the same

order of magnitude st the temperstures of 50°, 100°, and 132%C,

Ge The vsluse of the eoergy of petivstion fur the 1. bromobutane, 1

tromopentane, wnd 1e bromohexans resclions are nesrly the same, vorying

from b 5T to 15,03 kilocsliories per wole,

7+ The resction is of the pecond order; first order with respect to

wres end W aliyl broalde concentrsiions,



RECOMMENDATIONS

There‘appears to be no conflict between the theory of the proposed
reasction and the experimental results obtained in this study. However,
becsuse of insufficient dats and becsuse duplicate runs were not made
for purpose of verification, fwrther investigation is recuired in order

to define the mechanism of the reactiocn with grester confidence,

Experimental Procedure

The procedure used in this study is considered to be geperally
satisfsctory. lowever, when making runs with 1- bromobutsne the use
of & water cooled condenser sbove the test tube instead of an air
cooled one mey be necesssry to prevent phc loss of 1~ bromobutane

throuzh vaporization.

Resction Mixtures

Kinetlc data should be gathered for runs where the alkyl bromide
is in exceas over the urea, in order to investigate the kinetics of the

reaction more thoroughly.

Preparation of reaction mixtures. The solvent, N, N-dimethylformamide,

ghould be heated, preferably below i}o°c, and the ures added to the

warm solvent, in order to fsecilitate its solution. The solution should
be cooled to room temperature, and then the alkyl bromide may be added,
It was obgerved that the alkyl bromides will react slowly with ures at

room tempersture, ss indicated in Table XX,



Experiments should be plammed to use the reaction mixture zs soon
a8 possible after formulstion in order to avoid introducing indetermine

ate errors caused by resctlons in the mixtuwre at room temperature.



Table XX

Reesgtion
Mixture

1
2
3

Beaction of Alkyl Bromides at Room Tempersture

Alkyl
Bromide

Cy,HgBr

GSHuBr
Cghy 3Br

Days at Room
Tewmperature

77
20
20

Tield, ¥

42.8
16.6
15.k
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