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CHAPTER I 

INTRODUCTION 

.' 

1. ~ • 
In 1917, Evans found solutions of the Grignard 

reagent in ethyl ether were comparatively good conduc-

tors of electricity and that an ele~tromotive force was 

produced when poles of different metals were inserted in 

these solutions. The magnitude of the ~otential varied, 

in some cases developing as much as 1.5 volts and in 

others only 0.5 volts. N.W. Kondyrew 2 ·measured the tem-

perature resistance coefficient of cells containing 

ether solutions of ethyl magnesium bromide and found that 

such cells produced an electromotive force. Work has 

been done on the potential developed by Grignard solutions~ 

by Dufford3 ,4. who studied over one hundred cells con-

taining organo-magnesium halides with various metallic 

electrodes and found the cells polarized readily, showed 

a voltage drift, reversal and oscillation. The electrode 

system Pt-Zn, Pt-~g, and Pt-Fe were found erratic. All 

----------------------------------------------------------~ 
1. J. Am. Chem. Soc., 39, 82 (1917) 
2. Ber. D. Deutsch. Chern. Gesell. 58, 464 (1925) 
3. J. Phys. Chern. 34, 1544 (1930) 
4. Phys. Rev. 33, 191 (1923) 

1. 



2 • 

. ' 
the above cells showed a photo-voltaic effect. 

5. . 
Hammond found that the electromotive force of Grig-

nard cells varied with age, mechanical agitation and 
.9 47 

illumination and believed the seat of the phenomena was 

at or near the surface of the electrodes. Dufford and 

Gaddum6 • in a preliminary study of'~he electrode potentials 

in cells containing ether solutions of Grignard compounds 

reported that the voltage of such cells is very sensitive 

to light and that following a change of illumination , the 

voltage may be a periodic function of time. Evans and 

Fosdick7 • found that by using a hydrogen electrode as an 

anode in cells containing iso amyl ether solutions of 

Grignard reagents potentials could be obtained which 

checked with subsequent determinations. A conalusion was 

drawn that the fluctuation of potentials of cells com-

posed of Grignard solution as observed by other authors 

may be due to the adsorption of§;ases on the anode. 

The equipment used in this investigation was the 

standard apparatus used for the determination of the 
.... 

electromotive force of a cell in the physical chemistry 

laboratory by the potentiometric method. The diagram 

5. Phys. Rev. 33 , 998 (1930) 
6. J. Am. Chern. ~oc. 49 , 1858 (1927) 
7. Doctor's Thesis , Northwestern University (1932) 

. ... 



. ' 
is given below. The sensitive potentiometer u~ed was a 

Leeds and Northrup. Type K-2, #7552. The galvanometer 

used in the circuit was a Leeds ~~ Northrup wall type 

#67,362 with a sensitivity of 0.0116 microamperes per 

millimeter. A saturated ty~e Weston Cell was used to '. check and standardize the potentiometer. 

A 
- + 

3 • 



.' 
CHAPTER II 

PRELIMINARY EXPERINffiNTS 

A few preliminary experimen,ts. were performed to 
,. "7 

observe the potential drift of cells containing Grignard 

solutions as observed by Dufford,l,2. Hamrnond,3. Gaddum,4. 

and Evans and Fosdick.
5

• '. 

Squibbs ether was washed with a saturated solution 

of calcium chloride and dried over calcium chloride, re

distilled at 350 C. and stored over metallic sodium sha

vings. Ethyl Bromide (Eastmand and magnesium turnings 

(Eastmann) were used. 

An approximately molar solution of ethyl magnesium 

bromide was prepared in ethyl ether. The ethyl bromide 

was added slowly (two hour period) to the magnesium tur- .~ 

nings after being diluted with 25 ml of ether to retard 

the reaction. The solution was allowed to stand over-

night and the following morning was found to be still 

very dark grey due to colloidal magnesium. One milliliter 

of C2H5BT was added (in excess of theoretical amount) 
--------------_ .. __ .. - --'--" - , .. ----

1. J. Phys. Chern. 34, 1544 (1930) 
2. Phys. Rev. 33, 191 (1929) 
3. Phys. Rev. 33, 998 (1930) 
4. J. Am. Chern. Soc. 49, 1858 (1927) 
5. Doctors Thesis, Northwestern University (1932) 

4. 



and solution allowed to stand another two days. The 

Grignard reagent was quickly transferred to the "Htf type 

5. 

cell as shown in Fig. 1. This cell carried a magnesium 

metal rod electrode and platinum,w1."re electrode similar to 

those used as an anode in electrodeposl tion determinations. 

The magnesium electrode was cleaned to a shiny bright sur'. face by immersion in dilute HCl, rinsing with distilled 
\ 

water, drying rapidly and inserting in a dessicator over 

CaC12 _ The data collected in tables 1 and 2 indicated a 

voltage drift over a period of several days. Graphs 1 and 

2 illustrate this fall in potential with time. Evans and 

Fosdick6 • found that the potential of cells containing 

ethyl magnesium bromide in ethyl ether using magnesium rods 

as cathodes and platinum as an anode showed a marked voltage 

increase when the platinum electrode - + 
was removed, cleaned and reinserted -~,.. t--t-

I" 1 
! 
~ 
~ 

in a cell that had been showing a 

voltage drift. Similar effects 

were found in these experiments but 
, 

it was observed that the platinum ... 
electrode did not have to be cleaned 

but merely exposed to the air for 

6. Doctors Thesis, Northwestern University, (1932) 

, 



TABLE 1 

Voltage drift in oell of approximately one molar 

ethyl magnesium bromide using el~~~rodes of magnesium 

and platinum. 

6. 

Time in Hours Temperature °c '. Eleotromotive Foroe 

0.0 23 0.855 
0.25 22 0.760 
0.50 22 0.745 
1.00 22.5 0.705 
2.00 23 0.682 
2.25 23 0.682 
2.50 23.5 0.682 
3.00 * 23.5 0.682 

22.5 * 25.5 0.681 
48.0 @ 26 0.363 
48.25 @@ 26 0.363 
48.50 26 0.878 
49.00 26 0.768 
50.00 26 0.560 
70.00 24 0.546 .~ 

* Cell was allowed to stand overnight. 

@ Magnesium electrode was removed, we.shed, dried and 

sore.ped with emery paper and reinserted in solution • 
• 

@@ Platinum electrode oleaned, heated to redness in a ~ 

bunsen burner flame, oooled in a dessioator and 

reinserted in solution. 
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. ' 
TABLE 2 

Voltage drift in cell of app~oximately one molar 
.;J. 47 

ethyl magnesium bromide using electrode of magnesium 

and platinum. 

8 • 

Time in Hours Temperature °c Electromotive Force 

0:00 
0:11 
1:00 
2:00 * 

48 :00 *"* 
264 :00 -!~** 

288:00 *** 
309:00 @ 
310:00 @@ 
311:00 
311:15 
311:30 

23 
23 
23 
23 
23 
24 
24 
24 
24 
24 
24 
24 

* Cell allowed to stand two days. 

** Cell allowed to stand nine days. 

*** Cell allowed to stand overnight. 

0.847 
0.720 
0.673 
0.664 
0.458 
0.405 
0.344 
0.312 
0.311 
0.844 
0.670 
0.655 

@ Magnesium electrode removed and cleaned and reinserted 

in solution. 

@§ Platinum electrode cleaned, dried, heated to redness, 

cooled, and reinserted in solution. 
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10 • . ' 
a few seconds and reinserted. Removing and cleaning 

the magnesium rod electrode had little or no effect on the 

observed electromotive force of the cell when it was rein-

serted. 'lihe surge in potential indiU~ed by reinserting 

the platinum electrode was short lived, and the electro

motive force dropped very rapidly. 'i'he' pIa tinum elec trode '. in the cell seemed to be the critical member of the elec-

trode system Mg-Pt. 

Since evident evaporation was taking place in these 

cells it was thought that perhaps the voltage drift might 

be due to a concentration change of the Grignard solution. 

Accordingly, a cell was devised that could be sealed after 

the introduction of the Grignard solution. It was interes

ting to note that the Grignard solution prepared above 

after standing for four days separated into two layers. 

One a dense olly layer with a brownish color, the other 

dlear water white. hvans and Rawley7. report that mag-

nesium bromide forms etherates with the solvent ethyl 

ether. A trietherate exists below l30 Ct 0.5°, above 130 C 
• 

a liquid appears. 1'hi s temperature is the transi tion 

7. J. Am. Chem. Soc. 52, 3523 (1930) 
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point to the dietherate. At a temperature above 280 C ± 

1 0 the dietherate undergoes transition to the mono etherate 

with the formation of a large amoun~ of liquid and a fine 

white crystalline precipitate which is the mono etherate. 

The oily liquid observed could be the dietherate described 

above because MgX2 is known to precifiitate from Grignard 

solutions on standing, and MgX2 is in equilibrium with 

8 
MgR2 and RMgX as shown by Noller and Castro • 

) <E-.Pl ...,R 
2(n~Butyl - Mg - Cl ~Nl8'Cl -+ Mg'E 

etherates 

To study the effect of evaporation of the Grignard 

solution on the voltage drift experienced in these cells, 

the following cell was constructed from a 50 ml distilling 

flask. Fig. 2. The magnesium, carbon, and platinum elsc-

trodes were sealed into the cell 

by means of fine platinum wire 

which was wound tightly around 

the electrodes. The electrodes 

were cleaned by immersing the 

~g electrode in HCl, washing 

quickly, drying with a towel and 

then inserting in a dessicator 

8. J. Am. Chern. ~oc. 64, 2503 (1942) 

A 
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until sealed in cell. 'I'he platinum elec trode and 

the carbon electrode were heated to redness in a 
. . 

bunsen burner flame anj cooled "In a desaica tor un-

til sealed in cell. After the cell was blown it 

was evacuated by a vacuum pump and filled with '. nitrogen gas. 

A new supply of C2H5MgBr was prepared of ap

proximately one molar concentration. The reaction 

did not take place until the contents were warmed. 

The ethyl bromide diluted in ether was added slowly 

over a four hour period. Colloidal magnesium was 

again in evidence with excess magnesiu.rn in the re-

action flask. After standing overnight 5 ml of 

C2H5Br were added and allowed to stand in the re

action flask for another 24 hours. 'I'he following 

day the solution was gently refluxed for two hours 

and allowed to stand overnight. The next day the 

Grignard solution was pumped by N2 gas into the 
• 

storage cylinder and allowed to stand, some of the ~ 

oily layer was transferred to the storage cell 

12. 
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but settled in the trap. Fig. 3. 

The clear solution above the oily layer was trans-

ferred to a cell filled with N2 gas,and the inlet and out.... , 
let tubes A and B (Fig. 2) were sealed. 

The electromotive force of this cell was studied 

for twenty-four days, the drift is s.own in graph 3 drawn 

from data in table 3. The potentials were read using a 

cell Mg-Pt and Mg-C in the same solution. The electromotive 

force of these systems eventually levelled off at approxi

mately the same potential. This seemed to indicate that 

the electromotive force may be independent of the cathode 

material. The one molar ~pproxi

mately) cell was treated with 

dry oxygen by allowing the gas 

to bubble through the inlet tube 

A and out of tube B in Fig. 2. 

The solution warmed and became 

murky ani within one hours time 

the E.M.F~ of the cell had jumped 

to 1.60+ volts. The limit of the 

Type K-2 potentiometer was just 

slightly exceeded by this procedure. 

The oxygen was bubbled through the 

------. -



TABLE 3 14. 

.' Voltage drift in approximately one molar Grignard solu-
tion using Mg-Pt and Mg-C electrode systems. 

Time in firs. 

o 
2 
3 
4 
6 
7 

23 

Time in Days 
4 
6 
7 
8 

11 
12 
13 
19 
20 
21 
22 
23 

Time in Minutes 

o 
7 

10 
35 

120 

Time in Days 
1 
2 
3 
4 

Temp. °C. 

27 
. 29 

29 
29 
26 
25 
28 

28 
22.5 
25 
27 
27 
27 
23 
23 
24 
26 
22 
19 

19 
19 
19 
19 
19 

23 
24 
22 
23 

Elec tromotive F'orce 
Mg-Pt Couple Mg-C Couple 

0.460 0.590 
0,460 0.520 
-8.<f)60 0.532 
0.430 0.513 
0.470 0.507 
0.460 0.510 
0.443 0.476 '. 
0.400 
0.328 
9.319 
0.275 
0.265 
0.270 
0.270 
0.270 
0.272 
0.267 
0.267 
0.271 

0.267 
0.590 
1.56 
ID.60 + 
1.60 -t-

1.57 
1.60 + 
1.60 + 
1.60 ... 

0.322 
0.309 
0.300 
0.283 
0.276 
0.272 
0.272 
0.270 
0.271 

. 0.267 
0.267 
0.271 

0.271 

1.00 
1.60"" 

1.53 
1.60+ 
1.60i" 
1.60 + .., 

The inlet and outlet tubes of the cell were broken and 
dry oxygen from a tank was slowly bubbled up through the 
Grignard solution for one-half hour. , The solution clouded 
bub oleared up after one hour. 
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solution slowly for about five minutes and then the cell 

was sealed by means of pinch clamps and rubber tubing. 

The E.M.F. of the molar Grignard remained at 1.6~for . 
~. 

three days with no apparent drifting. The voltages were 

identical for the electrode Mg~Pt system and Mg-C system. 

16. 

The "molar" Grignard solution ceil contained a yellowish 

oily layer in bottom of cell along with a white solid pre

cipitate.9 • The solid reacted with water and the liquid 

reacted vigorously when the cell was washed at the end of 

the experiment. 

A study of ethyl magnesium bromide in normal butyl 

ether was attempted in the hope that more sensitive solutions 

might result with greater stability due to the higher 

boiling point of n butyl ether. (140.90 C). The n butyl 

ether (Eastmann Chemical) was dried over metallic sodium 

shavings. The ethyl bromide was redistilled collecting the 

fraction which distilled between 38.40 and 38.80 C. (Boiling 

point ethyl bromide 38.40 C.) Approximately one molar ethyl 

magnesium~romide was prepared using a mercury sealed stirrer 

in this preparation. The reaction took place smoothly orr 

9. Precipitate may be R-O-Mg-Br. 2 MgBr2 as is similarly 
reported by Noller and Castro for R-O-Mg-Cl. 2MgC12. 
J. ft~. Chem. Soc. 64, 2503 (1942) 
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warming the mjxture slightly and no catalyst was necessary-

to activate the reaction. The ethyl bromide was added 

slowly over a period of two hours a~d the Grignard solution 

was very dark due to colloidal magnesium. The reagent 

was transferred to a storage chamber (Fig. 3) by being 

pUlllped over by N2 gas dried over CaC~2. 

Yhe ethyl magnesium bromide in n-butyl ether was trans

ferred to a "U" cell carrying a platinum electrode and a 

magnesium rod electrode as shown. The system was swept 

out with dry N2 gas, filled with the Grignard reagent 

and sealed by means of pinch clamps as shown in rig. 4 

The potential was followed for five 

days. The cell was not as sensi

tive as when ethyl ether was used 

as the solvent and the cell was 

sluggish and difficult to balanoe. 

Graph 4. shows the result of this 

study taken from the data in table 

4. The gtaph shows definitely the 

great sensitivity of the platinum 

electrode in the Mg-Pt couple in 

the solvent n-butyl ether as well 

as diethyl ether. 

+ 



TABLE 4 

Voltage drift in cell of ap~r9ximately one molar ,. ",; 

18. 

ethyl magnesium bromide in n butyl ether using electrodes 

of magnesium and platinum. 

Time in Hours Temp~rature °c Electromotive Force 

0:0 27 0.330 
16:0 24 0.186 
24:0 24 0.200 
25:0 25 0.195 
41:0 ., .. 24 0.197 
42:0 24 0.650 
42:30 24 0.365 
44:00** 25 0.244 
45:00 25 0.220 
45:05 25 0.200 

* Platinum electrode was w~ed with wate~heated to 

redness in a bunsen burner, cooled in a dessicator 

and reinserted in cell • 
• 

~~ .. ~agnesium electrode replaced with a clean magnesium rod. 
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Evans and FoSdick
lO

• found that the molar concentration 

of the Grignard solution had little effect, if any, on the 

electromotive force of Grignard cel~s. A concentration 

cell of one molar ethyl magnesium bromide against one-half 

molar ethyl magnesium bromide was arranged so that each 

half cell could be read individuallY,j,and as a concentration 

cell as shown in Fig. 5, by connecting the two platinum 

electrodes together. The result of this study are snown 

in graphs 5 and 6 taken from data in tables 5 and 6. Each 

half cell showed a drift and the concentration cell also 

showed a drift of electromotive force. The dilute cell was 

electro negative and the molar half 

cell was electro positive as a con-

centration cell. This cell was 

studied for seven days when con-

tinued evaporation caused the dis-

continuance of the concentration 

cell. The concentration cell 

when d isc6ntlnued still showed 

an electromotive force but drift 

of potential seemed to indicate 
Flg.S 

--------------------------------------------------- ---------
10. Doctors Thesis, Northwestern U~iversity, (1932) 
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, . 
, ... , 

TABLE 5 

Voltage drif't in cell of appr0"limately one molar ethyl 

magnesLun bromide using electrode of magnesium and plati

num, and also f'or an approximately one-half' molar solution 

using similar electrodes. 

Time in Hrs. Temp. E.M.F. Time in Hrs. Temp. E.M.F. 
°C. cO. 

0:00 25 0.420 0:00 27 0.720 
0:35 26 0,.390 1:00 27 0.695 
1:15 26.5 0.380 2:20 28 0.675 
2:35 27 0.350 3:40 28 0.664 
3:40 27 0.349 21 :15 24 0.630 
5:00 28 0.330 25:00 25.5 0.610'" 
6:12 28 0.315 44:37 24 0.580 

23:30 24 0.285 49:45 20 0.550 
25:15 25 0.275 90:00 21 0.490 
28:00 25.5 0.274 95:00 24 0.450 
47:00 24 0.280 113:35 26.5 0.540 
52:43 20 0.290 119:00 26.5 0.540 
96~00 21 0.290 141:45 28 6.470 

106:22 24 0.290 160:32 25 0.46 
124:30 23 0.292 
128:00 26 0.290 
141:00 28 0.283 
160 :35 ' 25 0.275 

, 
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TABLE 6 

Voltage drift when approximately one molar ethyl magnesium 

bromide oell was treated as a half oel\ and ooupled with the 

approximately half molar ethyl magnesium bromide oell. The 

dilute half oellw,las found to be eleotronegative with respect 

to the approximately one molar ethyl magnesium bromide. The 

platinum electrode of eaoh oell was oonneoted in series. 

Time in Hrs. Temp. 0("1 v. E.M.F. of Cone. Cell 
Measured Caloulated 

0:00 27 0.409 0.410 
1:00 27 0.370 0.370 
2:17 28 0.350 0.345 
3:36 28 0.350 0.350 

20 :39 24 0.345 0.345 
22:53 25 0.340 0.340 
24:21 25 0.340 0.336 
46:58 24 0.255 0.255 
48:16 20 0.254 0.260 
93:25 21 0.210 0.200 
98:46 24 0.1700 0.160 

116:51 23 0.2200 0.248 
122 :31 • 26 0.250 0.248 
143:00 28 0.245 0.187 .., 
161:50 25 0.220 0.185 
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eventual zero reading. A cell (Fig. 6.) was devised which 

could be sealed to prevent evaporation and which made 

use of a sintered glass micro filter to prevent diffusion -- , . 
of the Grignard solution of different concentrations. Th e 

micro filter did not perlliit the flltration of ether unless 

suction was applied. Ethyl ma.cSnesi1li:/. bromide of approxi-

mately one molar concentration was introduced into one-half 

cell of the N2 gas filled system. Approximately one-half 

molar ethyl magnesium bromide was introduced into the other 

half cell and the system sealed. The magnesium rod elec-

trodes were polished with a file and were fairly btight 

after being sealed into the system. 

An a ttempt was made to study the l:!..ly!.F. of this con

centration cell but it was very dif

ficult to balance the cell and the 

sensitivity was not very high. Un

equal gas volumes in the sealed 

half cell soon caused enough pres-

sureto fotce Grignard solutions 

through the micro fllter barrier 

and the cell was abandoned. 

A supply of anhydrous ether 

was prepared and stored over 



phosphorous pentoxide. Some one 

molar ethyl magnesium bromide was 

prepared. The preparation of this 
, . .,;., 

Grignard went smoothly without the 

neoessity o~ a orystal of 12 as a 

oatalyst. 

A oheok was desired on the 

data whioh showed the eleotro-

motive foroe of the Grignard 

oell was inoreased by the 

bubbling of oxygen slowly through 

the oell. To more effeotually 

study this voltage ohange, a oell, 

(Fig. 7.) was blown to introduoe 

the dry oxygen gas more readily 

and to control the addition more 

satisfaotorily. 

Some of the Ethyl Mg-Br 

prepared npproximately one molar 

was diluted with an equal quan-

tity of anhydrous ether and 

shaken well in a oalibrated 

mixing chamber. (Fig. 8.) 

On dilution of the molar ~jg, 8 
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Grignard solution a white murky precipitate formed which 

on shaking appears to go back into solution. 'l'his diluted 

M/2 Grignard was introduced into a cell which had been 

swept out with dry N2 gas and sealed by means of rubber 

tubing and pinch clamps at the outlets. Graph 7 shows 

the resul t of this study using the d~ta in table 7. The 

cell warmed appreciably as the 02 was.bubbled through it, 

turned murky and an oily dense liquid formed in the "u" 
tube of the cell. The electromotive force developed soon 

reached 1.60+volts slightly beyond the range of the po-

tentlometer. Since one of the products of the oxidation 

of a Grignard solution is IVigX2 it was thought wise to in

ve2';tiga te the potential, if any, developed by lilgBr2 in 

an~ydrous ether. Some MgBr2 was prepared (0.1 mole) in .~ 

anhydrous ether by permitting Br2 to react with an excess 

of magnesium turnings and then reflexing for two hours. 

A yellowish oil appeared as the reaction progresses with 

the oil layer deepening to a browning red. Some of the 

MgBr2 thu~ prepared in ethyl ether was introduced into a 

"U" type cell carrying a megnesium electrode freshly sanded 

to brightness and a platinum electrode. The cell developed 

a potential of 1.60 volts and did not drift while being 

studied for a period of four days. Graph 8 indicates the 
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.' 
TABLE 7 

Voltage drift in cell of approximately one-half 

molar ethyl magnesium bromide uskl~ magnesium and 

platinum electrodes with subsequent treatment with dry 

oxygen gas. 

Time in Hours Temperature 00 Electromotive Force 

0:00 23 0.598 
0:15 23 0.350· 
1:00 23 0.260 
1:30 23 0.250 
2:00 * 23 0.85 
3:00 22 0.338 

21:00 20 0.360 
21:48 ** 20 0.360 
22:15 20 0.619 
22:30 20 1.57 
22:40 20 1.60+ 
26:00 22 1.60 + 
69:00 29.5 1.60 + 

* Platinum electrode removed, cleaned, heated in a 

bunsen burner to redness, cooled and reinserted in 

solution. 

** Oxygeh gas from a cylinder was passed through a Ca012 

tube and into cell for twenty-five minutes very slowly. 

An oily liquid formed in "Un portion of cell and in-

creased as oxygen was added. 
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TABLE 8 

Electromotive force developed in an ether solution 

saturated with magnesium bromide using magnesium and 

platinum electrodes. 

Time in Hours Temperature 00 Electromotive Force 

0:00 25 1.60 + 
3:00 25 1.60 + 
6:00 25 1.60 + 

24:00 20 1.60 + 
31:00 21 1.60 + 
48:00 20 1.60 + 
74:00 21 1.60 + 
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TABLE 9 

Voltage drift in oell of approximately one molar 
, . 

ethyl magnesium bromide using magfre"~ium and platinum 

eleotrodes with the subsequent addition of a slight 

exoess of ethyl bromide. 

Time in Hours Temperature oC. Eleotromotive Foroe 

0:00 20 0.532 
1:10 20 0.358 
2:00 20 0.360 

18:30 * 19 0.347 
19:00 ** 19 0.343 
19:11 19 0.345 
20:00 19.5 0.342 
22:00 22 0.335 
40:30 20.5 0.344 
64:30 21 0.337 
70:00 22 0.320 

113:00 @ 25 0~S10 
114:00 @@ 25 0.200 
114:08 25 0.580 
115:08 25 0.580 
116:00 25 0.580 

* Magnesium eleotrode oleaned, dried and replaoed. 

** Ethane from a oylinder was bubbled at the rate of one .., 
bubble per seoond through the oell for five minutes. 

@ Magnesium eleotrode oleaned by sanding with emery 

paper oooled and reinserted in solution. 

@@ 1 ml of redistilled ethyl bromide added to oell. 
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summarizes this experiment. 

Another approxima tely one molar solution of C2H5Ivig-BR 

in ethyl ether v"as introduced into:Q'4<:ell ( Fig. 7.) for 

subsequent study. It was desired to study the effect of 

the addi tion of ethylene gas and 1{lgBr
1 

to the sys tern. The 

ethylene gas was bubbled through.the cell for five minutes 

very slowly. 'rhe :!vlgBr2 prepared in anhydrous ether (4 or 

5 illl were taken) was added to the dell. Considerable 

bubbling took place but the expected two layer system did 

not materialize. Nollerl1·indicated that MgC12 is more 

soluble in the Grignard solution than in ether. 'llhe 

potential fell approximately 0.1 volts as shown in Graph 

10. 

A cell containing a magnesium electrode and a tantalum 

electrode as shown in Fig. 9 was constructed. The magnesium 

was sealed in the cell through a tungsten copper wire con-

nection. The tantalum electrode Vias obtained from a radio 

tube and was sealed into the cell through a tungsten con-

nection. l'he approximately one molar Grignard solution 

was diluted with an equal quantity of ether Rnd placed 

in cell and the potential studied. After being closed 

11. J. Am. Chern. Soc. 64, 2503 (1942) 
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TABLE 10 

Voltage drift of approximately one molar ethyl 
magnesium bromide using magnesium and platinum electrodes • 

. 
,. 47 

Time in Hour s Temperature °C. Electromotive Porce 

0:00 
1:00 

24:00 
46:00 
70:30 
94:00 
97:00 * 
97:30 
97:45 
98:00 
98:30 
99:00 
99:15 

117:30 
122:30 ** 
122:40 
123:40 
126:30 
141:30 
147:30 
167:00 @ 
167:10 
167 :13 
167:30 
169:00 

25 
25 
25 
26 
27 
24 
25 
25 
25 
23 
24 
24 
24 
20 
21 
21 
21 
21 
20 
22 
21 
21 
21 
21 
21 

0.480 
0.418 
0.425 
0.420 
0.423 
0.392 
0.387 
0.415 
0.500 
0.500 
0.450 
0.417 
0.398 
0.318 
0.314 
0.226 
0.235 
0.237 
0.245 
0.240 
0.245 
0.350 
0.300 
0.270 
0.256 

* Ethylene from a cylinder bubbled slowly through solu
tion for five minutes • 

• ; .. -;r. Some magnesium bromide prepared from magnesium turnings 
in excess with bromine in ether was added to cell. The 
MgBr2 reacted violently with the ethyl magnesium bromide 
with considerable bubLling of solution. 

@ Platinum electrode exposed to air and reinserted 

". 
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38 • . ' 
overnight with rubber tubing, pinch 

clamp seals, the outlet tubes were 
flo" 

sealed and the cell studied since / 
~ ~ 

May, 1947. After being sealed, ~ 

the drift in the electromotive 
~ v 

force of the cell continued to • 

occur. Results are graphed in 1~ -, MgRo~ 

Grap~ 11, illustrating the data 

taken from Table 11. 

~ two molar solution of 

ethyl magnesium bromide in ethyl 

ether was prepared to study the 

l.-" 

~ 

hg.9 

potential developed in a more concentrat~d Grignard solution 

using Mg-Pt electrodes. The Grignard solution was very ~ 

colloidal and Was pumped into a storage cell. Ten days 

later the solution was still very dark gray. ~ome of 

this 2M (approximately) Grignard solution was transferred ~ 

to cell and the potential studied. The cell was found 

to lack sensitivity in adjusting the electromotive force 

balance and readings more accurate than ten - twenty milli

volts could not be relied upon. 'l'he cell was studied for 

two days. The platinum electrode was removed and a tung

sten wire electrode was inserted. hepeated removal and 
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"' TABLE 11 

Vil1tage drift in approximately one-half molar ethyl 
magnesium bromide using e1ectrode~Q£ magnesium and tantalum. 

Time in Hours 

0:00 
ono 
1:10 
3:30 

20:00 '"' 
22:30 
25:30 

Time in Days 

2.0 
5.0 
7.0 

15.0 
26.0 
29.0 
38.0 
40.0 
49.0 
52.0 
59.0 
62.0 
80.0 
93.0 

Time in Months 

4 
5 
6 
9 

10 
11 
12 

Temperature °c. 

22 
22-
22 
22 
21 
21.5 
22.5 

22.5 
23 
25 
21 
25 
23 
18 

22 
22 
21 
21 
22 
23 

25 
20 
21 

'"' Cell was sealed. 

Electromotive :F'orce 

0.620 
0.600 
0.571 
0.545 
0.486 
0.455 
0.455 

0.458 
0.420 
0.410 
0.380 
0.378 
0.342 
0.300 
0.200 
0.220 
0.220 
0.230 
0.227 
0.240 
0.250 

0.250 
0.240 
0.238 

.., 
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reinsertion in the Grignard solution increased the voltage 

up to 1.60~volts. This was also done with a Pt electrode 

which formed a heavy white crust .on the electrode which 
.4- 47 

still delivered 1.60~volts. ~ similar build up in po-

tential was obtained by using a carbon electrode. The 

peculiar electromotive force increa~d with the platinum 

electrode is" therefore" "nt unique to the pIa tinum elec

trode. The white crust formed on the anode material seems 

to be the requisite for the electromotive force increase 

observed in cells studied so far. The electromotive 

force drift of the a.i.~;pro.xima te1y 2M C2H5Mg-Br in shown 

in graph 12. The data for this graph are found in table 

12. 



TABLE 12 

Voltage drift in approximately two molar ethyl 

magnesium bromide using electrode of magnesium and 

platinum. 

42 • . ' 

Time in Hours 

0:00 

Temperature 00. 

25 

Electromotive Force 

1:20 

2:20 

25:20 

25 

25 

25 

0.770 

0.600 

0.510 

0.210 
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.' 
CHAPTER III 

EXPERIMENTAL STUDIE$ IN ETHYL MAGNESIUM BROIv~IDE SOLuTIONS 

.• 4" 

We thought it might be interesting to know when 

the potent~al of the Grignard cells actually developed. 

Accordingly, a cell was devised so ~hat the potential 

could be studied as the Grignard reaction took place 

in the reaction flask. An additional outlet was blown 

on a three necked Grignard flask as shown in Fig. 10. 

The ether stored over P205 was found to give a 

slightly acid reaction to lit-

mus so it was decanted from the 

P205 and syrupy H3P04 and re

distilled. This ether was used 

for the preparation of a~proxi-

mately one molar ethyl magnesium 

bromide. 150 ml of anhydrous 

ether was placed in the flask 

with 5 gm. (slightly excess) 

of magnesium turnings. 15 mI. 

mI. of anhydrous ether was 

added slowly (during the three 

44. 
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hour period) through the dropping funnel. 

No definite electromotive force could be detected 

until the Grignard reaction actua~ly started. Approximately 

10 ml of C2H5Br in anhydrous ether was added and the flask 

warmed with an electric hot plate but the Grignard did 

not start. After cooling the reac~on flask, a crystal 

of I2 was added and the solution warmed again. A slight 

opalescence appeared in cell as the Grignard solution 

started. The electromotive force developed was now LPO+ 

volts and the cell was very sensitive to small changes 

in the bucking resistance of the potentiometer system. 

A fine white precipitate seemed to form near and around 

the magnesium turnin:~:s as the reaction progressed. The 

solution took on b slightly clouded gray appearance and 

the potential fell rapidly for the first three hours. 

The addition of C2HbBr seemed to retard the fall of the 

E.M.F. somewhat, but the speed of formation of the Grignard , 

reagent appeared to be ra~id during the first three hours 

of prep~ration. The fall in potential seemed to level 

off in the neighborhood of 0.5 volts as the reaction 

appeared to stop. The stirrer was in continuous operation 

during the preparation of the Grignard compound. The 

cell was made airtight and allowed to stand overnight. 
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. ' 
The following morning, the potential had fallen to 0.195 

volts and remained approximately at 0.195 volts through

out the day with the stirrer in operation. The cell 
.• 47 

was a;ain allowed to stand overnight and when read again 

the voltai2,e was found to ba 0.190 volts. The stirrer 

was started and the potential remai~ed at 0.190 volts. 

Some Et:rtyl Bromide, 0.3 ml, was added to the reaction 

flask with an immediate electromotive force increase 

'of 0.28 volts. The voltage drifted off again until five 

hours later an eledtromotive force of 0.199 was again 

reached. The cell was allowed to stand overnight and 

the next morning an ~.M.F. of 0.193 volts was obtained. 

Some MgBr2 in ether (2 ml) was added with a slight in

crease of potential of 20 millivolts. Some oxygen was 

slowly bubbled through the cell for ten minutes. The 

solution warmed and a voltage increase of 0.1 volts was 

observed. When the cell again reached a voltage of 0.190 

some CO 2 gas was bubbled through the solution for five 

minutesr and a voltage increase of 0.07 volts was obtained. 

A grayish-white precipitate was obtained in the flask r 

which settled slowly. The cell was allowed to stand over-

night with little or no drift from the potential observed 

when the C02 was bubbled through the solution the day 



. ' 
before. 0.3 ml. of C2H5Br was added to the cell with 

an immediate electromotive force response of 0.25 volts 

an additional 2.7 ml. portion of.C2li5Br increased the 
,. 47 

potential to 0.600 volts. Graph 13 drawn from table 13 

summarizes this experiment. 

Another supply of anhydrous et.er was prepared and 

stored over sodium sha i7 in;s. It was decided to repeat 

47 • 

the above experiment wlth a new supply of anhydrous ether. 

175 ml. of anhydrous ether was added to 2.15 gms. 

of magnesivJn turnings in the reaction flask. The electro-

motive force of the cell was 0.000 using the magnesium 

rod electrode and the platinum spiral electrode. 25 ml. 

of anhydrous ether was added to the dropping funnel in 

the addition tube. 15 ml. of redistilled ethyl bromide 

was added and approximately 15 ml. of this solution was 

added to the reaction flask. The Grignard ['eaction did 

not appear to start and no voltage wad developed. The 

reactlon flask was warmed and the expected reaction did 

not take'place. An additional 10 ml. of the ethyl bromide 

dissolved in anhydrous ether was added through the addition 

tube from the dropping funnel and the solution warmed 

again with no evidence of a reaction taking place. When 

the solution had cooled to room temperature, a crystal 



TABLE 13 .' 
Vo1ta.ge drift in approximately one molar ethyl mag

nesium bromide during prepa.ration of Grignard solution 
using platinum and magnesium electrodes. 

48. 

Time in Hours Temperature OCt Electromotive Force 

0:00 
0:40 * 
1:10 
In5 
1:30 
2:40 
3:30 

24:00 
27:00 
31:00 
48:00 
49 :30 ** 
50:00 
51:00 
52:00 
53:00 
54:00 
72:00 
72 :30 ~(-** 

73 :00 
73 :20 @ 
73:30 
74 :00 
75 :15 
77:00 @@ 
78:00 
79:00 
97:00 
97=24 @@@ 
97:25 
97:28 @@§ 

24 

22 
22 
22 
20 
20 
20 
20 
20 
20 
20 
19 
19 
19 
19 
19 
19 
19.5 
19 
20 
20 
20 
20 
20 
20 

* Grignard solution definitely reacting. 
it-* 0>.3 ml of C H Br added. 

0.000 
1.60+ 
1.60t 
1.50 
1.30 
0.580 
0.513 
0.195 
0.199 
0.193 
0.190 
0.465 
0.469 
0.435 
0.390 
0.320 
0.204 
0.193 
0.215 
0.194 
0.260 
0.290 
0.280 
0.225 
0.190 
0.260 
0.260 
0.250 
0.250 
0.490 
0.600 

*** 2 mI. of Mg~r~ in ether added. 
@ Oxygen bubbled into solution slowly for ten minutes. 
@@ C02bubbled through solution for five minutes. 
@@@ 0.3 mI. of C2H5Br added. 
@@@ 3 mI. of C2H5Br added. 
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. ' 
of 12 was added to catalyze the reaction but this too 

failed. The voltage of the cell remained at 0.000. 

When the crystal of iodine was ad~ed there was a very 

50 • 

slight indication of an electromotive force being developed 

but not definite. The cell was just about to be abandoned 

when the reac tion started after tw~ hour~. 'l'he reaction 

flask had to be hurriedly cooled because of the rapidity 

of the Grignard reaction caused by the relatively large 

amount of ethyl bromide which had been added. 'l'he poten-

tial jumped definitely to 1.60+ volts and remained at 

this value for approximately ten minutes and then fell 

rapidly. Within two hours the Grignard reaction apparently 

had been completed as the ether solution no longer gave 

any evidence of bubbling and the solution had reached 

room temperature. The voltage of the cell at this time 

read 0.58 volts and it was allowed to stand overnight. 

The following morning the voltage had dropped to 0~46 

volts. The stirrer was started and the drift of the 

electromotive force was followed until the voltage 

levelled off at approximately 0.240 volts. The data Q~e 

record.ed in table 14 and the experiment is su~narized 

in graph 14. 

The cell of approximately one molar ethyl magnesium 
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TABLE 14 

Vol tage drift in appro.xilna tely one molar ethyl 

magnesium bromide during preparation using platinum 

and magnesium electrodes. 

Time in Hour s Temperature °C. Electromotive Force 

0:00 
1:00 
1:55 * 
2:00 
2:06 
2:32 
3:00 
4:00 

23 :00 ~I-* 
25:00 
26:00 
27:00 
28:00 
29:00 
30:00 
47:00 

Room Temperature 
't 
!f 

" I' 

" " 

* Reaction definitely started • 
• 

** Stirrer started. 

0.000 
0.000 
1.60 T 
1.60 t 
1.30 
0.68 
0.61 
0.58 
0.46 
0.38 
0.28 
0.24 
0.220 
0.240 
0.235 
0.246 
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bromide in anhydrous ether was further studied. 'I'his 

cell had been treated with oxygen so the electromotive 

force had reached a potential of 0,.41 volts. '1'he effect 

of the addition of one-half a milliliter of water on the 

potential was investigated. After the addition of the 

water the potential jumped to m.09~volt"! and then fell 

rapidly as shown in graph 15 drawn from data in table 15. 

It was decided to check on the possibility that a 

potential might be developed in a cell containing a 

platinum electrode and a magnesium electrode in a solu-

tion of redistilled ethyl bromide although this seemed 

improbable. Accordingly, a "Un type cell VIlas set up 

according to the above specifications and although 

checked for two days no indication of the development 

of an electromotive force occurred. Previously, in the 

preparation of the ethyl magnesium bromide, no electro-

motive force was developed in the system platinum versus 

magnesium in anhydrous ether and furthermore, since no 

electromotive force was developed even after the addition 

of ethyl bromide, it would seem to be fairly conclusive 

proBf that the potential developed in these cells was 

definitely dependent on the Grignard reagent. 



. ' 
TABLE 15 

Voltage drift in approximate~~,one molar ethyl 

magnesium bromide in anhydrous ether usIng magnesium 

and platinum electrodes with the subsequent addition .. 
of one-half milliliter of water. 

54 • 

Time in Hours Temperature °C Electromotive Force 

0:00 * 
():40 
1 :00 

20:00 
21:00 ** 
21:15 
21:20 
21:30 
22:30 
24:00 

22 
22 
22 
21 
21 
21 
21 
21 
21 
21.5 

0.41 
0.41 
0.41 
0.41 
0.41 
1.092 
1.000 
0.900 
0.740 
0.725 

* Cell had been previously treated with oxygen gas 

and flowers of sulfur so the "platea~ voltage of 

approximately 0.20 to 0.24 volts was not recorded 

here.' 

** One half ml. of distilled water added from a pipette 

to the cell. 

, 
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In order to study the effect of the concentration 

of the Grignard solution on the potential developed at 

56. 

equilibrium a solution of approximately half molar ethyl . 
. ;;, 47 

magnesium bromide in anhydrous ether was prepared. It 

was desired to prepare 200 mI. of this half molar Grig

nard solution. 2.5 gms. of magnesi1f!1 turnings (Eastmann) 

were added to 170 mI. of anhydrous ether in the reaction 

flask. The reaction flask carried a freshly sanded mag-

nesium rod electrode as well as the platinum spiral elec-

trode. The system was swept out with dry nitrogen gas. 

7.5 mI. of redistilled ethyl bromide in 30 mI. of anhydrous 

ether (dried over sodium shavings) was added throu2;h the 

dropping funnel. The reaction flask was similar to the 

flask used in previous preparations. (Fig. 10.) 

There was no evidence of an electromotive force being 

. developed before the addition of the ethyl bromide from 

the dropping funnel. Approximately 10 mI. of the ethyl 

bromide in anhydrous ether from the dropping funnel was 

added th~ough the addition tube and although the solution 

was warmed on an electric hot plate and stirred rapidl~ 

there was no evidence of an electromotive force being 

developed. The Grignard reaction had not started. After 

one hour of further attempts to activate the reaction 

between the magnesium and the ethyl bromide a small 
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crystal of iodine was added to serve as a catalyst. On 

subsequent warming, there was evidence of the Grignard 

readtlon starting and the vOltage jumped ra~idly to 1.60"" 

volts. The voltage remained at 1.60.volts for about 

ten minutes, then fell rapidly to 1.20 volts. The ethyl 

bromid~ was slowly added during a ~riod of approximately 

one hour and the electromotive force of this cell con-

tinued to fall. The voltage fell to a value of 0.46 

volts when the stirrer was stopped and the cell was al-

lowed to stand overnight. The next rrorning the voltage 

had fallen to 0.216 volts. The stirrer was started and 

the voltage drifted to an apparent plateau at approximately 

0.200 volts. The data are recorded in table 16 and sum-

marized in graph 16. 

To investigate the effect of various cathode elec

trodes coupled with the magnesium rod electrode in this 

approximately half molar ethyl magnesium bromide solu-

tion electrodes of tungsten, copper, carbon, and zinc 

were usdd. The electromotive force of the cells were 

studied with a simultaneous check in the same solution 

of a magnesium platinum system. The "plateau" voltage 

of the control electrode system varied somewhat during 

the course of these experiments, but not appreciably, 

the variance being from 0.215 volts to 0.247 volts. 
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TABLE 16 

Voltage drift during the preparation of approximately 
. 

half molar- ethyl m!::gnesium bromid:e"\lsing platinum and 

magnesium electrodes. 

Time in Hours 

0:00 
0:55 * 
0:57 
1:00 
1:15 
1:30 
1:45 
1:50 
2:00 
2:30 
3:00 
4:00 
5:00 
6:00 

24:15 
28 :37 ' 
48:00 
54:00 
72:30 
74:00 
96:00 

144:00 

• Temperature °C. 

21 
21.5 
20.5 
21 
ijl 
21 
22 
23 

Electromotive Force 

0.000 
0.000 
1.30 
1.55 
1.50+ 
1.60~ 
1.20 
1.04 
0.87 
0.60 
0.58 
0.57 
0.48 
0.43 
0.216 
0.215 
0.220 
0.230 
0.233 
0.236 
0.240 
0.250 

* Some evidence of reaction taking place as indicated 

by very rdld bubbling of a solution. 
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The avera;e voltage of the control electrode system mag-

nesium platinum was approximately 0.24 volts as is shown 

in graph 17. As a result of this study it seemed to in

dicate thEtt the potential developeA ... .,in a Grignard solution 

may be independent of the cathode material used. In the 

cells studied all seemed to drift in the direction of the .. 
magnesium platinum control system. 

Before this solution of approximately one-half molar 

ethyl magnesi~ bromide was discarded, it was decided to 

study the effect of the further addition of redistilled 

ethyl bromide on the electromotive force developed by 

the cell. Since the ethyl bromide in former experiments 

had been introduced through a dropping funnel, it was 

thought that perhaps some entrspped air may have caused ... 
the voltage surge. To avoid the possibility of introduction 

of air in the s'Y stem wi th the introduction of the ethyl 

bromide an addition tube was used. An 8 rom. glass tube 

was drawn to a small capillary at one end. Some ethyl 

bromide Was introduced in the tube and then the tube was 

warmed and some of the ethyl bromide was vaporized. The .., 

heavy ethyl bromide vapors displaced the air and while 

the tube was warm the top of the tube was sealed. 

This sealed tube was placed in the reaction. 
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TABLE 17 .' 

Voltage drift in approximately one-half molar ethyl 
magnesium bromide solution using various metals as cathode 
material. The magnesium platinum electrode system was 
maintained simultaneously as a control. (Temperature varied 
between 21°C. and 23°C.) . 

.• "'I 
Mg-Tungsten System 

Time in Hours Electromotive Force 

0:00 
1:00 

19:15 
20:45 
21 :15 
23:30 

0:00 
0:10 
1:00 
1:30 

19:30 
25:30 
44:00 

0:00 
0:30 
1:00 
2:00 
4:30 

24:00 
48:00 

0:00 
0:02 
0:04 
0:12 
0:23 
0:38 
1:08 
2:08 
3:08 

Mg-Cu System 

Mg-C System 

I4g-Zn System 

0.58 
0.43 
0.220 
0.200 
0.206 
0.207 

0.587 
9.500 
0.330 
0.327 
0.280 
0.265 
0.260 

0.620 
0.460 
0.425 
0.390 
0.360 
0.300 
0.266 

0.60 
0.48 
0.40 
0.33 
0.30 
0.285 
0.263 
0.250 
0.250 

Mg-Pt Stnstem 
Electromotive Force 

0.216 
0.198 
0.202 
0.203 

Mg-Pt System 
0.220 

0.206 
0.205 
0.215 
0.230 
0.235 

Mg-Pt System 

0.235 
0.237 
0.236 
0.237 

0.240 
0.250 

Mg-Pt System 

0.246 

0.247 

0.247 
0.247 
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flask as shown in Fig. 11. The 

voltage of the cell was checked 

and then the addition tube was 

broken-in the cell with the 

help of the leverage of the 

stirrer. The weight of the 

ethyl bromide in the tube was 

0.5149 gms. When this sample 

was broken in the cell, the 

voltage jumped approximately 

0.20 volts, and then fell 

. ' 

again to the original voltage after twenty-four hours. 

Graph 18 drawn from table 18 illustrates these results. 

An approximately two molar solution of magnesium 

ethyl bromide in anhydrous ethyl ether was prepared for 

63 • 

further study. IJ.'en grams of magnesium turnings, 200 ml • 

of anhydrous ether and 30.5 mI. of redistilled ethyl brb-

mide were used. The procedure followed in previous pre-

paratiods was followed. In this experiment all stoppers 

used were well rolled corks. In this more concentrated 

Grignard solution, the reaction took place smoothly 

without the necessity of a catalytic agent, mere warming 

being suffioient to to activate the reaotion. The eleotro-
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TABLE 18 .. .. ., 

Voltage drift in approximately one-half molar ethyl 

magnesium bromide using magnesium a~ platinum electrodes 

with subsequent addition of excess ethyl bromide. 

Time in Hours Temperature 00. Electromotive Force 

0:00 22 0.228 
0:55 * 21.5 0.230 
0:57 21.5 0.390 
1:00 21.5 0.4@0 
1:30 21.5 0.410 
2:00 21.5 0.390 
2:30 21.5 0.370 

20:00 20 0.300 
21:00 20 0.240 
22:00 20 0.235 
25:00 20 0.230 

* Sealed tube of 02H5Br (0.5149 gms.) Broken in reaction 

flasl!. 
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motive force of 1.60+ volts did not develop until the 

Grignard reaction was definitely taking place. The voltage 

of 1.60+volts was maintained for ~pproximately twenty 

minutes and then fell rapidly. The ethyl bromide in 

anhydrous ethyl ether was added during the course of two 

hours. The solution of the Grignarj reagent was very 

dark due to oolloidal magnesiura and the voltage had 

dropped to 0.51 volts. The solution was allowed to sta nd 

overnight and the drift in potential was studied the 

following day with the stirrer in oontinuous operation. 

The potential fell to 0.230 volts. The oell was studied 

for three more days, and the eleotromotive foroe reaohed 

a value of 0.2000 volts during the last two days. The 

"plateau" voltage was the same as that obtained for the ~ 

one molar and the half molar ethyl magnesium bromide solu-

tions. The data for this experiment are reoorded in table 

19 and graphed in graph 19. 

The magnesium rod and platinum spiral electrodes 

were left in the solution as oontrol eleotrodes and 

various other metal cathoues were introduoed to substitute 

for the platinum eleotrode. The following eleotrodes 

were used as cathodes: aluminum, zinc, carbon, tungsten, 

and oopper. The potential of the cell magnesium versus 
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TABLE 19 

Voltage drift in approximately two molar ethyl mag-

nesium bromide in anhydrous ethyl ether using magnesium 

and platinum electrodes. Voltag.& ' .. 'traced during the 

Grignard preparation. 

Time in Hours 

0:00 
.0:20 
0:26 
0:31 
0:50 
0:53-
0:55 
1:00 
1:30 
2:00 
2:30 
3:00 * 

17:05 
19:00 
21 :45 *.* 
64:30 
66:45 
68:30 
91:45 

Temperature °C. 

23 
23 
23 
23 
23 
25 
25 

* Cell allowed to stand overnight. 

.. 
0.000 
0.000 
1.60+ 
1. 60 1 
1.60 -'. 
1.35 
1.20 
0.90 
0.58 
0.43 
0.50 
0.58 
0.50 
0.34 
0.280 
0.213 
0.200 
0.218 
0.204 

** Cell allowed to stand two d8ys without reading. 
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TABLE 20 

.;;. .;., 
Voltage drift in approximately tVIO molar ethyl magnesium 

bromiqe solution in anhydrous ethyl ether using electrodes 
of magnesium and various metals. !Jlhe magnesium platinum 
electrode system was maintained as a control and readings 
were taken simultaneously usin~ the'4ilystem magnesium pla
tinum and magnesium metal. 

System Mg-Zn 
Time in Hrs. Temp. E.~l.F. 

°C. 
0:00 
0:05 
ono 
0:25 
1:05 
1:50 

21:50 
23:50 
44:20 

0:00 
ono 
0:20 
0:45 

24n5 
71 :30 

0:00 
On5 
1:00 
2:00 
5:00 

24:10 
29:00 
50:00 

System 

System 
• 

25 
25 
25 
25 
25 
25 
26 
26 
25 

IVig-C 
25 
25 
25 
25 
25 
25 

Mg-W 
25 
25 
25 
25 
25 
25 
26 
26 

0.300 
0.280 
0.270 
0.260 
0.247 
0.240 
0.227 
0.230 
0.225 

0.55 
0.47 
0.415 
0.285 
0.246 
0.230 

0.760 
0.680 
0.530 
0.460 
0.410 
0.233 
0.250 
0.220 

System Mg-Pt 
Time in Hrs. Temp. E.ID.F. 

°C. 

0.10 
0:25 
1:05 

. 1 :50 
21:50 
23:50 
44:20 

on.o 
0:20 
3:45 

24:15 
71:30 

on5 
1:00 
2:00 
5:00 

24:10 
29:00 
50:00 

25 
25 
25 
25 
26 
26 
25 

System Jy~g-Pt 

25 
25 
25 
25 
25 

System IvIg-Pt 

25 
25 
25 
25 
25 
2.6 
26 

0.225 
0.210 
0.208 
0.205 
0.197 
0.210 
0.225 

0.238 
0.240 
0.237 
0.220 
0.232 

.., 
0.250 
0.230 
0.226 
0.225 
0.230 
0.226 
0.229 



System Mg-Al 
t]1me 1n Hr.. 'famp. S .... I',. 

, O. 
0100 26 0.650 

0.510 
O.UO 
0.110 
0.26''1 
0.226 
0.220 
0.218. 

0'05 26 
0,30 se 
0145 SiS 
2:15 26 

22:45 26 
25:35 26 
45:'S 25 

S18tatm JIg-Cu 
sa 0.680 0&00 

0.01' 
0105 . 

26 0.830, 

1100 
lIsa 
3100 

" 24,00 
'. '2e.OO 

52,aO 
'71 diO 

2.5' 0.430 
25 0.3iO 
21 0.323 
,25 0.280 
ae 0.243 

. 16 O.a23 
27 0.236 
8' 0.226:1:/" 

- ,f, 

'i 

71. 

·' 

St·tam JIg'" 
Time 1n Hre. T:~p. .1 .... 1'. 

0.4& 
2115 

82:45 
26.35 
45't5 

1:S0 
1.00 

24.00 
26JOO 
02.30 

-;:',;'1'60 

"". 
0.230 

, O.~25 
0.230 
0.280 
0.235 , " 
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. ' 
the drift in potential might be due to some product of 

possible slight electrolysis while the cell was being 

balanced during the many readings. The preparation was 
." 4; 

73 • 

similar to those formerly studied. There was no evidence 

of the development of an electromotive force until there 

was an indication of the Grignard ~action taking place. 

The potential jumped to 1.60 ...... volts and after three 

minutes fell rapidly. The ethyl bromide was added 

during the course of one hour and forty minutes to the 

reaction flask. Within three and one half hours the 

voltage had fallen to 0.198. 

The platinum electrode which had been standin~ in 

the solution during the Grignard preparation was now 

used as a catnode and the electromotive force of the 

cell measured. 'rhe electromotive force of the cell re-

mained practically constant (0.193 volts). This result 

indicated to us that the drift in potential of the cell 

was not due to possible electrolysis products being 

built up on the electrodes during the balancing of 

the cell with the potentiometer. 

The voltage of the cell remained in the neighbor-

hood of 0.2000 volts for over fifty five hours. The 

da ta recorded in table 21 are graphed in graph 21. 
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TABLE 21 

Voltage drift in cell of ethy~ magnesium bromide 

(0.71 M) in anhydrous ethyl ether using electrodes of mag-

nesium and platinum. 

Time in Hours 

0:00 
0:07 * 
0:18 ~r* 
0:21 @ 
0:24 
1:05 00 
1:45 
2:15 
3:00 
3:30 

22:00 
23:00 
27:00 
49:00 
51:30 

Temperature °C. 

25 
25 
25 

26 
26 
26 
27 
27 

Elec tromot ive 1<'orce 

0.000 
o.oob 
0.000 
1.60 
0.70 
0.51 
0.51 
0.350 
0.196 
0.198 
0.200 
0.200 
0.190 
0.205 
0.196 

* 5 to 10 ml. of diluted C2H5Br added through dropping 

funnel. 

** Ether solution warmed. 

@ Grignard solution reacting definitely. 

@@ Grignard solution very dark and colloidal negnesium. 

. 
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Various metal electrodes were inserted in the cell 

as a third electrode probe. The metals used were alumi-

num wire, and copper wire, size ,#~8, and a zinc strip 

eledtrode 1.5 cm. x 8 cm. The electrodes were filed 

and sanded to brightness with emery paper wiped with 

a towel and stored in a dessicator.over CaC12 until 

removed for use. The electrodes were inserted as 

quickly as possible and the voltage drift on the systems 

Mg-C:u, Mg-Zn, and Mg-Al studied. The cell Mg-Pt was 

read generally either just before or after the voltage 

of the others were recorded. The voltage of the fug-Pt 

system remained practically constant through these de-

terminations and the electromotive force of the other 

cells drifted to the equilibrium or plateau voltage 

of the Mg-Pt system. Data from table 22 illustrated 

in graph 22 depict these findin6s. 

A sample of the approximately one molar ethyl mag-

76 • 

nesium bromide was removed and analyzed by the titratio n 

1. T method of uilman. he ethyl magnesium bromide had 
~ 

been standing in contact with excess magnesium for six 

days wi th intermittent stirring. r1ihe analysis indica ted 

a molarit~T of 0.71. 'l'he reaction was only 707b complete 

on the basis of the expected one molar preparation. 

I,. J. Am. Chern. Soc. 45, 150 (1923) 
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TABLE 22 

Voltage drift in cell of (0.71 M) molar ethyl magnesium 

bromide in anhydrous ethyl ether uS,ing mac;nesium and various 

metal electrodes. The magnesium platinum electrode system 

was kept as a control electrode pair. 
0.) 

Mg-Cu ystem 
Time in Hours 'I1emp. E.M.F. 

°C. 
'. .. Mg-Pt System 

Time in Hours Temp. E.M.F. 
°C. 

0:00 26 0.500 0:00 26 0.198 
0:02 26 0.430 
0:12 26 0 .. 270 
1:00 26 0.210 1:00 2(; 0.198 

19:00 26 0.194 19:00 26 0.200 
20:00 26 0.198 20:00 26 0.200 

Mg-Zn System Mg-Pt System 

0:00 25 0.430 0:00 25 0.200 
0:47 25 0.250 
2:10 26 0.230 2:10 26 0.200 
3:00 26 0.210 ; 
4:00 26 0.200 

24:00 27 0.200 
28:30 27 0.206 28:30 27 0.196 

Mg-Al System Mg-Pt System 

0:00 26 0.650 0:00 26 0.200 ono 26 0.300 
0:15 26 0.230 
1:30 26 0.200 1:30 26 0.190 

21:3Q 27 0.194 .., 
26:00 27 0.198 26:00 26 0.200 
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CHAPTBR IV 

EXPEHIMENTAL STUDIES WITH N-PROPYL 

MAGNESIUM BROMIDE SOLUTIONS 

.' 

A further study of the voltage drift in a one-half 

normal propyl mag~esium bromide solution in anhydrous 

ethyl ether was atte~pted. It was ttought that the effect 

of the n-propyl group might influence the equil~brium 

voltage of the cell and throw some insight into the rela

tive electronegativity of the ethyl and n-propyl radicals. 

An approximately one-half molar solution of n-propyl 

magnesium bromide was prepared in anhydrous ethyl ether 

using the previously described techniques. N-propyl bromide 

(Eastman) was redistilled collecting the fraction boiling 

between '71 0 and 720 C. for use. 

The voltage of the cell was found to be 0.0000 before 

the addition of the n-propyl bromide. Approximately 5 - 10 m • 

of the n-propyl bromide (9.1 mI. of C3H7 Br in 25 ml of 

ether) was added and the voltage remained 0.0000. After 

standing for one hour a slight white precipitate was in .. 
evidence around the magnesium turnings in the reaction 

flask. The solution took on a gray opaqueness and the volt

age jumped to 1.6~volts, and there was definite indication 
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of the Grignard reaction taking place. The voltage remained 

in the range of 1.60+volts for approximately twelve min

utes and then fell rapidly within tpe next two hours to 

0.76 volts. The voltage continued to drift slowly for eleven 

days when a plateau or equilibrium potential of approxi

mately 0.22 volts was attained. Th~results are illustrated 

in graph 23 drawn from table 23. 

Various metal poles were inserted in the cell to be 

used as cathodes to study the effect, if any, of inter-

changing a copper, zinc, or aluminum electrode for the plat-

inurn electrode used. The platinum electrode remained in 

the solution so that a control Mg-Pt voltage could be 

checked against the various other Mg-metal pairs. In this 

experiment difficulty was encountered in the drift of the ~ 

Mg-Cu system. After 91:30 hours the Mg-Cu cell was shorted 

for one hour and permitted to stand over the week-end. The 

vol tage after sh orting for the one hour period was found .,. 

to be 0.050 volts. The voltage rose to 0.230 and remained 

at 0.230 ~olts for twenty-four hours. 
~ 

The data which again seemed to indicate that the volt-

age developed in this Grignard solution is independent of 

the cathodes used so far, namely platinum, copper, aluminum, 

and zinc, are listed in table 24 and graphed in graph 24. 
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TABLE 23 

Voltage drift in 0.44 M solution of n-propyl magnesium 
bromide in anhydrous ethyl etheru~ing magnesium and pla
tinum electrodes.;;' .. , 

Time in Hours Temperature 00. Elec§romotive ,. 
0:00 15 
0:05 * 15 
0:30 16 
1:02 ** 1:08 
1:15 
1:20 
1:23 *·:Hf. 
1:30 
1:55 
2:35 
3:00 
3:30 

71:00 20 
71 :10 @ 20 
94 :00 24 

143:00 26 
166:00 25 
192:00 23 
263:00 24 
290:00 25 

* 5 mI. of 03H7Br in anhydrous ether added. 
** Evidence of Grignard reaction starting. 
**~f. All 03H7Br in anhydrous ether now added. 
@ Mg electrode cleaned and reinserted. 

0.000 
0.000 
0.000 
1.500 
1.58 
1.60+ 
1.60 t 
1.20 
1.10 
0.92 
0.85 
0.80 
0.76 
0.52 
0.52 
0.44 
0.33 
0.29 
0.228 
0.230 
0.220 

Force 
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TABLE 24 

Voltage drift in 0.44 M n-prppyl magnesium' bromide 

solution using various metal probes as cathodes. The 
, . .. ,,;, 

magnesium platinum couple was maintained as a control elec-

trode pair with an average voltage of 0.240 • 

• Mg-Cu System Mg-Al S~stem 
Time in Hrs. Temp. E.M.F. Time in Hrs. emp. E .M.F. 

°C. °C. 
0:00 25 1.10 0:00 2b 0.07 
0:15 25 0.80 0:05 25 0.92 
0:30 25 0.70 0:10 25 0.72 
1:00 25 0.60 1 :00 2b 0.32 
3:00 25 0.52 1:30 25 0.30 
7.:00 25 0.45 23:30 26 0.280 

19:45 25 0.43 26:30 23 0.250 
43:30 26 0.40 74:30 21 0.230 
67:30 26 0.40 98:30 25 0.250 
91:30 24 0.39 

139:00 20 0.230 
163:00 22 0.230 

Mg-Zn System 
0:00 24 0.500 
0:05 24 0.42 
0:40 24 0.280 
2:00 24 0.260 
5:00 24 0.254 

23:33 26 0.240 
29:00 26 0.240 
45:30 25 0.240 

~ 

* Mg-Cu electrode system shorted for one hour and the E.M.F 

dropped to 0.050 volts. Cell was allowed to stand over 

week-end. 
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To study the effect of an addition of a small quantity 

of n-propyl bromide to a cell near the equilibrium or plateau 

vol tage the pole electrodes were .r~moved from the above 
.;, 4"7 

cell. 0.3912 gms of redistilled n-propyl bromide wereintro

duced into the cell by the technique previously described 

in Fig. 11. The voltage of the cel)j. was approximately 

0.275 volts before the sample of n-propyl bromide was 

broken in it B.nd then jumped rapidly to 0.46 volts in a 

period of three minutes and continued to rise until a value 

of 0.700 volts had been attained and then the E.M.F. fell. 

This result is similar to those :previously studied in the 

ethyl magnesium bromide cells. The data in table 25 depicts 

these results in graph 25. 

The reaction cell was set up following previously dis-·~ 

cussed techniques and an approximately one molar solution 

of n-propyl magnesium bromide in anhydrous ethyl ether 

was prepared. No voltage was in evidence until the Grignard , 

solution had started working. The voltage jumped to 1.60f 

and then fell rapidly to 0.620 volts. The required amount 

of n-C3H7Br was added through the dropping funnel during 

the course of three hours. The stirrer was stopped and 

the solution allowed to stand overnight. The following day 

the voltage of the cell continued to fall until a plateau 
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TABLE 

Voltage drift in cell of n-propyl magnesium bromide 

• 

86 • 

in anhydrous ether using magnesium and platinum electrodes 

with subsequent addition of a small excess of n-propyl 

bromide. 

Time in Hours Temperature 
0

0 Electromotive Force 

0:00 20 0.270 
2:00 23 0.272 
5:00 24 0.270 

24:00 22 0.280 
24:30 * 22 0.280 
24:33 22 0.460 ... 
24:35 22 0.590 
24 :40 22 0.600 
24:50 22 0.800 
25 :15 24 0.700 
27:00 24 0.640 
50:00 24 0.490 

* Small quantity of n~C3H7Br added ( 0.3~n2 gms.) 
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had been reached in the neighborhood of 0.240 volts. A 

sample of the solution was withdrawn for analysis according 

to the method of Uilmanl • and found to be 0.87 M instead of 

approximately one molar as anticipated. The fall in poten-

tial with time for this ~ell is shown in graph 26 drawn 

from data in table 26. 

Zinc" copper and aluminum electrodes were substituted 

for the platinum electrode as the cathode in the Mg-Pt 

couple. The Mg-Pt couple was kept in the same solution 

as a control electrode pair. The results of this study 

seemed to verify previous findings that the potential of 

these GrignaI'd cells studied is independent of the metal 

coupled with magnesium in the electrode system. The data 

are listed in table 27 and graphed in graph 27. 

A similar experimentwas performed with a solution 

of n-propyl magnesium bromide prepared so that the concen

tration of the Grignard solution would a.h)proximate - two 

molar. The voltage of the cell remained at 0.000 until 

definite ~vidence of the GrignaI'd reaction was apparent. 

The voltage then jumped to 1.60+ and remained in this 

vicinity for approximately ten minutes and then fell 

1. J. Am. Chem. Soc." 45" 150 (1923) 



TABLE 26 

Voltage drift in 0.87 M n-propyl mEgnesium bromide 

in anhydrous ethyl ether using eleotrodes of magnesium 

and platinum. 

Time in Hours Temperature °C. Eleotromotive .. 
0:00 0.000 
0:20 * 0.000 
m:3O ** 0.000 
1:00 0.000-+ 
2:00 -;}-;}* 1.60 
3:00 1..60 + 
3 :15 0.24 
3:30 0.90 
4:00 0.81 
5:00 @ 0.78 
6:00 0.62 

24:00 @@ 17 0.61 
26:00 17 0.38 
29:00 19 0.27 
53:00 19 0.258 
76:00 19 0.240 
99:00 20 0.237 

124 :00 19 0.240 

* 3 ml of n C3H7Br in ether solution added. 

** Solution warmed until gentle reflexing took plaoe. 

***Evidenoe of Gfignard reaotion starting • . 
@ All the required C3H7Br added. 

@@ Stirrer started. 

89. 
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TABLE 27 
.q .,;., 

Voltage drift in 0.37 K n-propyl magnesium bromide 

in anhydrous ether using various metal electrode systems 

with a magnesium platinum electrode ';pair as a control 

electrode system. 

Mg-Cu System Mg-Zn System 
Time in Hrs. 6emp • E.M.F. Time in Hrs. Temp. E.M.F. 

C. °C. 
0:00 20.3 1.02 0:00 19 0.520 
0:05 20.3 0.59 0:05 19 0.330 
0:10 20.3 0.54 0:18 19 0.270 
0:30 20.3 0.44 1:45 19 0.253 
1:00 20.3 0.41 20:30 19 0.230 
4:00 20.3 0.255 21:30 19 0.230 

21:30 20 0.230 22:00 19 0.235 
23:30 20 0.230 23:00 19 0.24'0 

". 

Mg-Al System 

0:00 19 0.70 
0:03 19 0.51 
0:07 19 0.38 
0:45 19 0.30 
1:06 18.5 0.29 
3:00 19 0.27 

24:15 20 0.240 
25:00 20 0.232 
48:00 20 0.240 
49:00 20.3 0.238 
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rapidly until an equilibrium or plateau voltage of approxi

mately 0.200 volts was obtained. A sample of the solution 

was removed and analyzed in accordan.ce with the titration 
.• >If; 

method recommended by Gilman2 • and found to be ID.69 molar 

instead of the anticipated moiliarity of two. Apparently 

the reaction had not gone to completi;vn. -The data in this 

experiment are recorded in table 28 and graphed in graph 

28. 

Probes of zinc, copper and aluminum were again used 

as cathode material with the usual Mg-Pt system as a control 

electrode pair. The average Mg-Pt voltage during these 

experiments was approximately 0.21 volts. The various 

cathodes listed above when coupled with the magnesium elec-

trode as an anode showed a characteristic voltage drift ~ 

which eventually approximated the voltage of the Mg-Pt elec

trode system. The Mg-Cu couple which was approaching the 

Mg-Pt control voltage slowly was snorted for approximately , 

fifteen minutes. The voltage fell to 0.090 volts and 

then rose "to the control vOltage of the IY1g-Pt system and 

remained there for two days. The da ta for these experiments 

are recorded in table 29 and the results illustrated in 

graph 29. 

To study the effect of the addition of a small quantity 

2. J. Am. Jhem • ~oc., 45, 150 (1923) 
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TABLE 28 

Voltage drift in 1.69 M n-propyl mRgnesium<bromide in 

anhydrous ethyl ether using magnesium and platinum elec-. 
trodes. 

Time in Hours Temperature 00. Electromotive Porce 

0:00 23 
,. 

0.000 
0:20 * 23 0.000 
1 :15 23 0.000 
1:22 ** 1.60 -t 
1:30 1.60 -f-
1:32 1.15 
1:35 1.00 
2:00 *** 0.66 
3:00 O. '75 
4:00 0.'75 
4:30 @ 0.'75 
5:00 0.6'75 
5:15 23 0.665 

23:35 ~ 25 0.660 
23:30 25 0.590 
30:00 25 0.220 
4'7 :10 25.5 0.200 
51:30 25 0.190 
'72:00 25 0.193 
'73:30 (~ 25 0.205 

* A few ml of 03H'7Br in ether added (36 ml of 03H'7Br 

+20 ml of ether.) 

** Solution warmed, Grignard solution started. 

*** Solution darkening, evidence of colloidal magnesium. 

@ All necessary 03H'7Br added. 

@@ Stirrer started. 

~< Sample taken fDr analysis 
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TABLE 29 

Voltage drift in 1.69 M n-propyl magnesium bromide 

solution using various metals as p~thodes (zinc, copper and 
,. 4; 

aluminum) and maintaining the magnesium platinum electrode 

system as a control electrode pair • 

Zn-Mg-System .. Al-M" System 
E .F 

0 

Time in Hrs. Temp. '.M. • Time in Hrs. Temp. E.M.Fl. 
°C. °C. 

0:00 25.5 0.300 0:00 25 0.800 
0:13 25.5 0.270 0:04 25 0.570 
0:15 25.5 0.250 0:06 25 0.470 
2:25 25.5 0.235 oao 25 0.370 
3:25 25 .5 0.240 0:20 25 0.330 

21:55 25. 0.230 0:40 25 0.300 
23:55 25. 0.222 1:20 25 0.277 
26:25 25. 0.217 21:55 24 0.204 

22:40 24 0.200 
23:40 24 0.205 
24:40 24 0.206 

Cu-Mg 
.:J ystem 

0:99 19 0.800 
0:02 19 0.630 
0:20 19 0.480 
1:20 19 0.370 
2:20 19 0.355 

46:20 20 0.280 
47 :20 * 20 0.270 
48:20 20 0.206 
49:50 20 0.230 
71:20 20 0.236 f'> 

Average electromotive force of Mg-Pt control electrode 

system during these readings was 0.2100 volts. 

* Copper magnesium electrodes shorted for 15 minutes. 
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of n-propyl bromide on the 1.69 molar cell at equilibrium 

vol tage, a small quanti ty of n-C3H7Br was weigherj out. 

0.6610 grams were weighed out and sealed in a tube free . .. .. , 
from air, and introduced into the cell by means of the techni-

que pr9viously described. (Fig. 11.) The Mg-Pt electrode 

system had been at a voltage of approximately 0.220 for 

two or three days when the saruple of n-C3H7Br was intro

duced. The voltage jumped to 0.7000 volts within five minutes 

and then drifted to the equilibrium voltage of 0.223 again 

in about twenty four hours. It is interesting to note 

that the fug-Pt electrode system was shorted for a period 

of forty minutes. the voltage dro~ped to 0.05 volts but 

climbed back to 0.230 volts again in a period of about six 

hours. The results of the effect of the addition of n-C3H7Br 

to this cell are tabulated in table 30 and depicted in graph 

30. 

~ 



TABLE 30 

Voltage drift on the addition 01 0.6610 grams of 

n-propyl bromide to cell of 1.69 M n-propyl magnesium 

bromide using electrodes of magnesium and platinum. 

Time in Hours Temperatura °C. Electromotive 

0:00 20 0.217 
1 :10 20 0.210 
5:00 20 0.215 

48:00 19 0.220 
48:15 *' 20 0.220 
48:20 20 0.700 
48:30 20 0.700 
49:00 21 0.630 
50:00 21 0.580 
53:00 21 0.490 
54:00 21 0.460 
73:00 22 0.223 

*' 0.6610 grams of C3H7Br broken in cell. 

99. 
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CHAPTER V 

DISCUSSION OF' RESULTS 

.4- .",-., 
The chemistry of the Grignard solution is not simple. 

To adequately describe and interpret experimental facts 

101. 

1. 
gathered since Grignard reported his. work with these solu-

tions, a highly complex system of equilibria must be postu

lated. fuany of the facts concerning the nature of the 

Grignard reagent have been made possible by the study of 

the electrolysis products of these solutions ~nd the fact 

that diox~e is capable of precipitating R-Mg-X and Mg,X2 

but does not precipitate R2Mg. 

Jolibois2suggested that Grignard reagents should be 

designated as R2l\'lg- Mg X2 and hot R, MgX. Evidence was 

presented by Schlenk: and Schlenk3 and Gilman and F'other-
4. 

gill for the following equilibrium: 

2 R MgX +=t R2Mg+ Mg X2 

Gilman and Brown5 • have distilled R2Mg from methyl magnesium 

chloride underreduced pressure whereas Noller 6,7. .' 
1. Compt. rend., 130, 1322 (1900) 
2. ibid 155, 353 (1912) 
3. Ber., 62, 920 (1929) 
4. J. Am. Chern. ~oc., 51, 3149 (1929) 
5. Rec. trav. Chern., 48, 1133, (1929) 
6. J. Am. Chem., Soc., 53, 635 (1981) 
7. J. Am. Chern. Soc., 59, 1354 (1937) 



. ' 
has shown that dioxane precipitates Mg X2 and R Mg X from 

ether solutions, and proposes for the Grignard reagent 

the formula: 
,""-10 .. , 

R2 Mg Mg X2~R2Mg"" Mg X2 

8 Evans. and Lee 4 e l ec trolyzed ether solutions of Grig-

102 • 

nard compounds. On electrolysis of C~H5MgBr an equivalent 

weight of spongy active magnesium was deposited on the cathode 

per It'araday. The concentration of iVlgBr2 increased in the 

anode compartment and anodic products of the electrolysia _ 

were ethane,ethylene and traces of hydrogen. To explain 

their findings the following mechanism was suggested. It 

was assumed that tne (C2 H5)2Mg }jig Br2 was slightly ionized 
. +~ ~ ~ 
yielding a (Mg, ) and a rrC2 H5)2Mg Br~. The EC2H5 )2 MgBr~ 
lost two electrons at the anode and liberated two free ,~ 

ethyl radicals and lVlg Br2 • The two free ethyl radicals 

disproportionated, forming C2H6 and 

B~~ 

Br I -
(Active spongy on cathodet 

e. J. Am. Chem. Soc., 56, 654, (1934) 



In our investigation the following experimental facts had 

to be interpreted: The cathode in the electromotive force 

cells studied was extremely sensitive to exposure to the . 
. 4t .,;., 

atmosphere. The voltage drift could not be attributed to 

change in concentrations of the cells due to evaporation. 

The minamum voltages attained in thes; cells, which leveled 

off at approximately 0.2000 vo~ts, was independent of the 

anode metals used and the concentration of the Grignard 

solutions studied. 

We believe the sensitivity of the cathode electrode 

to the atmosphere may be explained by the rapid oxidation 

of the Grignard reagent due to absorbed oxygen on the 

cathode electrode on reinsertion in the cell. Goebel 

and Marve19 • have shown that Grignard reagents react rela-

tively slowly with 02 at ·room temperature and that the 

reaction rate increases as the temperature is lowered. Such 

an oxidation taking place in a cell in which equilibrium 

had been approached would disturb that equilibrium and 

increase the electromotive force of the cell until 

equilibrium had been again established. 

~( /Br 2 Mg+ 2 C2 H5Br~ C2H5)2-Mg-Mg, 
Br 

Noller and Cast~olO. have shown that oxygen may cause 

9. J. Am. 0hem. ~oc., 55, 1693 (1933) 
10. J. Am. Chem. Soc., 64, 2509 (1942) 

103~ 



. ' 
precipitation of relatively insoluble R-O-Mg-Cl which may 

bring down wi th it Jrg!.J12 to form an ul tima te precipi ta te 

of the complex form. 

R-O-Mg-Cl. 

This reaction would further disturb the equilibrium, driving 

it to the right, and thus increase tht potential of the 

cell if the potential is due to the oxidation and reduction 

reaction. 

The drift in potential in a sealed cell, we believe, is 

due to the establishment of an equilibrium in the Grignard 

solution. 'llhe fact that an equilibrium or plateau voltage 

is encountered in our studies after long periods of obser

vation seems to check with the results of NollerlQ in his 

work of studying the composition of alkyl magnesium chloride 

in ethyl ether. Noller found that equilibrium in these 

solutions is not approached rapidly, but may take as longas 

50 to 150 hours. 

If the reaction at the cathode in these cells is mersly 
I ~ _ 

tha t of reducing the ~2H5J radical to ~2H5] as found in the 

104 • 

Grignard reagent then the electromotive forces of these cells 

10. JAm. Chem. Soc., 64, 2509 (1942) 



105. 

should not be affected by the nature of the cathode metals 

studied. The cathode metals studied: platinum, copper, zinc 

and aluminum apparently served as inert electrodes, facili-
.. '. -t 

tating the reduction of the positive9 Ct2H5 ) radical to 

• ~uch an explanation seems plausible because 

the nature of the cathode metals studied so far seems to have 

" no unique effect on the equilibrium voltage attained in 

these oells. 

The experimental fact that an equilibrium voltage of 

approximately 0.2000 volts was reached for cells of various 

concentrations of ethyl magnesium bromide is most interesting. 

The cells studied were approximately 0.5 molar; one molar 

and two molar in concentration and all reached the same 

potential. One would expect a difference in the equilibrium 

yotentials built up in such cells. Similar results were 

ob;ained in n-propyl magnesium bromide solutions studied 

over the concentration range 0.44 molar, 0.87 molar and 

1.69 molar. In these cells, if the concentration of the 

magnesium vromide was constant at equilibrium and controlled 

the potential, then the electromotive foroe should have bee n 

oonstant. 





used. These experimenters indicated the structure of the 

Grignard reagent to be on ionization: 
.,.... l-

2 R Mg X ~ Mgt2-Mg-X~ 
The oonstant of equilibrium for this~&.nization may be re-

presented by the expression: 

++ ~ 

K == [M&1 ~2MgX~ 
.. (R MgXJ~ 

In this expression K would be independent of the concentra-

tion because on dilution the ooncentration factor of both 

numerator and denominator would be equally affeoted. 

If we oonsider the eleotromotive force of the oell to 

be determined by the expression 

E 2 Eo -t" 2.303 RT log K NF 

107. 

then potential of such a system should remain constant as 

long as the factor K, the equilibrium con-stant, remained the 

same. The interpretation given above would also explain the 

experimental facts noted in this investigation. 



108. 

CHAPTER VI 

CONCLUSION 

In this study, we have made the!~llowing contributions 

to the electrochemistry of the Grignard reagent. 

1. We have found that the voltage drift in cells contain

ing solutions of ethyl magnesium bromi~ in anhydrous ethyl 

ether using magnesium and platinum electrodes is not due 

to a concentration change due to evaporation. Cells sealed 

to the atmosphere showed this voltage drift. 

2. The cathode electrode is the sensitive member of the 

electrode system in the cells studied. The magnesium anode 

had little, if any, effect upon influencing the electro-

motive force of the cell once equilibrium had been approached. 

3. There is noV indication of a development of an electro- ~ 

motive force until there is evidence of the Grignard re

action taking place in these cells. 

4. The equilibrium potential, using a magnesium anode, is 

independent of the cathode metals used in these studies • . 
Cathode metals used were: platinum, copper, zinc, and 

aluminum. 

5. The equilibrium potential of these cells studied is 

independent of the concentration of the Grignard solutions 



109. 

studied. Concentrations varied approximately from 0.5 molar 

to 2 molar. 

6. A cell at or near the equilibrium potential is very . •• sensitive to small additions of the alkyl halide, oxygen 

or water. The electromotive force rises suddenly, indicat

ing a probable dependence upon equilibrium conditions. 

7. The equilibrium voltage reached by the cells studied, 

ethyl magnesium bromide and n-propyl magnesium bromide, 

is independent of the two alkyl groups present in the 

Grignard reagents. 
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