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·tirn REJ-1CTION BETWEJ~N NI'.l'ROGEN AN:D METHANE 

IN TRE SILENT ELECTRIC DISCHARGE 

Introduction 

1 

The importance of nitrogen compounds has been rec­

ognized for more than twenty years, yet it has nnly 

been during the last five years that any serious at­

tempts have been made in this country to develop the 

existing nitrogen fixation processes upon a commercial 

scale. This has been due to a diffidence towards the 

industry by financial leaders and a serious dificii:rn.cy:,/ 

of technical data which is essential to the commercial­

ization. 

At the present time the cyanamide and Haber pro­

cesses are the most promising. Ammonia is the prin­

cipal product from both of these. '.J.1he commercial pro­

duction of cyanides is almost solely dependent upon the 

fusion of calcium ayanamide with carbon and sodium 

chloride. Another method which has been tried upon a 

commercial scale with some success is the Bucher pro­

cess1 ).by which sodium cyanide is leached from an elec-

tric furnace product. 'I1he power requirements are 

1) J.E.Bucher, J.Ind . .t:ng.Chem., 9, 233-253 (1917) 
A.H.White, J.Ind.Eng.Chem.,11, 231-237 (191'/) 
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about the same as for the Haber process, and the oper-

ating temperature is nearly 1000°0. The charge con-

tains considerable sodium carbonate which causes rapid 

corrosion of the furnace. The demand for liquid hydro-

cyanic acid has greatly increased du.ring the last few 

years due to its use as a fumigant and in rodent con-

trol. This demand is supplied at present by treating 

crude cyanides with strong sulfuric acid and redistill­

ing the product. 

The Lipinski hydrocyanic acid process1 ) has been 

given no atte~tion commercially, although a great deal 

of experimental work ha s been done. A mixture of pure 

nitrogen and some hydrocarbon gas such as methane, eth­

ane, ethylene or acetylene, diluted with hydrogen, is 

subjected to q high tension spark discharge which 

causes a reaction of the following type to occur. 

CH4 + N2 = HCN + 3/2 H2 
CH4 + N2 = HCN + NH3 
C2H2 + N2 = :; 2 HCN 

Lipinski2 ) in 1911 reported that mixtures of 

CH4 , N2 and H2 were quantitatively converted into HCN 

when passed over a 2000 volt arc between platinum elec-

trodes. Carbon was deposited from mixtures containing 

1) R.C.Smith, Unpublished thesis,California 
Institute of Technology, (1920) 

2 ) A.V.Lipinski, Zeitsch. Electrochem. 
1 rr, 761-?64 (1911) 



over 20 percent methane. i 1his wa s l a ter claimed to 

rn the original work of Ivloscicki1 ). Briner and 

Ba erfuss2 ) in l<J20 obta ined a concentration of o. Y/5% 

HCN by volume in a mixture of one part CH4 and :five 

3 

parts N 2• ·l 1he best results were obtained with a po ten-

tial of 505 vol ts between pla tinurn electrodes and \.Vi th 

the ga s at a pressure o±' 100 mm. of mercury. 'l1he 

yield was ? .39 gr ams ot· HCN and 0.L.l:8 grams of 1~-H3 per 

kilowatt-hour. 

fhe greatest diff iculties with t his process seem 

to be the deposition of carbon from undiluted mixtp:res, 

probably due to thermal decomposition of the p.ydro-

carbon in the spark. The electrical efficiency would 

na turally be low and such a process is of little value 

i n t h is country . Dr. A. A. Noyes suggested tha t i f the 

silent d ischar ge woul~ effe ct the desired rea c t ion, t he 

yielcLs coulcl be ma t eria lly i ncrea sed a s the el ect rical 

ener gy consumpt ion is quite low f or l a r ge gas capaci ty. 

Purpose 

I t i s the purpose of thi s wor k to investiga te 

t he Lipinsk i rea ction in t he silent discha r ge) and i f 

1 ) 1. ~oscicki, Zei t sch • Electrochem. 17, 87 7 (1911) 
2 ) E . .B riner arni A. Baer±'uss, Helvetica Chim. 

Ac ta ., 2, 663-666 (191 9 ) 
Synopsi s , Chem. and l:let. En1:; . 22 629 (1920) 
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the same rea ction occurs , to study the cond.i tions which 

will give the grea t est efficiency. 

Historical 

f he earliest rec ord or the effect of the s ilent 

dischar ge upon H 2 and H2 w-as report ed by ;.1'hena rd. 1 ) in 

l lJ76 who stated tha t the rea ction was induced by the 

discharge. At the same time he found. t hat C 2H4 :p olyrn-

er i zes i n the silent discha r ge . - 2 ) Gerthelot , three 

years l ater, reported thn t H2 and J:J2 react and. t ha t NH3 

is de composed i n the dark discha r ge to produce an eq_ui-

librium mixture conta i n ing ;5;'6 NH3. Methane, ethane 

and ethene yield a little acBtylene, free H2 and resin~ 

ous condensat ion products,as well as the liquid conden­

sation product discovered by Th~nard., (lac. cit. ) 

Lt5b, in his book, 11El cctrochemistry of Or ganic 

Comp ounds '', reviews some experiments of Berthelot6 ) in 

which he subjected a mixture of equal parts of N2 and 

CH4, to a closed ozou.izer discharge for 24 hours. 

The i"ollowing equa t ion is ty-_pica l for all hydrocarbons 

1) Thenard, Compt. rend., 76, 1508 (1 873) 
Review by J.N.Collie, Journ. Chem. Soc. 

1905, T 1540-48 
2) Berthelot, Bull. Soc. Chim. 26, ( 2 ) 101-104 

Abstract, Journ. Chem. Soc. 1876, A(2), 596 
3 ) Berthelot, Compt. rend., 126, 567 (189 8) 
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used. No evidence of HCN or NH3 was reported. 

100 CH4 + 100 N 2 = 117.7 H2 + 3.4 CH4 
+ 74 N2 + solid Cg H12 N4 

Gaudechon1 ) found that cyanogen is decomposed in 

the silent discharge with tho liberation of N2 and a 

brown solid subs"tance is formed whose composition varies 

with the pressure,capacity of apparatus and potential. 

It is not a simple polymerization product of cyanogen. 

2) Le Blanc and Davies found the rate of decompo-

sition of dry NH3 in the silent discharge a t constant 

temperature and current to be nearly proportional to 

the pressure. '.l.'he temperature coefficient is small, 

the rate being doubled by a temperature rise of 160°0. 

The rate is not directly proportional to the current 

as expected, but is nearly doubled by an increase of 

one- -third in the current. Dilution with H2 decreases 

the rate of decomposition, but N2 increases it. The 

luminosity of the discharge is increased by N2, but not 

The law of mass action was found not to hold. 

1) ~aadechon, Compt, rend., 143, 117-119 (1906) 
Abstra0t, Journ. Chem. SoC:-:- 1908, A (1), 731 

2) 11/Iax LeBlanc and John. Davies, Z ei tsch. 
Electrochem. 14, 361-366 (1908} 

Abstract, Journ. Chem. Soc':",~' A (2), 653 
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Briner ana Durandl)·investigated the effect of 

both the spark and the silent discharge upon a mixture 

of N 2 and. C 2H6 at a temperature of -7 8° C. '.L'he silent 

discharge gave less HCN and more condensed hydrocarbons 

than the spark discharge. The spark discharge pro-

duced carbon, H2 HCN, Nff3 and. higher hydrocarbons. In 

some experiments with N2 and C2H2, HCN was found to pre-

dominate over NH3. The silent discharge produced no 

carbon from pure C 2H6 at -?8° c. 

Theoretical 

The nature of the various electric discharges 

has 110t been well explained and muoh confusion has re­

sulted from ·jjhe inexact use of the terms, 1
' electric 

discharge", "dark discharge", 11 brush discharge", npoint 

discharge n, etc., in re:t'erence to the silent discharge. 

The silent discharge is not silent, but consists of a 

mu.l 'lii tude ot· minute sparks Vlihich cause a crackling. 

B.K.Rideal
2

) in his book entitled, "Ozone " , gives 

two volt-ampere curves taken fr-om 'foepler which a re re­

procLuceu in :tigures 1 and 2. 

1) Hrinor and. Duranei., Jou:cn. Chirn . .i:'hJs. 7, 1-3 0 
Abstract,Journ. Chem. Soc. 1~69, A (1)7 125 

2) E.K.Rideal, "Ozone 11
, Consta'ETe"and ~o.,Lonc1on(l92()) 



Al though these curves are for . point to plate dis­

charges, they will hold for the alternating current 

discharge. 
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As the potential di4rence i .? gradually increased, an 

invisible dark discharge occurs at ~bout one hundred 

volts. This dark discharge gradually changes to a 

visible glow, starting with a few bright spots in the 

discharge tube. No great increase in current occurs 

until the brush discharge starts. The corona dis-

8 

charge is shown as lfglow discharge 11 in the figure, but 

the use of a large diameter inner electrode prevents 

the corona formation. 

The base of the brush discharge produces the 

greatest amount of ozone. The inser~ion of a solid 

dielectric allows the electrodes to be brought closer 

together without forming an arc, thereby bringing the 
' 

gas into the most active part of the discharge. 

The mechanism by which the chemical reactions 

take place under the influence of the various electric 

discharges is not understood. This is true of ozone, 

but the conditions for formation have been fairly 

well established. 

The ultra-violet radiation from the aluminum or 

iron spark appears to be a contributing factor,as the 

yield of ozone is greater when one of these metals is 

used as an electrode. However, most of the ozone for-

mation is due to ionization resulting from the bombard-



ment of atoms by primary or secondary electrons. 

That the electrons are largely of secondary origin, 

Lindl) shows from experiments of Warburg. One gram-

equivalent of ozone, under favorable conditions, re­

quires less than 100 coulombs instead of 96,500 which 

would be required if the ionization resulted solely 

from primary electrons. Reactions may take place 

when the ionized constituents are together under pro­

per conditions, so that the equilibrium conditions 

9 

would b e dependent upon the ionization product. 

Anderegg 2) has calculated the minimum potential neces­

st1ry to ionize N on the basis of the quantum theory 

and. he has obta ined the value of 9 vol t s from recent 

data. Similarly, the minimum potential for ioniza tion 

o±' O was set at 6.4 volts. Comnercial operation of 

ozonizers is very s a tisfactory at 8000 volts, from 

which, by direct proportion, a po~ential of 11, oOO 

volts should be sufficient for ionization of Nin an 

ozonizer. 

Another theory of the Lipinski reaction is based 

upon the existence of an active forr11 of nitrogen. 

1) s . C .Lind , 11 1.1he Chemical l<Jffects of Alpha Particles 
and. Electrons", Chem. Cat. Co. (1921) 

2) :B'. O.Andereeg , Science, 50, 49 (1919) 
Abstract, Chern. Abs ., 13 , 3090 (l<Jl9) 
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Strutt1 ) found that pure nitrogen, when subjected to 

the action of an electric discharge from a Leyden jar 

in an exhausted tube, underwent a change. The gas re-

mained chemically active for a short period and reacted 

with acetylene to form cyanogen. 

Wendt and Grubb 2 ) recently announced that an 

active form of nitrogen had been obtained in a corona 

discharge of 20,000 volts from fine wires in pure nitre-

gen a t atmospheric pressuEe. Under most favorable 

conditions as much a s 4~o is made active and reacts 

readily with H2 to form NH3 and. with 02 to form nitre-

gen oxides. It is unlike Strutt's nitrogen which is 

obtainew only aj low pressures and which does not react 

with H2 or O 2• It forms slowly and_ persists for hours 

afterv1ard. . It ha s an odor resembl ing formal dehyde. 

The concentration of ozone in the silent dis­

charge is much greater than that corresponding to ther-

mal equilibrium. A small increase in temper atur e , 

causes a very mar ked decrease i n concentration, by 

i ncreasing the r at e of decomposi 0ion. 

1) R.J.Strutt, Proc. Roy. Soc. ,85A, 21 9- 229 (1911) 
86A , 56- 66 , 262-269 (1911);87A, 179-188 (1912) 

Abstraet. Journ. Chem. Soc. 1911, A(2) 482 ; 
1912, A(2), 153; 447 ; 935 -

2 ) G.L. Vvend t and A. c. Grubb, Report of St .Louis meet­
ing of the Am. Chem.Soc., Chem. and Met. Eng., 

22, 771 (1920) 



The products of the Lipinski reaction, NH3 amd HCN, 

are quite sta-Dle at ordinary temperatures, but the 

equilibrium concentrations are extremely small . 

11 

.An increase in temperature sufficient to produce a 

desirable concentration would cause a decided decom-

position of methane. Refrigera tion should be unneces~ 

sary as there are no high rates of decomposition 

i:(;lvolved.. 

The fixation of nitrogen as N205 in the silent 

discharge (corona) ha s been investigated. by Hard. ing 

anc1 Mc Eachron1 ). Air wa s passed through a discharge 

tube which diffors from the usual ozonizer. The 

corona takes place hetween an aluminum tube six inches 

in diameter and an aluminum rod. _five eights of an inch 

in d.iarneter. To increase the corona and prevent the 

formation of a power arc, a glazeu porcelain tube one 

half inch thick was placed between the two electrodes. 

The potential used was approximately 30 kilovolts. 

The results obtainea show the greatest yield at a crit­

ical velocity of about six liters per minute under a 

pressure of '/80 mm. of mercury, the highest pressure 

used . Under these conditions the yield was 9.8 grams 

HN03 per kilowatt-hour. 

1) C.Francis Harding and K.B. Ifo Eachron, Journ. Am. 
Inst. Elec. Eng. 39, 405-415 (1920} 
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The silent discharge does not appear to activate 

N2 and cause it to react in the same manner that the 

high tension spark does. It is possible that HON may 

nave been an intermediate product in the formation of 

CaH12N4 reported by Berthelot, but neither of the 

Lipinski reaction products were reported. 

Ammonia appears to be produced to the extent of 

au out 3% by volume in pure nitrogen and hyc1rogen, but 

~his may be due, not to nitrogen activation, but to 

an active form of hydrogen1 ). Active hydrogen is 

1>.t.·o;::sent in the glass tube ozonizer at 10 to 20 kilo­

volts potential to the extent of only 0.01%, but it's· 

reaction with nitrogen has been demonstrated. 

In order to calculate the eq_uilibrium concentra­

tions and the energy req_uirements of the Lipinski re­

ac t,ion, use was made of data :from n1andolt-BBrnstein~'. 

12000 cal. 

2) Lewis and Brighton have calculated the free 

1) G.L.Wendt and R.S.Landauer, Journ. PJner. Chem. 
Soc., 42, 930-945 (1920); ,..1,4, 510-520 (1922) 

2) G.N.Lewis and T.B.Brighton, Journ. Amer. Chem. 
Soc., 40, p. 489 (1918) 
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energy of the following reaction: 

The approximate free energy of the following reaction 

b . . db L . - K l) was o -ca1.ne y ew1.s ann eyes • 

HCN( aq.) = HON( g) ; ~ F298 = + 1390 cal. 

By addition, the desired equation is obtained. 

The free energy of methane is given by Lewis and 

Randa112 ), and that of ammonia by Lewis and Adams3 ). 

6F~ga = - 12,800 cal. 

3/2 H2 + ½ N2 = NH3 ; .6Fzgs = - 4740 cal. 

Hence: CH4 + 1J' N2 = HCN(g) + 3/2 H2 ; 
;6F~98 = + 37,611 cal. { 1) 

and CH4 + N2 = HCN(g) + HH3 ; ~F~ga = + 32,871 cal. ( 2) 

The equilibrium constant is readily obtained from the 

relation ~F = - RT ln K. 

( PH2)3/ 2 ( PHC!I) = K = 

(pCH4} (pN2)l 

1) G.N.Lewis and D.B.Keyes, Journ. Amer. Chem. 
Soc., 40, p.475 (1918) 

2} G.N.Lewi.s and Merle Randall, Journ. Amer. Chem. 

( 3) 

Soc., 37, p.469 (1915) 
3) G.N.Lewis and E.Q.Adams, Journ.Amer. Chem. 

Soc., 37, p.2309 (1915) 



and. 
( ::c;HH 3 ) ( PHCN) 

(pCH4) (pN2) 
= K = 9.68 x 10-25 

14 

( 4) 

On the basis of equation (4) the thermal eqilibrium 

concentration of NH3 or HCN would have a maximum value 

of 4.9 x 10-11 % for 25°C. 

Experimental 

The nitrogen was prep:c,. red by pass ing air and H2 
1) 

over red hot Cu and CuO . Na tural gas containing 

85% methane was also passed through the tube of Cu and 

CuO to remove small amounts of oxye;en, due to air, from 

the ga s. '.I.'he mixture was later found to contain 60% 

N 2• A temperature of 600° C. , measured by an iron­

constantan thermocouple ~~s most s~tisfnctory for the 

combustion of 02 in air. A temperature of 4'75°C. 

caused no appreciable decomposition of CH4 and the small 

amount of 02 in the na tural gas was quickly removed. 

11he gas was stored in a large carboy over '1 transil 11 oil, 

from which it was displaced by a ir-free water with a 

constant pressure syphon. 1he ga s was dried over 

CaCl2 before pas s ing through the c1i schar ge tube. 

A number of discharge tubes were constructed and 

tested as ozonizers before one was found satisfactory. 

1) Geo. A. Hulett, Journ. Amer. Chem. Soc., 
2'7, 1415-1418 (1905) 
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The tube used is shown in detail in fi g . 3. :Pyrex 

gla ss tubing was used as the dielectric as it withstands 

a greater potential difference and is also to be obtain­

ed with a more uniform cross section than soft gl a ss 

tubing. Care was taken to keep the gas space in the 

tube small, permitting a rapid removal of product.s from 

the discharge with slow rates of flow. The inner elec­

trode was made of one inch aluminurn tubing supported 

by metal plugs. The distance betwe en the electrodes 

through which the discharge took place was 1.0 mm . 

( O. 040 in.). Water v✓as used to cool the dielectric 

and was also used for the other electrode. 

As there was no high voltage transformer avail­

able, one was constructed as a part of this work. A 

tertia ry coil having an exact ratio to the secondary 

was provid 0d so that a voltmeter could be used to ob­

tain the appr ox ima te voltage . The primary \V'a s tapped 

to provide for secondary voltage control without the 

use of resistance. 

was 16,000 volts. 

l1he max i mum voltage obta inable 

The NH3 was abs orbed directly in lJessler's re­

agent in several prelimi nar y r1ms, mnk:ing a test for 

HCN impossible. A l a rge yellow precipitate formed 

which did not resemble that formed by NH3 . It may 
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have been the white precipitate (colored by the 

ammonia) which acetylene forrns in Nessler 's reagent. 

It was avoided entirely by absorbing the NH3 in dilute 

IIH03 and. removing the other gas by hea ting and c1rawing 

a slow current of a ir through the scrubbers. The 

acid solution was then neutra lized with NaOE and 1 cc. 

of Nessler's reagent added. A blank was made to 

which an ammonium chlorid.e solution was adcLed until 

the small precipita tes were ma tched. The solution 

conta ined approxin~tely 0.1 mg . of NH3 per cc. A 

dilute standardized solution of NH40H was used in the 

blank :for run 9 and the result o·bta ined wa s more a ccu­

r a te than in the previous te s ts. 

The I-IC:U , c-1.fter pas s ing through the acid, was ab-

sorbed by d ilute NaOH in a horizonta l tube scrubber. 

One d_rop of stam1a,Tdized. 1/ 20 lJ i1.gll0 3 gave a permanent 

precipita te of Ag I in the acicl..ifiocl solution to which 

KI had been added. l!1 or this rea son, no HON was re-

ported in most of the runs, a lthough small amounts may 

have been present. The Liebig method of determining 

HCH wa s not extremely sensitive, so the phtha lin re­

a ction1 ) wa s used in run 9. The t ·est was sensitive 

to less than 0.001 mg . of HCH if the solution is first 

1) C.F. Ritchie, Thes is, California Ins titute of 
Technology . (1922) 
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made acid and then alkaline , but it is not sensitive 

otherwise . 

several runs . 

The following table gives the results of 

Run I'otential Rate Gas Vol . % by Vol . .~v . 1emp. 
no. Volts cc . /hr . . cc . HH3 HCN o C. 

4 14 , 600 260 130 0 . 08 26 . 5 
5 14 , 600 530 265 0.06 23.0 
6 5,050 163 163 0 . 04 22 . 3 
7 5 , 050 1062 354 0 . 03 23 . 8 
8 16 , 000 83 83 0 . 14 30 . 9 
9 16 , 000 95 95 0 . 089 0 . 003 31 . 5 

yellow aromatic substance was deposited on the 

aluminum electrode and on the inside of the Pyrex tube . 

rt was tacky and qu ite soluble in cold water . A 

similar substance was condensed from illuminating gas 

(oil gas) when passed through the discharge . 

Photograph of Apparatus Used. 
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Conclusions 

The concentra tion of HH;5 wa s 8reatest under the 

highest potent i a l used and t he rate of fo r ma t i or,. was 

ex tremely low. r e~uiring s low r ates of flow. Lack of 

time did not permit a s~udy of the effect of t empera-

t ure, The ex tremel y small amounts of HH3 and HCH 

found i ndica t e t ha t r adica l changes i n t he experimenta l 

cond itions a re needed to s ecure r esult s comp~r able to 

t hose obta ined by other electr ica l methods . The si­

lent electric d i s cha1·ge i s not sat i sfactor y fo r t he 

Li p i nsk i rea ction and in future investigations . a t ten­

tion should be directed toward h i gher v oltage s and tlB 

effect of t he corona d i schare; e from fine wires . "..i:he 

h i gh tension spar k , if sprea d by an electromagne tic or 

el ectrosta tic field, would pr esent a greater surface 

t o t he gas es. or pressures greater t han a t mospher ic 

-.:ould i ncrea se t he amount of ga s in con t a ct with t he 

a rc. 
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