
Table IV. Year Effect on pH, Total 
Acidity, Chlorophyll, and Carotene 

Content of Broccoli 
(Moist basis) 

Component 
Analyzed 1963” 1964 tr 

Drv matter. ‘7 11 85 1 1 . 4 5  1 . 9 9  * 

Chloroph ylls, 
mg. / l o o  
grams 

a 1 4 . 2 3  1 1 . 7 2  5 . 9 1  * * *  
b 5 . 2 1  4 .00  8 . 2 7  * * *  
Total 1 9 . 4 3  1 5 . 7 0  6 . 8 4  * * *  

Chlorophylls, 
reten- 

tion ~ ~ ~~ 

a 9 6 . 2  9 3 . 3  2 . 3 5  * 
b 9 5 . 4  9 2 . 3  0 . 7 8  
Total 9 4 . 7  9 2 . 0  2 17 * 

Chlorophylls a 
to b 2 . 7 2  2 . 8 9  1 . 4 6  

Carotene, mg. / 
100 granis 0 . 8 8  0 . 6 8  5 . 9 5  * * *  
a Means of 72 samples. Means of 36 

samples. One and three asterisks in- 
dicate significance at 5 and O.lCc levels, 
respecti\ ely. 

coefficients of pigments and plant acids 
i t  ith available i\ eather data i t  ere incon- 
clusive for this field study. T-ariable 
factors such as lag in effects of climatic 
conditions. plant age, and metabolism 
were probabl) involved in the failure to 
establish a relationship bet\\ een climatic 
conditions and pigments or plant acids. 

Total chlorophyll and carotene con- 
tents of broccoli had highly significant r 

values for both 1963 and 1964: 0.75 and 
0.84, respectively. This relationship 
\vas reported earlier by Porter and co- 
workers (70): \vho found a ratio of 
chlorophyll to carotene in S\viss chard 
and beet greens of about 24 to 1. In the 
present study, the ratio for broccoli \vas 
22 to 1 in 1963 and 23 to 1 in 1964. 

Total chlorophyll and ascorbic acid 
contents of broccoli also ivere highly 
correlated with an r value of 0.51 for 
1964. Therefore. the higher the chloro- 
phyll content of the broccoli gro\vn in this 
experiment. the higher were the ascorbic 
acid and carotene contents of the broc- 
coli. 

A highly significant T value (-0.74) 
for total acids and pH of broccoli \vas 
found in 1963. Ho\vever. the 1964 value 
(0.15) \vas not significant. The relation- 
ship benveen total acids and pH of plants 
is not clear. Highly significant negative 
correlations bet1veen total acids and pH 
of lima beans have been found by 
Graham (I) in the author‘s laboratory. 
Sideris and Young ( 7 7 )  stated that al- 
though p H  and acidity in pineapple 
leaves were in relative agreement, the 
presence of buffers made perfect agree- 
ment impossible. Bonner (2) has stated 
that a relationship betjveen these two 
factors is not likely to occur. since pH is 
determined by pK, plus amounts of free 
acids and their salts. Total acidity is a 
measure of only the free acids present. 
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USE O F  F O R M A M I D E  

Formamide as a Component of 
Liquid Fertilizers 

MAJOR PROBLEM in production of A liquid fertilizers is the limitation 
on nutrient content imposed by the 
Xbater required to hold the salts in solu- 
tion. A lo\v nutrient content adversely 
affects costs of storing, handling. and 
shipping the product. 

One major type of liquid fertilizer, 
nonpressure nitrogen solution, usually is 
prepared from aqueouu solutions of urea 
and ammonium nitrate. The solubility 
of the urea and ammonium nitrate limits 
the nitrogen content of the solution to 
32% a t  32’ F.. 30.8% a t  20’ F.. and 

28.77, at  5”  F. ( 7 ) .  Some\vhat higher 
concentrations can be obtained by adding 
ammonia, but the resulting pressure 
introduces problems in handling. storage, 
and application to the soil. 

A consideration of the properties of 
formamide led to a study of its suitability 
as an agent for raising the nutrient con- 
tent of liquid fertilizers. Formamide, 
the acid amide of formic acid. contains 
31% nitrogen. It compares favorably 
iyith urea in greenhouse tests (2).  A 
liquid (f.p. 36” F.) \\-ith a loiv vapor 
pressure a t  ordinary temperatures. it is 
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miscible \ \ i th ammonia and iiater. It 
is a solvent for many fertilizer salts (3). 

Salting-out temperatures of various 
fertilizer salts in formamide. or solutions 
containing formamide. \L ere measured 
by cooling a solution of a salt to incipient 
crystallization. then warming it gently 
until the salt disappeared. The tempera- 
ture of disappearance \ \as  taken as a 
conservative value for the salting-out 
temperature; this value is a little higher 
than the actual equilibrium temperature 
at  cr)stallization point. Formamide \vas 
the practical-grade product. 30.67, S. 
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Formamide, a liquid at ordinary temperatures and containing 3 1 yo nitrogen. was used 
in preparation of nitrogen solutions and liquid mixed fertilizers. Nonpressure solutions 
containing 34.1 to 35.5% nitrogen and salting out at 5' and 32' F., respectively, were 
prepared from urea, ammonium nitrate, and formamide. Formamide-urea-water 
solutions containing 31.5 and 33.6y0 nitrogen salted out at 0" and 32" F. Salting-out 
temperature of urea-ammonium nitrate solution was lowered from 32" to 20" F. by 
addition of formamide; lowering of nitrogen content was only from 32 to 31.8y0. Form- 
amide arid solutions containing formamide were effective in greenhouse tests. In liquid 
formulatisons containing 1 1 -37-0 base solution, potassium chloride, and water, ad- 
ditions of supplemental nitrogen as formamide generally gave lower salting-out tem- 
peratures than comparable additions as urea and ammonium nitrate. 

Nonpressure Nitrogen Solutions 

Sonpressure nitrogen solutions \\.ere 
prepared by dissolving various propor- 
tions of urea and ammonium nitrate in 
either formamide or formamide-{vater 
solutions. \Vith forrnamide alone as the 
solvent. sol~tbilities of urea and am- 
monium nitrate \vert? measured over the 
range S o  to 50' F. The solubility iso- 
therms and isogranis of nitrogen con- 
centration for the three-component 
system: ammonium nitrate-urea-form- 
amide, are sho1L-n in Figure 1.  l h e  
amount of jolid (urea + ammonium 
nitrate) added to formamide ranged 
from 0 to about 52Tj of the total iveight 
of the three components 

'1-he maximum nitrogen concentration 
for ammonium nitrate-urea-formamide 
solutions that salted out at  50' F. \vas 
-36%; at 32' F.. 35.57,; a t  5' F.. 
34.5%. 'I'he solution containing 35.57, 
nitrogen and salting out a t  32' F. con- 
tained about 57% formamide. 26% urea. 
and 17Vc ammonium nitrate; about half 
of the nitrogen \vas8 supplied as form- 
amide. The nitrogen content of this 
product. 35.3%. exceeds the 3 2 7 ,  in a 
comparable comrnercial urea-am- 
monium nitrate-\vater solution. For a 
5' E'. salting-out temperature. the 
advantage is even greater--34.5 is. 

28.7% nitrogen. 
Since solutions of formamide and 

Table 1. Addition of Formamide to 
Commercial Urea,-Ammonium Ni- 
trate-Water Solution." Effect on 
Salting-Out Temperature and Nitro- 

gen Content 
Formamide, Tofaf Sal t ing-Ouf  

Wf. % N i f r c g e n ,  % Temp., ' F.  
0 32 0 32 
0 30 8" 20 
2 0  32 0 30 
4 8  31 9 26 
'4 31 9 24 
9 . 1  31 .9  21 

1 0 . 7  31.8 20 
13 .0  31.8 22 
16.-  31.8 23 

Composition: 45 ammonium nitrate, 

Il'ater added to lower nitrogen con- 
35( urea. 20''; water. 

tent from 32 to 30.8";. 

- S O L U B I L I T Y  ISOTHERMS 
(5 '  TO 5 0 ' F )  

- -  ISOGRAMS OF NITROGEN 
CONCENTRATION 

V \ v \  v ,  _ _  -- - -  - 
CO ( :4 r i  2 ) 2 /  

Figure 1. System NH4N0,-CO(NH,)~-HCONHz 
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Figure 2. 
urea-water solutions 

Salting-out temperatures of forrnamide- 

water have lo\ver freezing points rhan 
either component. tests \Yere made of the 
effects of formamide additions on 
nitrogen content and salting-out tempera- 
ture of a urea-ammonium nitrate-\\ ater 
solution corresponding to the commercial 
nonpressure solution containing 327, 
nitrogen [designation 320 (0-45-35)l. 
The  results in Table I sho\v that the 

formamide loivered the salting-out 
temperature a t  the eutectic (about 11% 
formamide) from 32' to 20' F. \vith only 
a slight decrease in nitrogen content 
(from 32 to 31.8%). Had  \vater been 
added to obtain a salting-out tempera- 
ture of 20' F.. as is customar>-. the solu- 
tion \vould have contained about 30.87, 
nitrogen. In other tests. \ later \\-as 
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added to a 367c N solution (20 parts 
ammonium nitrate, 28 parts urea, and 
52 parts formamide) to lower the nitro- 
gen content to 34%. The  salting-out 
temperature was lojvered from 50' to 
30' F. 

Other nonpressure nitrogen solutions 
ivere prepared by dissolving in form- 
amide various proportions of urea- 
ivater mixtures containing 75: 85: or 9070 
urea-the range of concentration from 
commercial urea plants before the 
evaporation step. The  data in Figure 2 
indicate that raiv solutions from urea 
plants ma)- be mixed ivith formamide to 
yield solutions that contain 31.7 to 34.1% 
nitrogen and that salt out a t  0' to 50' F. 
Solutions salting out a t  32' F. contained 
32.2 to 33.6yG nitrogen. For the 75,  85: 
and 90Oc urea-ivater solutions. the re- 
spective eutectic points \\-ere l o >  9'. and 
12' F . ;  formamide contents of the 
eutectic solutions Ivere 76. 78, and 80%- 
total nitrogen contents, 31.7. 32.6. and 
32.97,. The  eutectic solutions all had 
higher nitrogen contents and lo\ver 
salting-out temperatures than com- 
parable commercial solutions prepared 
either from urea and ivater or from urea, 
ammonium nitrate, and water. 

The  effect of additions of ammonium 
nitrate on the salting-our temperature of 

Table I I .  Addition of Ammonium Nitrate to Formamide-Urea-Water 
Mixtures-Effect on Salting-Out Temperature 

Components, Wt .  %a Total 
Ammonium Nitrogen, Solting-Ouf 

nifrote Ureah Formamide HrOC % Temp., F .  

0 3 1 . 5 ( 4 2 . 5 )  6 5 . 0  ( 5 7 . 5 )  3 . 5  3 4 . 6  67 
2 . 9  1 2 . 9 )  3 0 . 6  ( 4 1 . 3 )  6 3 . 1  ( 5 5 , s )  3 . 4  3 4 . 6  63 
8 . 3  ( 8 . 4 1  2 8 . 9  ( 3 8 . 9 )  5 9 . 6  ( 5 2 . 7 )  3 . 2  3 4 . 6  53 
9 . 9  ( 1 0 . 0 )  2 8 . 4 ( 3 8 . 3 )  5 8 . 5  ( 5 1 . 7 )  3 . 2  3 4 . 6  48 

1 3  8 ( 1 3 . 9 )  2 7 . 2  1 3 6 . 6 )  5 6 . 0  149 .5)  3 . 0  3 4 . 6  41 
18 0 (18 2 )  25 8 (34 - )  53 3 (47 1 )  2 9  34 6 32 

23 1 (23  3)  24 2 (32 5 )  50 0 (44 2 )  2 7  34 7 42 
20 0 (20 2 )  25 2 (33  9)  52 0 (45 9 )  2 8  34 7 35 

0 3 5 , l  ( 4 6 . 7 )  6 1 . 0  (53  3)  3 . 9  3 5 . 0  84 
1 3 . 0  ( 1 3 . 0 )  3 0 . 6 ( 4 0 . 7 )  5 3 . 0 ( 4 6 . 3 )  3 . 4  3 5 . 0  57 
1 8 . 0  ( 1 8 . 0 )  2 8 . 8 ( 3 8 . 3 )  5 0 . 0 ( 4 3 . 7 )  3 2  3 5 . 0  46 

2 0 . 6  ( 2 0 . 6 )  2 7 . 9  ( 3 7 . 1 )  4 8 . 4 ( 4 2 . 3 )  3 . 1  35 0 40 

2 3 . 1  ( 2 3 . 1 )  2 7 . 0 ( 3 5 . 9 )  4 6 . 9  ( 4 1 . 0 )  3 . 0  3 5 . 0  44 

2 0 . 0  ( 2 0 . 0 )  2 8 . 1  ( 3 7 . 4 )  4 8 . 8 ( 4 2 . 6 )  3 . 1  35 0 41 

2 1 . 9  (21 9 )  2 7 . 4  1 3 6 . 4 )  4 7 . 7  ( 4 1 . 7 )  3 . 0  35 0 42 

$1 Parenthetical figures show per cent of total nitrogen supplied by component. 

c From urea solution. 
L-rea-water mixture (90:; urea). 

Table I l l .  Solutions for Corrosion Tests 
ComDosition. Wt.  ?& 

Ammonium Total 
Formamide Ureo nitrafe Woter N, % 

2 . 9  3 4 . 0  

Table IV. Effect of Formamide on Salting-Out Temperature of Liquid Mixed Fertilizers 

Fraction o f  
Supplemen- 
fury N from 
Formomide, 

~ 

Urea % 

Salting-Out Temp., a F. ~- - 
Same 
grade 

formamideh 
no 

30 
44 
58 
58 
-1 
-1 
-1 
71 

32 
50 
69 
69 

53 

8 

- -  
3 

34 

30 

69 
69 

70 

Formulation, Wt .  % 
Potassium Ammonium 

11-37-0" chloride nifrate 

~ 

Water 

53 9 
47 .  3 
4 1 . 9  
4 0 . 8  
3 4 . 9  
3 6 . 2  
3 5 . 2  
3 4 . 1  

5 0 . 7  
4 0 . 9  
3 2 . 1  
3 0 . 9  

3 4 . 5  

2 9 . 6  

3 0 . 4  
4 2 . 0  

4 0 . 5  

3 0 . 8  
3 1 . 9  

2 9 . 5  

Formomide 

1 6 . 1  
1 8 . 4  
1 6 . 1  
2 0 . 7  
1 6 . 9  
16 9 
1 8 . 4  
2 3 . 0  

2 7 . 8  
3 3 . 4  
3 4 . 3  
3 9 . 0  

4 4 . 1  

2 . 5  

2 7 . 6  
2 3 . 0  

3 1 . 4  

2 9 . 5  
24 9 

3 0 . 7  

Grade 

1 : 1 : 1 Ratio - - -  
/ - I  I -  

8-8-8 
9-9-9 
9-9-9 
10-1 0-1 0 
10-1 0-1 0 
10-10-10 
10-10-10 
2 :  1 : 1 Ratio 
10-5-5 
12-5-6 
14-77' 
14-7-; 
3 :  1 : 1 Ratio 
15-5-5 

1 : 3 : 1  Ratio 
7-21-- 
2 : 2 : 1  Ratio 

12-1 2-6 
10-10-5 
3 : 2 : 1  Ratio 

12-8-4 
6 : 5 : 4 Ratio 

12-1 0-8 
12-1 0-8 
1 4 : 9 : -  Ratio 
14-9-- 

Observed 

- 3  
2 

28 
34 
66 
72 
68 
70 

-10 
- 2' 

12 
29 

<-30  

20 

- 10 
-14 

- 18 

40 
34 

19 

100 
100 

78 
100 

74 
74 
80 

100 

. . .  
1 . 5  

2 7 . 1  1 5 . 8  5.3 
2 7 . 1  1 5 . 8  . . .  
2 7 . 1  1 5 . 8  2 . 0  
2 7 . 1  1 5 . 8  , . .  

4 . 0  
1 5  
. . .  

1 3 . 5  8 . 0  . . .  
1 6 . 2  9 . 5  . . .  
1 9 . 0  1 1 . 1  2 . 0  
1 9 . 0  1 1 . 1  , .  

100 
100 

88 
100 

. . .  
1 . 5  

1 3 . 5  7 . 9  . . .  100 

5 6 . 8  1 1 . 1  100 

100 
100 

3 2 . 5  9 5  
2 7 . 1  7 . 9  

2 1 . 7  6 . 4  . . .  . . .  100 

. . .  100 
1 . 5  84 

2 3 . 8  1 1 . 2  1 . 9  2 . 9  82 
* TV.1 ammoniated superphosphoric acid. 
h . i l l  supplementary nitrogen from urea-ammonium nitrate solution (5 )  
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t\vo urea-water-formamide solutions is 
shoivn in Table 11. The salting-out 
temperature of a solution containing 
34.67, nitrogen was lowered from 67' to 
32' F. a t  the eutectic (187, ammonium 
nitrate). The eutectic of a 35.0% nitro- 
gen solution (40' F.) was reached by 
adding about 217, by weight of am- 
monium nitrate. 

In corrosion tests with solutions con- 
taining formamide, specimens of mild 
steel (.4 S.T.M. designation A-285) and 
aluminum alloy i:A.S.,4. designation 
1100-H14) were moved constantly for 
28 days in 750 ml. cif liquid held at 120' 
F. in thermal block equipment. Com- 
positions of the solutions are shown in 
Table 111. Corrosion rate in all the 
tests \vas less than 1 mil per year. Some 
loss of ammonia frcim the solutions \vas 
indicated by a lo\vering of pH during 
the tests-about 3 pH units for straight 
formamide and 1 unit for the other 
liquids. \Vhen the solutions ivere stored 
for 4 iveeks a t  1203 F. in vented con- 
tainers made of the same metals. how- 
ever. the nitrogen contents, salting-out 
temperatures. and specific gravities re- 
mained essentially constant. Change of 
pH \vas significant only \vith the straight 
formamide. The  liquids can be con- 
sidered noncorrosive and stable in con- 
tact with steel and aluminum. 

Derivatives of (+)-Limonene: Quaternary 
Ammonium Compounds That 

Low-Pressure Nitrogen Solutions 

Large quantities of loiv-pressure nitro- 
gen solutions are ui,ed for ammoniation 
of superphosphate and for direct sub- 
surface application to the soil. Intro- 
duction of free aminonia into nitrogen 
solutions containing ammonium nitrate 

WILLIAM F. NEWHALL and 
A. P. PIERINGER 

University of Florida Citrus Experi- 

and urea increases their nitrogen content 
and lowers the cost per unit of nitrogen. 

Formamide was substituted for water 
in solutions of this type to yield products 
containing 40 to 4570 nitrogen and 
having vapor pressures below 25 p.s.i.g. 
a t  104' F. Salting-out temperatures of 
the solutions containing formamide 
generally were well above those of the 
corresponding commercial products con- 
taining water, however, and this use of 
formamide was concluded to be im- 
practical. 

Liquid Mixed Fertilizers 

A factor contributing to lo\\ concentra- 
tion of liquid mixed fertilizers is the low 
solubility of potassium nitrate. Potas- 
sium nitrate. the least soluble salt en- 
countered in liquid fertilizers made from 
conventional materials. may be formed 
by reaction of materials in the formula- 
tion, commonly urea-ammonium nitrate 
solution and potassium chloride (6). 

In  tests of formamide as a means for 
lo\\ering the salting-out temperature of 
potassium-containing liquid fertilizers, 
potassium chloride. formamide. and 
\ \  ater I\ ere mixed ith ammoniated 
superphosphoric acid (1 1-37-0 solution) 
(4). Urea and ammonium nitrate \ \ere  
sources of additional nitrogen in some of 
the tests. The mixtures, Table I\', 
covered most of the nutrient ratios found 
in commercial fertilizers. 

Salting-out temperatures of the form- 
amide mixtures generally irere con- 
siderably below those of commercial 
solutions of the same grade ~ i t h  urea- 
ammonium nitrate solution as the source 

of supplemental nitrogen. An exception 
was 10-10-10, for which formamide 
gave no advantage. The new mixtures 
containing small amounts of urea and 
ammonium nitrate along with formamide 
had even lower salting-out tempera- 
tures-a point that \vas not investigated 
thoroughly. 

Economic Considerations 

Although formamide can be used to 
advantage in liquid fertilizers containing 
no free ammonia. its cost at its present 
level of consumption is too high. Pro- 
duction on a much larger scale might 
bring its cost to a level acceptable for a 
major component of fertilizers. Also. 
lo\\er costs may be found in ne!\ methods 
of synthesis. These possibilities are 
being explored. 

Literature Cited 

(1) Allied Chemical Corporation. Nitro- 
gen Division. New York. N.  Y., 
"Nitrogen Fertilizer Solutions for 
Direct Application." p. 56. 1956. 

(2) Brown B. E.. Reid. F. R.. Soil Sci. 

(3) E. I .  du Pont de Semours and 
Company. Inc.. \Vilmington, Del. 
"Formamide." pp. 27-8. 1961. 

14) Slack. A. \ 7 . %  Furm Chemicals 125, No. 
11. 16: 18. 20 (1962). 

(5) Slack. A. V., Potts. J. 51.. Shaffer, 

43, 341-7 11937). 

H. B., Jr..  J. A G R .  FOOD CHEM. 13. 
165-71 (1965). 

(6) Slack. A. V., Scott. \V. C.. Corn. 
Fertilizer 105, No. 5, 24-6 11962). 

Receir3ed f o r  reriew July 26. 796.5. AG- 
cepted lZhwmber 7. 7965. Dirkion of Ferlilizer 
and Soil Chemistry. 7d8th Mec t inq .  ACS, 
Chicaqo. Ill., September 7964. 

Q U AT E R N  A R lr AMM 0 N I U M C 0 M P 0 U N DS 

Retard Plant Growth ment Station, Lake Alfred, Flu.' 

Ten new quaternary ammonium derivatives synthesized from (+)-limonene have a high 
order of growth-retarding activity on young bean seedlings. The chemistry and structure- 
activity relationships of these compounds are discussed. Thirty-four other miscellaneous 
limonene derivatives had little or no such activity. 

IRWILLIE and Mitchell (9: 7 4 )  first Amo-1618, prepared from the expensive gro\+-th retardant on poinsettias \\.hereas W reported that certain quaternary terpene thymol by R. L. Shriner. The Amo-1618 \vas not. Krexvson et u l .  (7) 
ammonium compounds reduced stem most critical part of the molecule \vas studied the synthesis of Amo-1618 and 
elongation of bean plants Tvithout gall found to be the terpene moiety. This is prepared eight additional nelv! related 
formation or other formative changes. illustrated by the Tvork of Cathey (3) Ivith compounds Jvhich jvere potent gro\\-th 
The most active compound \vas a quater- carvadan, a position isomer of Amo-1618 retardants, 
nary ammonium carbamate, designated made from carvacrol, which \vas a The broad variation in effect of quater- 
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