" LA-UR 923-2331

Lo Alamos Nauonal | abordtory 15 operaled by the University ol Califorma for the Unitad States Department of Fnergy under contract W 74ub ENG 46

TITLE
STUDY OF CHEMLCAL REACTIONS UNDER THE
INFLUENCE OIF ULTRASOUND
AUTHOR(S)

Kien-Yin Leo

sSUBMITTED 10 R , . .
? HMtrasonics Intornat ional "94, Vienna, Austiia

July tb-H, 1993

DISCLAIMER

This report wax prepared us an account of work sponsored by an ugency of the United States

Government  Newther the United States Government i any agenwy thereol, nur any of ther

emplovees, nukes any warranty, eapress or implied, o astumes any legal linbility or tespuonsi-

hility Tor the accuracy, completeness, or uwefulness of nny information, apparstus, product, or

provesn duclosed, or represents that its use woukl not infrnge privately owned righta Refer- .

ence heren (o any speafic commercial product, proveas, or service by trade name, trademark, f ‘\r
manulncturer, o othciwine does not necessanly constitute or imply its endorsement, 1ecin- “ k)
mendation, m {asmnng by the Umited States Gavernment o any agency thereol The virws ‘

amd opmons of authors exprensed hetem Jo nt pecessanly state or reflect thime of the
United Staten Government or any agency therenl.

TG et e e o e it i the pybihghne sgg e, (it he S Geavaenemmn] oebane o none s loptave onglly e o nonse to pablish arsopeoshie n

W yupbstee i G o Hos ol badon or I allow others ta do goe Bae L9 Gaoyeensmonnd pase g,

Tar fer. vl B i | ghaotlory reguonts Ut the poblishee adontily os aaebe b s wark pes b goafee ths qospn es of Ihn () 5 Dinpoetmant of § ooy

SR C oy @ Los Alamos National Laboratory
I 1(( ))\‘ ), //\\ (" i 1(()> ) Los Alamos,New Moexico 87545

e s marAlT 19 1IN IMITBD


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


Study of Chemical Reactions under the Influence of Ultrasound

Kien-yin LELE
MS (920, PO Box 1663, Los Alamos National Laboratory, Los Alamos, NM
87545. USA.

At Los Alamos we are interested in sonochemistry because there
is potential for accelerating reactions involving the synthesis of
certain nitro compounds and for milder reaction conditions to
reduce the possibility of decomposition. We have initiated the
study of the nitration of 2,4-dihydro-3/-1,2,4-triazol-3-one with
concentrated nitric acid under sonication. ‘The preparation of
3.6-bis(3,5-dimcthylpyrazol-1-yl)-1,2-dihydro-1,2,4,5-tetrazine,
and oxidation of 3,6-diamino-1,2.4,5-tetrazine were also studied.
Sonication reaction conditions and results of these reactions under
ultrasound will be discussed in detail.
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INTRODUCTION

It is well-known that rate enhancement of chemical reactions accompanied

with higher production yield in both homogencous and heterogencous reaction
systems has been demonstrated under the influence of ultrasonic irradiation

[1]. Forexample, the production yicld of 2.2 -dinitrobiphenyl from 2-
iodonitrobenzene via the Ullmann coupling reaction in the presence of copper
powder was 80% under sonication; without ultrasound, the yield was less than
2% 12]. ‘The hydrogenation rate of soybean oil was increased 100-fold by a
combination of copper chromite catalysis and ultrasound [3]. At Los Alamos,
we are interested in sonochemistry for the following reasons: 1) to acceelerate
reactions imvolving the synthesis of certain nitro compounds, 2) for milder
reaction conditions -- reducing the possibility of decomposition, 3) for
prepacation of explosive molecules and intermediates that might not be possible
by conventional methods, and 4 for preparation of novel compounds with
unusual properties. In this paper, the chemical reactions studied under sonication
will be deseribed, and the findings of the ultrasonie effect on the reaction rates
will also be reported.

EXPERIMENTS AND RESULTS

Sonicator W8S (Heat Systems) equipped with a2 005 ineh probe, operating, at
JO KHz wath o variable power supply output was used for the study of ultrasonic
cltect on chemical reactions. Unless specified, the double amphitude is set

O0 i Reaction temperature wais monitored by a thermocouple immersed m
the reaction mixture, At reactions are iboratory scale.



Nitration of 2.4-dihydro-3H-1,2 4-triazol-3-one (10)
5-Nitro-2,4-dihydro-3}-1,2.4-triazol-3-one (NTO) is an explosive developed at
L.os Alamos. It is prepared by nitration of TO with nitric acid at elevated
temperaturc [4], Reaction 1. In an attempt to preparc NTO at a lower nitration
temperature, the nitration reaction was conducted ultrasonically. Before we
began the nitration study, the ultrasonic effect on nitric acid was investigated by
sonicating 14 ml of 70% nitric acid for 20 minutes at both 26 and 36°C, which
were the same reaction temperatures used for the nitration study. Immediately
after sonication, samples of sonicated acid were analyzed by ion
chromatography (IC). No nitrous acid was dutected from the chromatogram,
indicating that nitric acid is stable to sonication. We then continued our
nitration study by reacting TO with nitric acid. Thus, to a Suslick cell filled
with 13 ml 70% nitric acid was added TO (2.38 g, 0.028 mol), and the mixture
was sonicated for 50 minutes. Formation of NTO wa identified by 13C nn
spectroscopy. A total of § experiments has been camied out,
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Experimental results from this study demonstrated that NTCQ can he
prepared at the two reaction temperatures studied under the influence of
ultrasonic irradiation, However, the titanium probe was croded by the acid.
This halted the experiment. We are investigating the use of 2 cup-horn
apparatus (o continue our study.

Preparation of 3,0-Bis(3,5-dimethylpyrazol-1-yl)-1,2-dihydro- 1,2 4,5-etrazing
(D)

This reaction was studied for a shorter reaction time than reported [S] for the
preparation of DHTZ, . 2.4 - Peatanedione (7.3 ml 0.071 mol) was added 1o a
mixture of water (36 mb) and triaminopuanidine CFAGCT) (S g, 0.030 mol) ina
50 ml beaker . and the two-phase system wis sonicated al ambient temperature
(--25°C) for different reaction times, and at both 6O- and 80-ptm power setting,
Reaction 2,

Without ultrasound, it required four hours to prepare DEHTZ. with
854 yicld by stirring the starting materials in water at 70°C, However, when
the same reaction was subjected to ultrasound, the reaction time was reduced
sipnificantly, "The yield of DHTZ, is directly proportional (o the enerpy output
and reaction time, Fipare | illusteates the yield of DHTZ, as a function of



reaction time at the two power outputs. It can be seen that a production yield of
85% was obtained after 10 minutes of sonication at higher power output.
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Preparation of 3.6-diaming-1,2.4,5-tetrazine- 1.4-dioxid¢ (DATZ0)

DATZO was prepared by oxidation of 3,6-diamino-1,2.4,5-tetrazine (DATZ)
with OXONE® in water at 25°C [6). Reaction 3. Thus, DA'TZ, (0.56 g,
0.005 mol) was added to a solution of OXONE® (6.15 g. 0.005 mol) in water
(25 ml), and the mixture was sonicated at different reaction temperatures and
times.
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Without ultrasound, it required 20 hours (o prepare crde
DATZ0 with 85% yicld. And. according to H1 nmie analysis, more
decomposition products were obtained when the reaction temperature was
increased 10 40°C or higher. However, higher yield of DATZ0) was realized
when the same reaction was carried out at higher reaction temperature and
under the + Muence of altrasound  Figure 2 shows that a 96% DATZ0) yield
wits obtained at a reaction temperature around 47°C in one hour,



CONCIL.USION

Several chemical reactions were studied under the influcnce of ultrasonic
irradiation. They were studied for production yield improvement as well as
rcaction rate enhancement. Experimental results from this study demonstrate
that, under the reaction condition described, ultrasonic irradiation does lead to
the acceleration of certain organic chemical reactions in both homogencous
and heterogencous systems.
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