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FOREWORD

This progrem has been conducted at Midwest Research Institute, 425 Volker
Boulevard, Kansas City, Missouri, 64110, under Contract No. FO4611-67-C-0079 (Mid-
west Research Institute Project No. 3044~C) and covers the period 1 February 1967 -
31 January 1968, Project persomnel have consisted of Dr. Edward W. Lawless, who
served as project leader, Dr. Thomas Lapp and Miss Hope M. Howard, all under the gen-
eral supervision of Dr, Albert D. McElroy, Head of MRI's Physical and Inorganic
Chemistry Section. Drs. Lapp and Lawless contributed the chapters on organic and in-
orgenic derivatives, respectively, and Miss Howard prepared the physical properties
tables and provided genersal assistance in document acqulsition, control and publica=-
tion. Dr. Harold Orel reviewed the manuscript editorially. ILt. C. S. Stone,

Lt. Thomas E. McCann and Dr. L. Quinn have served as Project Engineers for the Alr
Force Rocket Propulsion Laboratory.

Under a previous contract, Midwest Research Institute completed and dis-
trivuted two reviews related to the advanced propellant ingredients: "A Critical
.Review of the Chemistry of Advanced Oxidizers, Volumes I and II" (31 December 1935)
and "A Critical Review of the Chemistry of Advanced Fuels" (1 March 1966). Because
of the continuing research on such materials and the Air Force's interest in ad-
vanced propellant chemistry, the present review program was inltiated with the ob-
Jective of preparing three annual sipplements to the previous MRI reviews. Because
of funding cutbacks, this program was terminated during the first year. This review
therefore covers only a portion of the propellent chemistry included in the previous
review.

Publication of this report does not constitute Air Force approval of the
report's findings or conclusions. It is published only for the exchange and stimu-
lation of ideas.

This technical report has been reviewed and is approved.

W. H. EBELKE, Colonel, USAF
Chief, Propellant Division
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ABSTRACT

This weview summarizes much of the chemistry of advanced oxidizers which
have been reported since the completion of the previous MRI report, "A Critical Review
of the Chemistry of Advanced Oxidizers," Volumes I and II, 31 December 1965, which was
prepared for the Advanced Research Projects Agency under (ontract DA-31-ARO(D)-18, Mod.
o. 2 & 3. The present review covers the areas of inorgenic N-F, Cl-F and O~F oxi-
dizers and organic NF oxidizers with N-containing functional groups, or N-IN bonds.
Other advanced oxidizers and advaenced fuels which were described in the previous review
could not be covered in detail in the present review because of contract termination,
but properties data and literature references are tabulated for all types of advanced
oxidizers. These tabulations include physical properties data on 170 compounds, thermo-
dynamic data on 93 compounds and spectral Information on 239 compounds. The review
contains 29 tables, 535 references to technical reports or papers presented at symposia,
210 references to open literature publications, and 236 pages.
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I, INTRODUCTION

The intense research effort on advanced oxidizers and fuels during the
period 1955 - 1965 has recently been critically reviewed (284a). Although Govern-
ment support of advanced propellant chemistry has since been much reduced, a sub-
stantial number of sponsored programs have continued and new research results are
regularly appearing in the literature from industrial, academic and foreignh labo-
ratories. Hence, the obJjective of thils program was to provide three annual supple-
mentary critical reviews of the chemistry of advanced oxidizers and fuels. Be-
cause of the abrupt contract termination during the first year, the scope of this
supplement was necessarily reduced to those chapters most nearly completed. This
supplement is not, therefore, to be considered a complete review, even for the
chapters included. Also, the recent flood of published papers resulting from de-
classification of much of the oxidizer chemistry could not be fully integrated.

In order to make this document as useful as possible to the reader, extensive
bibliographies have been made of technical reports received for review and of
published papers noted in literature searches.

In general, the text is limited to coverage of one area of organic CNF
oxidizers and the inorganic NF, C1F and OF, oxidizers., The properties tabulations
include all data accumulated on oxidizers and fuels. The organic oxldizer aresa
describes NF compounds with N-contalning functional groups or NN bonds. These
chapters summarize reactions of compounds which have, in addition to thelr NFp
content, one or more of the following N-conteining groups or structural elements:
amide (-C(=0)NJ), amidine (- (=N)N\), amine (- ) biguanide (>N>C(—N)ﬁ0(=N)N\),
biguanidine (NC( =N ﬁ-NC( )NY), biurea (SNC(=0) ﬁ NC(=0)NZ), cyanamide (>N-CN),
cyanide (-CN), dicyanamide (-W(CN)p), fluoremine (NFH), fluorimine (=NF),
guanidine (SNC(=N)NS), imine (3C=N), isocyanate (NCO), or urea (SNC(=0)NZ); N~
containing rings such as piperidine, pyrrolidine or triazine, N-N, N=N and
N-NOp». This portion is arranged into chapters divided according to the follow-
ing general classes: (1) amines, (2) cyanides (nitriles), (3) eamides, (4)
imines, and (5) NN bonded compounds.
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CHAPTER I

ORGANIC NF COMPOUNDS: AMINES, FLUORAMINES, AND AMINE FLUORINATIONS

I-A.. Amines and Fluoramines

Relatively few investigations have been conducted using fluorine-contain-
ing emines because of thelr strong tendencies to eliminate hydrogen fluoride or
difluoramine.

The formation of 1:1 complexes and amine salts has been reported for a
limited number of amines. Tris(difluoramino)methylamine (code name: Tris-A) was
found to form & 1l:1 complex with triphenylphosphine oxide (85b). Addition of a
golution »f perchloric acid in ethanol to 2,2',2"-tris(difluoroamino )triethylamine
resulted in the formation of a white hygroscopic solid, which probably is the

normal amine perchlorate salt: (NFQCHECHE);§ﬁ90104 (268). The reaction of exlst-
ing amine salts in acetic acid with tetrafluorohydrazine has been utilized for the
production of 2,3-bis(difluoramino)propylmethylammonium perchlorate (code name:
AMAP-A) from the corresponding 2-propenylmethylammonium perchlorate (176). In an
analogous reaction, the same investigators also produced 3,4-bis(difluoramine)-
butylammonium perchlorate (code name: BAP-A):

® 0 acetic o e
CHpsCHCHpCHpNHsCLOg + NpFy — —2oil > FoNCHp(HCHCHpNHsCLO, (176)
16 hr. 2
BAP-A

In addition to tetrafluorohydrazine, difluoramine (HNF2) has also beer utilized in
the preparation of fluorine-containing amine salts, as well as the free amines.
The reaction of &, ,¥=chloro-(difluoramino-(2-methoxy-2-aziridyl)-toluene with
difluoramine in BFsz, followed by treatment with dry HCl, produces the substituted
propylamine hydrochloride (45la, 453).

H

[
LN NFp OCHs @ ©
-~ HNF! 2 QCHz
NFp OCHz s Cl1 NFp

In a similar menner the resction shown below resulted in hydrolysis instead of the
anticipated product (449).

2
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Using HNFp in fuming sulfuric acid, N,N-dimethyl-4-piperidinium methylsulfate can
be converted to the corresponding N,N-dimethyl-4,4-bis(difluoramino)piperidinium
methylsulfate. The product was identified in the reaction mixture but all attempts
to isolate the pure material were unsuccessful (449). In a similar manner, HNFp
in 96% HpS04 readily converts N,N'-bis(methanesulfonyl)-1,2-dihydrcxyethylenediamine
to the corresponding 1,2-bis(difluoraminc)-substituted compound (270)., Treatment of
ammonium chloride with difluoramine in a 37% formalin solution resulted in the for-
mation of 2,2',2"-tris(difluoramino Jtrimethylamine (code name: TMuA) (269).

The reaction of difluoremine with substituted piperazine compounds has
been investigated. These results are summarized in Figure 1 (267a, 268, 269, 270).
The underlined percentages indicate the yield for that reaction.

4-Difluoramino-4-difluoraminomethyl-1,3-dioxolane-2-one was produced by
the treatment of a difluoramino-substituted tetraoxaspiro[2.2]nonane with difluor-
amine (453).

W2 P2 W2
Femrec-f':-cj){o-u-cnema . HQ/C-—('\-CHQNFQ
HFy ————>
HpC- \O-J!HQ 0 0
~e”
n
0

Tris(difluoramino )fluoraminomethane (code name: H-Delta) reacts with HNCO to yield
multiple products as shown below (291):

FQN 'NFE
NF HN
(NF,)-CNFH + HNCO -2X€& o p NONF, + HNF, +
2)z ~20°G oNCNFp 2 AN

(code name: FPFG)

Dehydrofluorination of difluoramino-substituted compounrfs to produce the corres-
ponding fluorimino- compounds has been reported for a number of materials, These
reactions ere summariged in Table I.

3
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soacus
L I J< HNF
BOF H_8C -
16 Rt o e |exy
éoEc||5
EOQCHS soecﬂs
o
NeHC HO OH —El Foll NF,
(CHO) 4+ 2Hg0 + CHgBOLNHg -—:ﬁ‘—-r J\ oS04 & hr. é ¢
HO 7™ oK FoN N,
S0,Hy 0zCHy
(DMSTHP) {DMsTDP)
H,gogcns soacuSO
HF2| 1280, FoN G-CHy HFy
. I I HpS0,
cxsﬁ
oe,cux ;

HNF,, HSOsCl, 4 hr. 554
HNF,, HSOsCl, 1 hr. 33

-

goge _~" i
] w Ba
W, .
e v 2> BT o e ] Y| o II o
y on HzS04 N NFp FN 011

N 23
SOSNa H
Na, THPDS
(Na THPDS ) \ R 4 (’m)
m? HNFe; H303F
_ 33%
n.r.

sgociate Rea\.tiom

I + HNE, :e;‘rux n.r.; add Hy80, - repeat - n.r,
CHO
po_ %
8
(@i T (1
HO ox 9 hr.; r.t. Fol NFa (an
gHO yield)
79

4
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Startigg Compound
e
NFp
NFp

0 ,('t‘j\ NFg
F
o/(\LN/\NF
WFo P
CHsg— CHCHpCHoCL
1
NFo
CH3?CH2NFQ
NFg
n- C 4H90?HCH2NF2

NFp

Fo
CHoOCHCHoNF2
Fo
HOCHCHpNFp

2
CHQO£§CHQNF2

(code name: TVOPA)
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TABLE I

DEHYDROFLUORINATION REACTIONS

Product

-
ol

4w

g Al
cnsoc(cﬂe)sg\l!‘

¢L QNF
CHz( — G~CHaCHp
NFp

gr 2

CHs(CN

NFg

NF
n-C4HgOGCN

"
HpOCCN
NF

CHOCCN

CH20CCN

NF

S
CONFIDENTIAL

Conditions

©
OCHz in CHzOH

E‘bsN in CHnClp
at 0°C

EtzN in xylene
at r.t.

EtzN

Norite-A in
CHoClp

Ref,

(441)

(441)

(441)

(441,447)

(447)

(449)

(449)
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TABLE I (Concluded)

Starting Compound Product Conditions Ref.
@CH(NFQ)Q goNFy + ¢g:‘ strong base (554 )
(tentative)

H \F
NFy strong base (35¢)
H Amberlite IR-45 (35¢4)
W, N in CH,Cl,
NFyp H
H NFQ
(tentative)
CHz (CHp )5CH(NF2 )p CH3(CHQ)4qxi—-5-NF strong base (354)
N
2
CHO metal hydrides (268)
Foll MNP, i.e.: LiALH,
no reaction also: Ne.BH4,
FoN” N NFp
CHO
(DFTDP)
§Fo SiF4 + HNFp + others PpO5 at r.t. (291)
NFp
-]
- I oo A et _“‘_“‘m“ - Eo E..u_ P .. e Eant
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The reaction of 1,2-bis(difluoraminoc)cyclohexane with fluorsulfonic acid
at -80°C rasulted in nitrogen insertion via a ring opening and cloaing process

(48).
o =’

NFp + FSOzH __'8.0.1_) He .
2 S0zF
M‘e .

I-B. Amlne Fluorinstions

Early attempts to fluorinate emine-N-oxides usually resulted in & vigorous
reaction, but no stable NF or NOF compounds could be isolated (Crit.Rev. I, 284&).
Recent investigations have shown that the room tempersture reaction of difluoramine,
using fuming Hy80, as a catalyst and CHgCly as a solvent, with 3,4-dlecetyl-1,2,5-
oxadiazole-2-N-oxide, produced 5,4-bis[l,l-bis(difluoramin@ethwl]-l,2,5~oxadiazole-
2-N-oxide (45la). The same product was also obtained if chleroform was used as the
solvent instead of methylene chloride (453)., If Amberlyst-15 vas added to the
methylene chloride reaction mixture, the product formed was 4-acetyl-5-[1-difluor-
amino-1-hydroxyethyl]-1,2,5-oxadiazole-2-N-oxide (451a).

The use of elemental fluorine, an effective fluorinating agent, very often
resulted in degradation of the starting material and s complex mixture of products.
This can be illustrated by the results of the reactions shown below.

o mixture of NOCl, 2 unident,
NaF; -20°C Cl, + SiF,, + nitrogen + products (251)
6 hr. oxides
stirred bed

CHzONH, ' HCL + Fp/He

NH
PR -]
NOCHoCNH,-HO1 + 10% Fo/Np —ef3 =10°Cy oomplex mixture including (294)
2CNHp 2/ Np
3 hr. (NFp )2CFCHO
yH o unident.
NHpCSOZH + Y0% Fpflp .LZF_?E‘.Qi, SOpFp + CFo(NFp)s + NFpSOpF. + product - (294)

(small  (small
amount) smount)

Elemental fluorine has been utilized for the fluorination of some eromatic éystems;
however, the degree of fluorine substitution is often difficult to control. 'The
reaction cf 1,5,5-triamino-2,4-dinitrobenzene with fluorine in liquid hydrogen

,
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fluoride at ~38°C gave 1,2,%,4,5,6~hexafluoro=1,%,5~tris(diflucranine )=2,4-dinitro-
cyclohexane as the major product with only small quantitles of perfluoroaniline
(497), With 2,5,4,5,6-pentafluoroaniline, a dimerization occurred wpon treatment
with fluorine in CHyCN at -35°C to yield N,N'-(perfluorophenyl)fluorchydrazine as
the major product with only small quentities of perfluoroaniline (497). In liquid
hydrogen fluoride, fluorination of 3,4=-diamino-l,2,5-oxadiazole resulted in the
formation of an unidentified polymeric material (497).

Cesium fluoride at 90°C was used to fluorinate CF3NHF to a mixture of
CPyulF and CFSN\— /CFQ (296).

8
CONFIDENTIAL




CONFIDENTIAL

CHAPTER II

CYANIDES (NITRILES) AND ISOCYANATES

IT-A. Cyanides (Nitriles)

A large number of nitriles containing difluoramino groups have been pre-
pared by reacting NoFy with the appropriate olefinic compound. The direct fluorina-
tion of nitriles and addition of selected nitriles to PFG have also been utilized
as methods of preparation.

The photolysis of a mixture of cyanogen and NoFy proceeded at room tem-
perature to yleld a mixture of perfluoroethylenediamine and 2,2-difluoro-2-difluor-
aminoacetonitrile (220a).

A detailed study of the kinetics of the reaction of the two isomers of n-
butoxycyanoformamidine with potassium fluoride dihydrate in methanol has been studied
(453).

F, F F, F F
\ \ ’
iy ¥ KF.2Hg N N !
n-BuO8CN + n-BuOlON ———m—eb n-BuCCOCHz + Q-BuOéOCHS + n-BuOCC=NH + HCN

= - CHzOH
(isomer 1) (isomer 2) 5 CHg

The rate of disappearance was found to be first order with respect to both isomer (1)
and isomer (2). Grephical analysis of the change in rate constant as a function of
temperature showed an activation energy for isomer (1) to be 15.9 Keal/mole, while
that for isomer (2) was found to be 14.2 Kcal/mole.

A number of studies on the reactions of substituted cyanofluoroformamidines
(453, 455) have been conducted. Selected examples of these reactions are given below:

NF © or! R = phenyl or p-chlorophenyl
RCCN “Rvog » RCN + RN=C(OR'), R' = methyl or ethyl

9
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NF Ky FN NH
a————— -l
o, i ton TR CHGCN + CgHgC-C-OCH,
Elso for KCN| (minor) o o
in EtOH HC1; H,0 @
[LHcts H > 06H58-8-00H3 OcH
CHyOH CHzOH
(also for ethyl ester)
NF Et_0
CgHgC-CN + n-BuMgBr ——2up Csﬂsg;N-g-Bu CgHgCN  + 0=C(OCH;),

Dimethylformamide has been found to decompose tris-(difluoramino)acetonitrile (code
name: RN) in the presence of NaCN at room temperature to an unidentified compound,
containing & tris-(difluoramino)methyl group {293). Recent studies have shown that
the conversion of a perfluoronitrile to a diflucoramino-substituted perfluorcether,
via an amidine intermediate, can readily be made (497).

CHzOH
OPaCF A CEoCN CF 2 CF o CF gﬁH HOL —22 88, p CF.CF gEF e
.._..—_&___., . ._,,_____’
Fst*2* 2" 2y o1 32t 10°C 322 e T
72 hr.
NFo }\]FH
C5F, COCH <% B/, 03F7§OCH3
NFp -35°C Fa

II-B. Isocyanates

In the synthesis of tetrakis(difluoramino)methane (code name: Delta)
cyanic acid was condensed with perfluoroguanidine (code name: PFG) at -80°C in the
presence of 0.2 - 0.5% pyridine. The resulting compound (NFp)oC(NFH)NCO (code
name: Adduct) was then fluorinated under mild conditions to yield a mixture of tris-
(difluoramino)acetonitrite (code name: Tris-I) and Delta. In recent work, numerous
studies have been conducted on the reaction of the two other products of this reac-
tion: Adduet and Tris-I. Adduct was found to undergo a catalyzed rearrangement to
yield trifluoroguanyl isocyanate (code name: TFGI) and difluoramine (85b). Several
catalysts were utilized in this study and 100% H,80, was found to produce the best
yields. Among the other catalysts were NaF, a mixture of KCN and KOCN, and a mix-
ture of KSCN in liquid 505, Sodium fluoride was unsuitable since it deactivated
qQuickly and produced many side products. Neither of the two mixtures produced any
appreciasble conversion. A number of typical reactions of Adduct, TFGI, and Tris-I
are shown in Table II.

10
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Reactant
1. ( NFE)SCNE
O=As@z
: 0=Pd,

NHz

CH2=CHCH20H

HpO
HF

i
2. NFE-C-NCO

Hy0
HNCO

&

CHSOH

CONFIDENTIAL

TABLE II

REACTIONS OF ADDUCT, TFGI, AND TRIS-I

Products

Code Name: Trige-l

(NFo)3CNHp +  others

no reaction
0
(NF2)5CNH8NH2

0
CH,=CHCH,OENHC(VF 5) 5

2
(NF2)3CNHp

0
(NF,) 5 CNECF

Code Name: TFGI

ﬁF
NFQCNHQ + 002

N-F conteining oil

CgHgs #NCO, r.t., 1 day

CGHS’HC1’ r.t., 6 days
Eto0, 2 hr., r.t.

r.t., 17 hr.

PC4-11, r.t., 5 days

CsF, r.t., 7 days

r.t.

KSCN, 0°C, 18 hr.

" 9 HF
NF 5 CNHCNHCNF @0, CgHg
NFeggHgOCHS 0°C, 1 day

I 0 ,
NFQCNHCNHQ EteO, -78°C

(several isomers)
11
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85b

85b

85b
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85a

85b

85¢
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TABLE II (Concluded)

Resctant Products Conditions Reference
NFH
3. (NFg)aCNCO Code Name: Adduct
9 gl
Nocl, HCl (N¥F_) CFNHCCL1 + (NF.) C Not stated 594
2’2 2727\
NCO
NOF (NFE)ECFNCO (50%) r.t., 16 hr. 594

In addition to those reactions listed in Table II, the tris(difluoramiro)-
acetonitrile molecule has been the subject of numerous other studies. Reaction of
Tris-I with pyridine led to the formation of a solid product which has not been
positively identified (85a). A partial analysis of the solid material has shown that
the Tris-I and pyridine are in a ratio of 1:1. The structure has been suggested to
be one of the two shown below:

]
0 N
o, _ 2,
(NFE)SCNb'-—Nj\ /> or (NFE)SCN(\/NC(NFQ)S
o W
s

Further reaction of the Tris-I pyridine complex with acetic acid resulted in the forma-
tion of Tris-A, acetic anhydride, pyridine, and COp (85b). The products were iden-
tified by NMR and not isolated from the reaction mixture, Hydrolysis of Tris-I, using
quinoline as a catalyst, leads to the formation of Tris-A, which upon further treat-
ment with OFE in Kel-F oil at room temperature for 22 hr., resulted in the decomposition
of the Tris-A to perfluoroguanidine (code name: PFG) and silicon tetrafiuoride (15a).

Although Tris-A does not react with triphenylphosphine oxide, it does undergo
8 condensation reaction with a similar molecule (85a).

CHz H,0, C.H

CHg
- / 0°C, 76 hr e
(NFE)SCNCO + ——— (NFQ)SCN=£ l ’
P
d\b NOCl, CgHg .

0°C, 5 days

12
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Attempts to further fluorinate Tris-I with HF, using trimethylamine as a catalyst,
at room temperature for 5 deys were unsuccessful (293). An explogive mixture 1s
formed when Tris-I and n-BuSnOCHz, condensed together at low temberature, are
allowed to warm to room temperature (86). Addition of methanol to Tris-I results
in esterification to yleld (NFp)zCNHCOgCHz (294). Fluorinations of the ester with
either a 10% FQ/NQ mixture at 0°C or 100% Fp at room temperature were unsuccessful.

The incorporation of Tris-I into polymeric maeterials has been the subject
of a number of studies. Among the species utilized as potential prepolymers were
ethylene oxide, ethylenimine, and allyl alcohol.

i Eto0=C r.t, :
(NFp)3CNCO  + HpC- —CH 20-Cele > CHpCHp (85b)
N -18° 17 hr,  [NFp)zCNC=0
H |
1¢}
. Et,0 gNHC(NF 100°C (504)
(NF,)4CNCO  + CHp=CHCHyOH —zp- CH,=CHCH,0 o)z Py
17 hr. 59% yield
["H CHW
. 2 Jn
CHQOENHC(NFE)S
0
i ) (N, _Brridine (NF,) ,C - (85 |
4 nn—1 ) B e - .
(NFE zCNCO + H.C 5 NF,) 5C-NCH,CHAO others e) :

t . .
also for: TFGI (tent. ident. only)

The polymeric material prepared by the second reac:ion, using allyl alenhol, was
found to decompose at approximately 200°C and to have a molecular weight in the
range of 429 - 1,165, (atalysts other than pyridine have been attempted in the
reaction of Tris-I with ethylene oxide, with varying degrees of success. Sulfuric
acid as a catalyst at -23°C produced no reaction, while fuming HQSO4 at -23°C and
SO5 at -23°C ylelded a nonvolatile unidentified oil. Without a catalyst, using
dioxane as the solvent, heating the mixture to 45°C produced an unidentified oil.
When tetraethylammonium bromide was added as a catalyst, no reaction occurred. If
the ethylens oxide and Tris-I were allowed to react at room temperature without a
catalyst, a cyclic condensation product was among the products (86).

13 .
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(NF,) . C 0
(NF,.).CNCO + H d’lo‘\aHa LTI Y 2’8 \N- + others
2’3 2 I
-
He C\ o/ =NC(NFp) s

Attempts to incorporate Tris-I into a polymeric material with polyvinylamine (PVAm)
were unsuccessful (85¢). A suspension of the two substances in SO, + Et.0 yielded
no reaction, while the mixture in DMSO at room temperature exploded after 1/2 hr.
Reaction of Tris-I with 2,3-epoxy-l-propanol resulted in the formation of the cor-
responding epoxy-ester (594); however, further treatment of the eater with BFg did
not produce the desired polymerization. The use of polyglycidol did result in the
incorporation of Tris-I into a polymer (594),

_—_ CH (NF,) . CN 2> C/O\"HCH ORNH (NF,)
H,C——CHCH,0H + (NF,),CNCO > H, CHCH,OCNHC(NF, ) 5
.,
OCHE(“HCHQOH : ! (NFp)5CNCO = ———> oc:eggcmc(m )
polyglycidol 2 2'3
X

Considerably fewer studies have been conducted on the reactions of tri-
fluoroguanyl isocyanate {(code name: TFGI). Like Tris-I, TFGI did not react with
triphenylphosphine oxide in benzene after 16 hr. at room temperature (85a). However,
if water was added to the reaction mixture and the temperature maintained at 0°C, the
TFGI underwent a dimerization, and the resulting product, N,N'-bis(trifluoroguanyl)-
urea, formed a 1:1 complex with the triphenylphosphine oxide (85¢).

N Cetlg e w
2NF,CNCO + H 0 + @,PO ——————> NF,CNHCNHCNF,'@;PO + CO,
o [
0°¢ (code name: BTGU)

No reaction was observed when vinyl isocyanate and Tris-A were mixed in methylene
chloride and allowed to stand at room temperature for 3 days. If, however, tri-
phenylphosphine oxide was added as a catalyst, a polymerization occurred after 3
days (85c).

14
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) 20]
3
CHo=CHNCO + (m'a)‘,,crma ——p cnecnj’
CHgCL, o
X

This reaction was also found to occur if quinoline was used as the catalyst in '
acetonitrile with the temperature maintained at -20°C for 1 hr, (85c). |
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CHAPTER III

AMIDES, CARBAMATES AND UREAS

|
The various types of comnrounds which centaln the -N-CO- (amide) group ara
discussed in this ghapter; included also age those contalning additionel oxygen or
nitrogen; e.g., =N-CO-O- (carbamate) or -N-CO-N- (urea).

III-A. Anmides

Glyoxal has been utillzed as & condensation asgent with amides to form
amido-substituted diols. These diols can be subsequently reacted with difluoramine
to yield the corregsponding difluoramino-substituted compounds. 1In this manner,
triflucroacetamide was reected with aqueous glyoxal to form 1,2-bis{trifluoroacet-
emido )~1,2-dihydroxyethane. Reaction of the diol with difluoramine in 96% sulfuric
acid led to the replacement of the hydroxyl groups with difluoramino groups (269).

0 0
0 ] Hy0 HOCHNHCCFyg IV, FoNCNHOCFs
: —_—
2CFsCNH, + (CHO)p —=p TR
HOCHNHCCF3 2%04  FNCNHCCFs
6 8

If the original nmide contained unsaturation, such as acrylamide, the reaction with
difluoramine also occurred with the unsasturated portion of the .molecule (270).

3 2
G HOCHNHOCH=CHy . pep o FeNCHNHCCHoCHpNFp
(CHO), + 2CH,=CHCNHp =———> ﬁ;gaz—;
HOCHNHCCH=CHp &

FpNCHNHCCHpCHpNF
0 0

The same reaction occurred if the intermediate diol was converted to the methoxy-
substituted compound and then treated with HNF, (270). Molscules containing
acetylenic linkages, such as prcplolamide, undergo reaction with (CHO)s and HNF5 in
the same manner as those containirg the carbon-carbon double bond (273%. If the
starting compound was a hydroxyl-substituted amide, which also conteins unsaturation,
reaction with difluoramine or fluosulfonlc acid did not affect the unsaturated por-
tion of the molecule (271).

16
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9 0
96% HpS
HOCHoNHCCHCHp + HNFp --2-’;%-. FpNCHoNHCCH=CHp
(or HBOsF)

Direct fluorination of simple substituted amides with fluorine-nitrogen
mixtures often results in decomposition and/or explosions. Reaction of N,N'-
methylene-bis-formamide with 10% Fp/Np over NaF at 0°C for & hr. resulted in severe
decomposition of the atarting material to a complex mixture containing NFy, COFp,
CHpFNFp and others (292). Likewise, treatment of tris(difluoramino)acetamide with
3% Fp/Np at 0°C resulted in an explosion (291).

NOH NP 3% ¥ /Nﬂ
HENHQ ‘HC104 + FgNﬁNFg ur:a [HQNCH'NosFNFQ)E] -"135%6—3’ product
(PFG) 1'np.

The product of the above reaction could not be isolated from the reaction mixture;
however, it was shown to contain a tris(difluoramino)methyl group. Fluorination
with elemental fluorine using liquid hydrogen fiuoride as the solvent has also been
& successful method of preventing decomposition (497).

RI:;Ej or I:%]f% , L, FtKjEEM-EF

0
R = -NHUCHs

The product NZ,N¥-difluoro-isomelamine dihydrofluoride, hydrolyzed to give COp and
unidentified compounds (497). Hydrolysis and aminolysis of substituted perfluoro-
formamides led to the expected products (292).

Q r.t, I
(NF,) CFNFCF + H 0 ze—m—mmp NFpCNFp (code name: FPFG)

25 min.
Etao

2’2
(VF,) )QCFNFgF Ny ey (NFQ)?(,FNFgNFQ

Cyclic compounds, containing difluoramino groups, undergo ring enlargement

upon treatment with HNFg in sulfuric acid. Subsequent reaction of these cyclic amides

with strong base resulted in ring opening (441, 451, 453, 455).

"
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pe —Ad
N H‘NFE
N (j

N (minor)

°~\
o CHaOH § OCHs
0
co .
TN cngoH i

ITI-B, Carbametes

Carbamates, and related compounds, undergo condensation reactions with
glyoxal in the same manner as the amides (268)., Thus, oxamic acid, methyl carba-
mate, and ethyl carbamate reacted with glyoxal to form substituted diols, which
were then further reacted with difluoramine in sulfuric acid.

0

0
" i
NaHCOz HOCHNHCOCHz HNFp FzNCHNHCOCHz

0
u
NH,COCHz + (CHO)p =5

80
Hocmgocrrs HoS0y nm{gocns

Direct fluorinetion of N-substituted ethylcarbamates with elemental fluorine in
either water or acetonitrile resulted in complete decomposition of the starting
material (251), Treatment of N-tris(difluoramino)methyl allylcarbamate with 3%
benzoyl peroxide at 88°C for 26 hr. produced an unidentified, brown, viscous syrup
(85¢c). Acid hydrolysis of N-chloro-N-tris(difluoraminoe )methoxy-ethylcarbamate with
70% perchloric acid at room temperature resulted in the loss of the chlorine to
form N-tris(difluoramino )methoxy-ethylcarbamate (291).

The formatlon of 3,5-substituted-l,2,4-oxadiazoles was readily accom-
plished by the reaction of ethylcarbamate with an aldehyde (451a).

18
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CHgCHO + NHpCOnCoHs % Cllg AV, éizgs{);sN [-_Hsl{?mmozcaza —
2 2
50°C; 6 hr.

py+ -
(>50% yield) (O}__oc oHs

III-C. Ureas

The reaction of glyoxal with numerous ureas has been shown to be analogous
to the reaction with amides (see Section A), Substituted-2-imidezolidones were
initially formed, and then further reacted with difluoramine in sulfuric acid to
yield the corresponding difluoramino-substituted compounds. A brief survey of these
reactions is presented in Table III.

Mono~substituted ureas: Nitration of ureas has been attempted, with
nitric acld being used in the presence of sulfuric acld at room temperature. The
resulting nitro-substituted compounds are usually unstaeble at ambient temperatures
(85p).

HpSO, g
(NFE)SCNHENHQ + HNO; 24, (NF,)scrmbyy [ unstable at
20 o Yo \ room temp.
code name: » 2
Tris-U

The above reaction has been attempted with trifluorocacetic anhydride as catelyst
instead of sulfuric acid (85b). Within 1 hr. at smbient temperature, decompositicn
of the intermedlate product resulted in the formation of Tris-I, nitrous oxide, and
water. Reactlon of Tris-U with trifluoroacetic anhydride in ether for 3 days at
room temperature produced acylation on the unsubstituted NHp- group (85c). At 40°C,
trifluoroperoxyacetic acid in methylene chloride did not undergo reaction with
Trig-U (85b), and the addition of boron trifluoride resulted only in the formation
of & BFz-Tris-U complex. Tris-U was found to react with triphenylphosphine oxide
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TABLE III

REACTIONS OF GLYOXAL WITH SUBSTITUTED UREAS
e e e e — e L LA L L 2L 1)

8
. R- > R! HNFQ R \"‘R'
(CHO)o + RNH@NHR — 5 ?-o ——— . N“;

H H  HpS0, 2 o
R,R' Intermediate Product Reference
r— —
N
ﬁ—N -GHE;{ .
H,H unident. syrup o | tentative 269
NF' NF ident.
2 2
- _Jn

P,
en” Ny R.fm.én
i-Pr, i-Pr *——\? —f 1 268
L NF2

(or) CHg, CHs ® OoH ,
2 q
/&l AN
H, -glxmp R-N Z-R' R-N Z\r-R' 270
CH OH Np NFp
— 8 ]
H g 2
Hg-, -gH <N —gl{ S 271 ,f
(in basic sol'n) w HH :
excess (CHO), HO  OH > NF, é
- L 2 2 ;
HE-, -EH BN NeH R-NJ\N—H 268
(vasic sol'n) H
OH H Fo NF2
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TABLE IIT (Concluded)

Intermediate

i

R,R'

Profuct

f

E N m” 27
Wbl HN.)__!H (BDI) -\——?M (yietd)

OH OH FaN

* Tf HCHO ig added in second step, 8§ is retained 268,
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in methylene chloride at ambient temperaturs to produce a white solid, which was
identified as the 1:1 complex shown below (85¢).

of Yo

'v. o

0

The fluorination of ureas has been attempted with urea, itself, and
guanylurea. Fluorination of urea with HNFp in the presence of sulfuric acid and
trichloroacetaldehyde (or tribromoacetaldehyde) resulted in the formation of an
intermediate product, which did not undergo further reaction with HNFy (271).

0
HpsC
NHCNHp + HNFp + ClgCCHO —oty 1 ccnmnnmnccc13

2 NFe

The fluorination of guanylures sulfate with 10% FQ/N over NaF at -7°C for 8 hr.
resulted in decomposition of the starting materials to PG and CF(NF2)3 plus small
amounts of other products (292).

Disubstituted ureas: An improved method for the production of bis-
[tris(difluoremino )methyl]-urea (code name: BTU) has been reported with an overall
vield of 49% (162a).

0
c F5CCOpH
(NFp)30NCO + faP0 + Hpo oy _F3CCORH p - onmbvac (1 )3
CHpCN Cells ( BTU )

The use of tri(n-butyl)phosphine oxide has been attempted. Preliminary results
indicate it may provide a better yield than the t.iphenylphosphine oxide currently
being used. Dimethylsulfoxide (IMSO) has been found to decompose BTU to produce
Tris-A plus other products (85a).

Cyclic ureas: Trinitromethane has been reacted with N-substituted cyclic
ureas to produce the corresponding trinitromethyl-substituted compounds, which were
then treated with difluoramine in HpSO4. The reaction products were highly de-
pendent upon the initial purity of the cyclic urea and upon the quantity of tri-
nitromethane used (271 and 272).
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CHzOCHp 3\ _CHpOCHs . (Noy )5CC @ . SHa0(Nop )3
i + HO(NOp)y 1007C, i
Ha ~ 0/ HQ excess 3 hr. H2 0 /C'Ha me HQSO‘

lo.a HC(NOg )%

' {
CHSOCHQ\N/C\N/CHEC( NO2)z NF2CHa . Cx gy CHC(NO2)3 (1\102)3c£;1;f é} N,CHQC(N%)S
HNFp ) VA
1{2!:\ o/&e = }Laé\ St WFCHy  CHoNF,
-23°C

(1)

If the starting material was not carefully purified, the reaction with excess tri-
nitromethane, followed by reaction with difluoramine, resulted in the formation of
N-difluoraminomethyl-N'-2,2,2-trinitroethyl-urea instead of the anticipated product
(272). The reaction of compound (I) from asbove with difluoramine in HpS04 &t em-
bient temperature and sutogenous preasure yielded N,N'-tris(difluoraminomethyl)-
N'-2,2,2-trinitroethyl-urea (272).

Nitric acid has been used with difluoramino-substituted 2-imidazolidones
to produce the corresponding N-nitro-2-imidazolidones, which contain both a nitro
and a difluoramino grour (270, 272).

g g
CH,C0),0
T NH o+ HNOg i_?_ﬁ, opi-N” o,

d—rt  (100%) -10°%

NF, NFo NFe NFo
(BDI)

e 2

g HpSO 3
CHSOCH.Z—N/ 2—01{20(1«02)3 + }mFQ—-e-—‘i NFoCHN ™ P-CHC(NO,) 5
R R h; g

R = -0CHz or ~CH,,OH

a5
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CHAPTER IV

IMINO COMPOUNDS

In this chapter, compounds containing the C=NF group could be considered.
The first portion, fluorimines, will consider those molecules which contain groups
other than -NFp attached to the carbon atom. The remainder of the chapter will be
devoted to the discusslion of compounds which contain the -NF2 attached to the carbon
atom.

IV-A. PFluorimines

The preparation of fluorimine compounds has utilized several methods, with
one of the most general methods being the dehydrofluorination of difluoramino com=-
pounds (see Table 1I). 2,3,5,6-Tetra(fluorimino)piperazine (code name: TFP) has been
produced by the reaction of HNFp with 1,4-dinitro-2,3,5,6-tetra(acetyl)piperazine in
the presence of sulfuric acid (269).

0 voa 0 96% Solvents Used
CH C CCH H,SO FN
s 4 mw, —Et CH5 COpH
CHsﬁ solvent CH201
FNCH,OH

(code name: DNTAP)

Resction of n-butylnitrite with substituted ethylenimines has also been found to
yield fluorimines (45la). -

¥ Cl
F N N
™~
2&-0-—-—-CH° + n-BuCNO CH30H Z + unidentified products
&1 b,

Numerous studies have been conducted on the reaction of difluoramine with
a wide variety of fluorimino compounds., A detailed discussion or listing of all re-
actions is precluded by the number of investigations in this area. A representative
sample of the various types of fluorimino compounds which have been studied is given
in Table IV. Additional examples of these reactions may he obtained from the work
referenced in the table.
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TABLE IV
!
REACTIONS OF FLUORIMINES WITH DIFLUORAMINE :
X = -NFE ¢ = phenyl E
Reactant Conditions Product Reference |
X |
X FSO3H NC(CHp )3CXp0S0pF + 447 |
NF .. ]
%
|
NC(CHp)3CXp080,F HpS0, . XzC(CHp )zCN 447 ,
|
X !
X :
BFy, CHLCl, XzC(CHp)zCN 447 i
NF
)'( X X ‘
CHs(-CCHg By CHsi-N=N-¢CH3 441
X X . ,
?
OP(0CoHg )o
OP(0CoH, X
(OCoHg )p X L x
X HSOsF, CHxClp N-H + u-}: 447
w 0 0 ‘
3 ¥
@G -CCHg HSOzF, CHnCls ¢-ch5 + $C=N-(CH, 447
X or BF, (25% F X !
X NF ‘
¢-i-<‘501{20H3 H,S0, feOH + goN 451 |
|
:'
¢L |
#C—~CCH=CH,  Amberlyst 15 no reaction 451 '
%
25
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Reactant Conditions

¢§];-E§H-CH2 BFx

X
OO /N -z-w}cxs BF,, CH,Cl
X

TARLE IV (Concluded)

Produgt
1

C
#-x
F

cnso-O-cN + CligCXs

CHS?{-CCHS HyS04 CHzCNHCCHy
X
¥
CHg(CHp)2C-CCollg HSO;F unident. product; not the
X expected 1,1,1-tris-
difluoramino)butane
26
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Reaction of atrong base, i.e,, methoxide ion, with fluorimines haw been
ghown to result in the formation of the three-msmbercod ethylenimine ring (44l, 45la,
458),

NF'

2 ) . e
NF,  + CHy CHyOH NFp
NF OCHg
-H
gL o o) CHeOH S\
CHg(—lCCH; + ClgO s CHS;GF-—%—- CH,
NFy NFy OCHy

Similar reactions have also heen found to occur for 1l,l-bis(diflucramino)-
2-fivorimino-cyclohexane, l-chloro-l-difluoramino-2-fluorimino-syclopentane, and 2,2«
bis(difluoramino)-3-fluorimino-butane (441). If the ring compound was further treated

with hydrogen chloride, ring cleavage occurred and the corresponding amine salt formed.

Reaction of the amine salt with alkoxide ion resulted in recyclization to form a sub-
stituted pyrezole (451a).

i
L A HCl

--—CH

2

—O

If the original fluorimino compound had been reacted with i-propoxide or t-butoxide,
treatment with hydrogen chloride did not result in the formation of the amine salt
(455).

Attempts to oxidize fluorimines with peroxide have not been successful.
Reaction of 1,2-bis(fluorimino)-cyclohexane with benzoyl peroxide in methylene
chloride at room temperature for 4 hr. did not show any appreciable resction (356).
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Flvuoaultfonio acid, often uset as a oatalyst in reactions of difluoramine,
has baen found to react with fluorimines vis the Backman Rearrangement (451a).

B
3
O{;-g{cna + HEOF b rsoa-OQ-NH@cn;

A similar type of reaction has been found to ocour with 1,1l-bis(difluoramino)«2-
fluorimino-cyclohexane vpon trestment with trifluoroacetic acid in BFy in H30sF
{447).

2 . pocon _DBFsor @
. 3 o BN NH
i HEOLF .

; ~ The hydrogenation of 2,3,5,6-tetra(flucrimino)-piperazine (code name:
TFP) has been conducted with a platinum dioxide catalyst (269).

- K
PN N. NF ‘ N
. 02 o wEN NFH (tentatively
' Ho identified)
FN N NF HFN® “N” NFH
% !

Iv-B. N,N,N'~Trifluoramidines

A general method for the preparation of fluorinated amidines by the re-
action cf elemental fluorine with the corresponding amidine has been developed (497).

NH NF
4331]:112 + T, L5 ROWF, + saguﬂue-}w _.fj_, 4RCNT,
o N
NOCF UNE, HCL + 10% Fy/N, _—?ﬁ_’ NOLCF,C-NF,
28
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The hydrolysis of ggm-bis(difluornmino) compounds with hase han also been utilized
as a method for the preparation of fluorinated amidines (497),

) NF
RéH PR VA1) T'T'Y — Rl’zm‘e
2
NF
CHaClo ,
\
(NOL)4COH,CH,CH(NF,)),, + Pyridine ——2By (Noe)sccaacueﬁwra

r.t.

Fluorinatlon with elemental flunrine in liquid hydrogen fluoride has reel successful
in converting amidines to fluoroamidines (497).

— Y \
—-’E—-) | (tentative)

N Fo =% Ne N f
*hT;’N §§T/f i
e
f{~NHg G-=NF2 -
NH NF

Reaction of 2-nitro~perfluorocacetamidine with methancl in acetonitrile, followed by !
flucrination with elemental fluorine, resulted in the formation of methyl[2,2-difluoro- ?
2-nitro -1,1-bis( difluorg.mino)] ethyl ether, precumably by a mechanism similar to the ‘
additlion of methsnol to perfiluoroguanidine (code name: PFG) (497). However, the —
addition of n-butanol to N,N,N'-trifluorobenzamidine did not show any reaction after s .
15 hr. at room temperature (354). ‘ S

IV-C, Fluorinated Guanidines

Fluorination of guanylcarbamate esters has been utilized as a convenient
method for the preparation of fluvrinated guanidines (46).

NH P NF
CHoCN
NE,ONHCOLR + Fjy —mmimed NF,ENFCOLF (I) R = -CHg; ~CoHgs 1-Cglys n-CyHg o

‘d

NF
CHzCN i :
(PFG)
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Partially fluorinated guanidineas have been chtained by the reaction of nitroguanidine
or substituted nitroguanidines with elemental flucrine in liquid hydrogen fluorlds
(497, 501).

G P gwog NNOg
HNCNH, + Fo/N, yo - HNCNP, or F,NUNF,  (not isolated)
o2 P NF
(NO,) jCOHNHCNH,  + Fp/Np =—me—b  (NO,) sCCHoNHENT,

The attempted reduction of fluoro-bis(difluoramino) methyl perfluoroguanidine (code
name: F.BG) with lithium amide resulted in the formation of two unidentified products:

e tan solid and a colorless ligquid (253).

IV-D. Perfluoroguanidine (Code Name: PFG)

The development of perfluoroguanidine has provided the propellant synthesis
groups with an extremely prolific "building-block" material. This molecule has taen
utilized in numerous reactions, and shown to react with all compounds conteining an
active hydrogen. Since a detailed discussion of the various reections involvirg
PFG would be gulite lengthy, a tabulation of the reacticns reported during the review
period is given in Table V. A few studies of PFG and PFG adducts, not listed in the
table, will be discussed in the following paragraphs,

Battelle Institute (115) has conducted an investigation into the polymerica-
tion of PFG at high pressures. Thus far, the results have not been encouraging. A
sample of PFG at 20 kilobars for 6 hr, in elther a stainless steel or nickel capsule
was shown to yield only metal fluorides. The use of a prefluorinated nickel capsule
and 6 - 7 kilobars pressure led to an explosion. The use of solvents, such as
acetonitrile, CSFB’ ClzNO, , and C4FB, with 10 kilobars of compound has also been un-
successful in producing any polymerization.

Many additional reactions of fluorinated adducts of PFG have teen studied.
The reaction of the fluorinated adduct of ethylglycolate {see Table V) with ammonia
in methanol at room temperature for 2.5 hr.'yielded tris(difluoramino)methoxyacetamide
(code name: GA) (295). This compound is reported to be less sensitive to shock than
many of the other tris-domino compounds, such as INFO. A similar molecule, the fluori-
nated adduct of N-ethyl-N-hydroxyethylcarbamate, underwent decomposition to a mixture
of products when treated with ammonium hydroxide (292), but formed the N-chloro com-
pound when rescted with (CHz)zCOCl at ambient temperature.

30
CONFIDENTIAL




CONFIDENTIAL

el9g

S6S ‘ze2

®i92
8192

®L92

TY0 ssatraogos

sapordxs - 5 0 qm

(0%1)

SN + mmzwmmz
AN

S1onpoIg

I ‘WD “seanthygsurp

YOTOH. 8&( CHOPHOOH)

SPUNCGENG AXOIDRE Due STOTT ‘sToqooTy -y

‘LY

0,0TT- “SHooSHn

2,06~ £°N/24 901 (g
L*d ‘0% ‘wean (1

NO%HD

‘L*¥ fouojoop
0,0 fNO%HD
Iy %9

0,961~ fpCay

Do08- fory PlTh &y

SUOT3 Tpuoy

(24d) ANTATHVADONONINTId 40 SNOILOVAY

A TIGVL

Spunodmcy oTuesig

o

Yoy

%oy
YotoPey
s

20 \mc
S(SHo)NTT

‘o

ONDX + Suyry

Spunoduwo) oTuESIoUT

JuBIoBSY

‘I1

31

CONFIDENTIAL

R Reer E—




oml
-t
[
=
s
[ — 1
[ T 5
=
e
<3

ST

Sit

7L1

¥6c

v6c

¥6C

BL3C

20Uda1a3ay

(MTEISI-VA) 0,01~ °N/%i 952 (2

£(2.ai)20%100%(%H008%0) N0%HD feam (1

0,52~ foN/%i 90z (2

E3°H0%H000%( Cam) NOSHD fesam (T

S(%m)20  00%(3aN)

v~ wA 0,52~ ON/%1 02 (2

o NOSHD feaam (T
Nﬁmhwwnwuﬁ.mmwu ‘a°1 ‘Boam
mmwhwwwiﬁnmwﬁ NOSHD ‘®oan

v

0,0¢- “eN/% ¥c (2

£(24N) 00°RICHO0H ag ST “r3d (1

£( ) 00%H0%H0ag DS~ “ON/%1 ¥S (2

£( 2K ) 50%H0%HOTO Iy ‘eaan (1

0,0¢- “%N/% %01 (2

33%0mN00( San ) NOSHD ‘meam (1

sapoidxa zonmo
s3onpord SUCTZTDUOD

(penutyuod) A FIAVL

mommoomﬁmm&zmov

NOCHO%HOOH

(susx3)

XY

HO

oL tHS)

mmz@mmoom

(sso0x3) HGCHOCHIOH

HOCHOSHOYE
(20) HO®HOCHOTD

Ho
29200N2R0SHD
N=(®B0%HD0H)

queqoBay

32
CONFIDENTIAL

E




CONFIDENTIAL

81

9.1

SLT

SLT

SLT

SLT

St

—
doudIa oy

(HNI~vA)

NNOH

NmUuMwmgUMA NBC
%ont

(NOWEI-va)
#[%(2ax)00%0]0°monzo

> (aNanI-va)
on
T E(Cam)007m3) moMCuo0S (%on)

(TET-vd)
SeCoC0orsag-oPoSu%o
WA < hﬂv &

(ova)
g( mmﬁoommﬁoummu
O\

A&Enaﬁv
mm thvoo

(Can)00%momdan®(on)

( OTANI- V)
*{ % y50PHoE0H0S (Pon)

(o)
[= %an)0%10] 9%( CrooRCo0)

s3ompoxd

0,0T- “N/%1 952 (2
HOSHD feoam (1

0,01~ 9N/24 95z (2
NO%HD fmam (7

2,0T- MNZ\N.H %02 (2

zommo feoan (1

0,52~ N/% (2
HOSHD feamm (1

2052~ °N/% (2
NOSHD fmean (T

D.S2- £N/%1 402 (2
NoeN N0SHD (T

i
0,52~ SN/%1 (2
SuTpTahd NDEN {NOSHD (T

0,01~ 9N/%1 ¢z (2
NOSHD f®aun (7

SUOT31pucy

(pPeraxtuop) p myavg

/2o
%uodCHa0n
2ot

£(10%10) 2%H008%0
coN
©(50%H0)BoCH00%(%0N)

(mz03-p)

H0
mmmomoomm..mw- 2%0%H2)
H

mowmomo N Nmb

/O\

H
Ho%HaHD10% (Pon)

HO
Ho%mond%00%(Zon)

mﬁmommo vowﬁmmoozmoV

jusjoB3y

33
CONFIDENTIAL

B e e —




CONFIDENTIAL

c6c

162

B/9¢

€6C

S100=Roa0°( N )

+
waouuzoomﬁwﬁv
T00=00%{ %)

0010 %( Zan)

HAN®( % 44) 00N=HOCHN
3oupoad - juspTun

eI'u

SHC2200%H000%(CaN)

(ao-vi)

6LT  (%am)00%H0%(%10 ) CH000S(Ca)

6.1

AUIIITAY

(AGVE-va)

o 2o
CHONCH) 000 (Zan)

20N SoN

sjonpoig

S(a0)%10 S1om (¢
NO®HD £9N/%1 9¢ (2
NOSHD fBmoan (1
Na\Nh

NO%HD

NOSHD Sesan

NOSHD
B3INTAY3amTp

<1040 9N/%41 45 (2
NOSHD feaan (1

2,01~ 9N/%i 902 (2
NOSHD feoan (1

0,01~ mmz\mm ¥se (2
ND"HD ‘®aan (f

SUoT31puo)

(penutquop) A FIaVE

YotoHS-

°100=N0H

mﬂ&ovm&o

g

HON
SONSHD

mmz.wuzom
HN-D=NGH

SpUnoduo) STOSUB[1596TH  °g

SH22%00%H00H

HOCHO¥( CHD )SHOOH

SoN

2
Amm%mmu.‘..ummuom

SoN SoN

JueTo8ay

34

CONFIDENTIAL

© v —




"
- - ;
_— |
= = |
= o
v =
- , W |
[ ] .
[ "% " w
= e
P aa
74 ™
LYY J
Sy
16 mﬁmozvo..m.Eu SON (oN)om
%
egT syonpozd 3o sxngxTW NO%HD f®aan SHEHC0ONH
!
762 -1-u N=(%m0) ¢NoSHD oED*HD w
30UAIDToY Sqonpoag SUOT3IPUOD JueTo8BaY |

(pspnoucs) A HIGVL




CONFIDENTIAL “

Heating the adduct of n-pentyl alcohol with FFG has been shown to yleld
the corresponding N,N,N'-trifluoroamidine (354).

NF

2
A "
CSHHOE;:FH ——— C',.__,PIH_CI\IF‘2

2

The reaction of perfluoroguanidine with 2,2,2'-trinitroethylethylene glycol
(code name: TNEEG) and subsequent fluorination to FA-TNEEG has also been shown to
yield a number of side products (175), as shown in Figure 2.

The fluorinated adduct of phosgene oxime and perfluoroguanidine has received
considerable study as a potential starting material for the formation of other tris-
compounds. A survey of these reactions is given in Table VI.

Treatment of the fluorinated adduct of ethylene glycol (see Table V) with
trifluoracetic anhydride led to a mixture of products, with the major product being
addition of the trifluoracetyl group (294). This compound was found to undergo com-
plete decomposition upon heating to 350°C. At 290°C partial decomposition occurred,

while at 240°C no reaction was observed.

0

0
[1] "
HOCHECHQOC(NFQ)S + Ei'scc}eo -—————»FSCCOCHECHEOC(NFE)S + othars

(major product)
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(NOE)SCCHQEHCHQOH
H

P¥G

\F 0

2 F

[(Noe)zccrregncneoém —E> (w0,)scom ler 00 (NF, )y
OH

- 2
PFV m‘

L ~
(NOp )3 CCHCHCHLOCNFN (NOp) 3011?}1-01\{2 |
NFo '
nN'C 'NFQ ) /C\ :
FoN H :
y \Mn H27 X |
&
FA-TNEEG ~ (NOz)oCCHpCHCHROC(NFp)z (MO ) zCCHy i}r—r*ﬂg (NO,) 3CCH3,0H— %g '

a’
FN:? ot 7N\ i
NF, 0 FoN  NFp

Figure 2 - Side Reactions in the Production of FA-TNEEG
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TABIE VI

REACTIONS OF (NFp)sCONwCCLy

Conditions roducts
NaOH; CFClg (NFg )zCONsC(OCHs )
CFClg (N¥p)sCON=C N(CHy), o
CHxOH decomposes
CHC1lz )
no reaction
CHzC1pH)
CFCly no reaction
CHzCN . no reaction
CH5CN; 0°C no reaction
0
77N\
CH,CN (NF2)3CN—CF,, + others
( NP )sCON=C~N N
. tentative only n
38
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CHAPTER V

NF_COMFOUNDS WHICH CONTAIN NN BONDS

This chapter will be directed toward the preparation and reaction
chemistries of those compounds which contain some type of nitrogen to nitregen bond.
Tetrafluorohydrazine and difluorodiszine can be regarded as the parent molecules for
this ¥roup. The chapter can conveniently be divided into three parts: N-N, N=N,
and N-NO, type compounds. ‘

V-A. Hydrazine Derlvatives

Only a few reactions have been reported for molecules containing the N-N
bond. These reactions have been discussed in the preceding chapters and examplea
of their preparation and reactions can be found in the following parts: amine
flucrinations, ureas, fluorimines, and perfluoroguanidine (Tuable V).

The formation of 3-phenyl-4,5-di(methoxy)vyrazolium chloride was found to
oceur by treatment of the appropriately substituted ethylenimine with sodium cyanide
in methanol (453).

i
NFe N HoL ¢ OCHz
pC—C~~——CH, + NaCN i W\
C1 OCH, 3 \N OCHz
Y@y @
# = phenyl

A second route to the same product was found by treating the original compound with
dry hydrogen chloride, which resulted in ring opening and formetion of the sub-
stituted ammonium chloride. Reaction of this material with strong base, methoxide
ion, and then dry hydrogen chloride yielded the 3-phenyl-4,5-di(methoxy )pyrazolium
chloride (453),

V-B. Diimide Derivatives

In addition to the work discussed below, other references to compounds
containing a MN=N bond can be found in the previous sections concerned with smides
and fluorimines. Also included in this part are diazo compounds and molecules of
higher N-content such as azides and tetrazoles.
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Tris(difluoroamine jmethyl chiloride has besn found to react with dimethyl
sulfoxide {IMSO) at room temperature to yield twe disgirines (85a).

)$CCL + CHsSOCH A+ N
(Wp)gCCL + CHgSO 5————--»1vec\N+ F/c\ll

Reaction of acetamidine with sodium hypochlorite in IMSO has been reported to give

chloromethyldiazirine (434).

The preparation and reactions of fluorinated azodiformamidines have re-

celved a considerable amount of atudy, principslly by the workers at Hymes,
Fluorination of azodiformamidine with elemental fluorine has resulted in the forma-

tion of a mixture of products (112a).

HNCN=NCNH,, + 2% F,/N, —l‘%-ga
(NF, ) CFN=NCF(NF,), + (NFp) 2cm=N8NF2 + Fauﬁn-ug;re + FgNg;:c, NFe)aliNs
(Code name: (Code name:  (Code name:
FQADF) FghADF) FgADF)

The compound FgADF has two isomers which have been designated A and B. Their struc-
tures are given below (255).

NFo W,
NG N,
7N \
F N=N N=N
CF(NFp ) CF(IF,),
FgADF-A FgADF-B

When the fluorination of szodiformamidine was cerried out at -75°C and then allowed
to warm to 0°C, the compound designated FgADF was found to be the principal product
(255). Idke FgADF, the F ADF was found to be isomeric, and the three isomers have

been identified.
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NF F_ NP WD
/e \ 2 \ ’
’N-C\ N"C\ N"C\ ]

r NN b NuN F N=N

N\ ’ \ ’ N

SomN P _CmN,

NFq VFy NFp, F !
(trans=trans) (els=trans) (cis=cis)

The reduction of severul of the fluorinated azodiformamidines has been
studied with lithium amide and emmonia. Reactlon of FgADF with LiNHp wus found
to produce the N-fluoroamidine, which upon fluorination yilelded FyADF (249,112a).

o CHsCN b T/l
‘ (NFp ) pCFN=NENFp + LiNHp momiy (NFp)oCFN=MNHp 225 FyQADF + FgADF
] (FgADF) -83°C (minor)

Similar treatment of FjoADF with LiNHp in Freon 113 resulted In no observable
reaction (252,112a); however, FgADF produced a mixture which was not resolved but
did show the presence of N-H bonds (251,112a). Those results led to the conclusion
that in order for the reaction to occur, the presence of a fluorimino group (C=NF)
is required (1l2a). With ammonla, FgADF-A reacted to form the addition compound.
Fluorination of this compound with elemental fluorine led to the production of

FllADF and FlOADF (1120-). !

Igm -93°C F2 Fo/
(NFQ)ECI'“N=N NFy + NHS ——— (NFQ)ECFN=NI?WNFH —‘—1—1—0-;,-6—-9

2 i
(NFp ) CFN=NC(NFp)=z + (NFp)oCFNz + FyoADF
(F{,ADF)

A similar reaction of ammonia with FgADF ylelded an orange solid, which upon
fluorinaticn resulted in the formation of F,nADF as the major product, with minor
amounts of two materials tentatively identified as FgADI and F, ADF (249,254,112a).

NI CC1F Fo/N
S LS 2 2/ 42
WF,CN=NCNF, + NH, —-:;g;-(:—) orange solid ~100°0
FN
FyoADF + NF8N=NC(NFp)s + (NF,)zCN=NC(NFp)s
) ’ 0 (FGADF) (F{pADF)
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The reactionsa of FloADF and of the two lsomers of FgADP with carbon monoxide
at elovated temperatures have led to the formation of two new compounds, F ADF and

FsADF as in Table VI,
TABLE VII

REACTIONS OF F;ADF AND FgADF WITH CO

References
soore, B —
(NF,, ) oCFNNCF(NFp ), + CO ~2297C, pénmnlr + corp (112,
256 )
NP .. NF Nﬂ?
(NP ) oCFNeNONF, + €0 —22-Cp plimNiF + FSADF(4+B) (256)
2)e 2 5
o 120°C o
(NFp ) ,CFN=NCIFp + CO 222 C5  NFplN=NF (256)
(FgADF-5) (F5ADF)

At 135°C no reaction occurs between the F) ADF and carbon monoxide (256).

The mole~

cule, FgADF, has been found to have two i1somers designated as A and B. (256).

/NFQ F\ NF2
N=C N=C
/ \ \
F N=N\ F N=N\ /F
o=’ C=N
/
F F
trans-isomer A cig=-isomer B

Isomer B of F.ADF undergoes photolysis to yield perfluoroformimine plus other prod-
ucts (254,256)., The same product has also been obtained as a result of the photol-

ysis of F,ADF (256).

il h

NF 4
[
NF,CN=NCF ——> F,C=NF + FON + COF5 + SiF + others

W F
) ! hv
FONSNCF —~——> F,C=NF + FCN + N,

A mechanism for the formation of the products observed from the photolysis
F4ADF has been proposed (256).
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ng-N F + Iy ———— F@F * -N-Ngg

) . -N-Ngg —mreelp ‘g§ + No

'NalNCF + oF ————eb FpC=NF + N,

FIEF + Pt meeaed  FpC=NF

The reaction of FyoADF with nitrogen dioxide at 190°C resulted in decomposition of
the starting material (250). Unsuccessful attempts were made to react hydrogen sul-
fide and monogermane with FyoADF (250,112a).

Several reactions have been attempted utilizing the partially hydrogenated
intermediate formed in the reduction of FgADF with lithium amide. Formation of the
amidine salt was attempted with sulfuric, hydrochloric, 70% perchloric, and anhydrous
perchloric acids (252). The only identified product was formed with anhydrous per-
chloric acid.

NF N
0 CHClz 0
(NF, ) oCFN=NCNH, + HC10y -—————p (NFp)oCFN=NCNHz C104

The solid salt was pale yellow and very hygroscopic. At 140°C, the free amidine
was found to undergo complete decomposition within 24 hr. while at 110°C, in the
presence of NaF, no decomposition was observed (251). FPhotolysis of the amidine
led to the formation of perfluoroformemidine and an unidentified solid (251,112a).

NF
u

NF
(NF)oCFN=NCNH, + hy ————> NFREF + CF + Np + solid

The reaction of tris(difluoramino)fluoromethane (code neme: Compound R)
with sodium azide in DMSO led to the formation of difluoro-fluoraminomethylezide
(85¢).
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(NFp)gCF + Nally —2B0 5 FeNz'Ns (408 yield)

Fluorination of 3,6-diamino-1l,2,4,5-tetrazine with alemental fluorine in
liquid hydrogen fluoride led to a compound tentatively ldentified as the 3,6-bise
(difluoramino) substituted analog (497). Attempts to isolate the material resulted
in & rapid decomposition.

NFo P

IE + Fp ———d g g tentative)

N

¥z HF
\

V-C. NNO and NNOs Derivgtives

The preparation and reaction of the NND- and NNOa-substituted compounds
discussed in the ensuing parsgrephs are only a porticn of those reported. Addi-
tional citatlons of these molecules mey be found in the sections relating to ureas,
fluorinated guaenidines, and perfluorogusnidine (see Table V).

Fluorination of dinitroazodiformamidine in the presence of sodium fluoride
at lowv temperature has led to the formation of FgADF-B, F4ADF, and two unidentified
products (252).

Jmop 0o - 0o | woowe
NHoCN=NCNHp + Fp s >  (NFp )oCFN=NCNFp + FCN=NCF
(isomer B) (F4ATF)

Attempts to conduct the same fluorination in aqueous solution in the presence of
B203 were unsuccessful and similar negative results were obtained by the use of a
fluorine-helium mixture in the presence of sodium fluoride in Freon 113 at -22°C
(252). The use of acetonitrile as a solvent resulted in an explosion.

FA-DENA has been prepared by a multistep process from 2,2'-dihydroxy-
diethylamine (178).
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HNO 1) HCOpH
(HOCHACHp )pNH ————sed (OpNOCH,CHp)oNNOp "'"%"&'ﬁ;'g?r"’ (HOCH,CHp )oNNOp
FFG, urea
RoTo| crem
NE
20% Fp/N 2
ﬁmpz)scocnecue] 2N0p ‘__O%T?J_{-ci- HFN-COCHpCHp) 2NN,
- 3
2

FA=-DENA

Difluoramine, in the presence of 96% sulfuric acid, has been used to re-
Place alkoxy groups by difluoramino groups in substituted imidazolidine imines
(270,272) and acetoxy groups from substituted amines (269).

N-10, o
c
N 96% HpS0 LN
W~ NH + HNFp P H0 oo S
B — it formalin @_@
R E R NFp
R = ~0CHz or =0CpHg
B B
CHaCCHNCHNCHNCH,0CCH, + HIF, ——Hgg%—a F o NCHNCHNCHNCHANF
Nop NO2 Noa 2°v4 NOp NOp NO,

(code name: BSX)

Nitryl tetrafluovoborate (NOEBF4) wes reacted with 2,6-di(fluorimino)-4-
imino-1,3,5-trihydrotriazine to yield a compound tentatively identified as N'-
nitro-2-keto-4~imino-6~fluorimino-1,3,5-trihydrotriazine (497).

NOo

H
[}
N r1\: NF FNYﬂ:Yo
T+ voomr —_— « XHF
NH 2554 N N xHF

HN

h4 T
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CHAPTER VI

INORGANIC NITROGEN FLUORIDES AND DERIVATIVES

VI-A. DNitrogen Trifluoride

The heat of formation of NFy has recently been redetermined by two methods:,

the direct reaction with sulfur (158) and via the dissociation of excess NFx in the

explosion with Hy (15la, 151, 151f, IS5). The measured values were -31.75 % 0.2 and

-31.44 ¢ 0.3 kcal/mole, respectively. The former led to an average N-F bond energy
of 67.1 keal/mole and a derived D(NFy-F) of 59.1 % 2 kcal/mole, confirming the
earlier conclusions that the dissociation of the first N-F bond (to give stable NFp
radicals) is lower than the average. The latter study was used to recalculate the
heat of formation of aqueous HF (1:123 Hy0) as -77.0 T 0.2 kcal/mole. The value of
AHe = -30.60 kecal/mole is then recommended in the use of NF; as & calorimetric
fluorinating agent.

Studies of the dipole moment of NFz gave a tentative value of 0.17D (232)
and from work at 48° and 80°C the value 0.20D (238).

Efforts to observe the ion-molecule reaction
+ + )
NFz + Fp ey NF4 + F

have not been successful to date (386, 402, 405). High energy radiation of mixtures
of NFz and Fp with'AsFg at -196° gave (472) moderately stable solids which appeared
to contain the salt NF,*AsFg~ (dec. 200°) together with NpFz+AsFg~ (dec. 110 - 170°)
and apparently & third salt which evolved NpFp and AsFg at 20 - 50° (NQFASFG is
known to be much more stable than this). Radiation of NFz-Fp-BFz mixture at -196°
in a sapphire tube (oxygen-free fluorine) gave high purity NF4BFy. The synthesis
and properties of NF4+ salts are described in detail in section B of this chapter.
Further reactions of NFy which have been studied or attempted are summarized in
Table VIII.

VI-B. NFy* Salts

The synthesis of salts of the long sought NF4+ ion has been well demon-
strated since the previous review (284a). In October 1965, Steuffer Chemical Company
chemists reported (507) the formation of NFyAsFg~ by a low temperature electric dis-
cherge method.

NFs + Fp + AsFs elec, disch. > NF,*AsFg"

-80°

46
CONFIDENTIAL




)
| B
)
CONFIDENTIAL
M r
TABLE VIII
REACTIONS OF NFy
Reactant Conditions Reaults References
Clp 200 - 500°, 8000 - No reaction 75
10,000 psi
NO 200 - 500°, 8000 - NOg, NOF 75
10,000 psi
NO Excess NFS, 300°, NOF, NFz 78
8800 psia
NO excess 200° Exploded 78 E
i
No/cis~NgFp 66°, 80,000 psi, 25% dec. of NpFp 89 ;
1 hr.
OFp 300° Dec. of OFp 339
OF, 200°%, 10,000 psi, Unk. with IR abs. at 75
6 hr, 1225 and 2175 cm-1l
OFp Flash photolysis, 03z 88
liquid
CsF 500°, 8000 psi, No reaction 78 :
1 hr. _ '
) CsF; NO 300°, 8800 psi, Some NOF, probably Np 78
18 hr.
: BFs (or Tesle coil disch., Some NéF+BF4' (or PFg™) 232 ’.
FFs) 5 mm, pr. -196° and SiFg”~ <
quench
BFyg 1445 psi, 25° No deviation from 232
ideality . ;
% i
FFg 1090 psi, 25° No deviation from 232
ideality
j
SF5 | 200°, 2400 psi, ~ 2% reaction of NFx to 479
. 50 hr. NF,*? and unidentified
! product
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Reactant

AlCl4

Fe+2s H;q.

g- or t-Npl'p,
HC10g4 * 2HpO

Xe

ClFs

ClFy
CloaF

C1FpSbFg

C1FoSbFyg

C1lF,8bFg
C1lF4SbFg
CsC1Fy4

C10p
t-NoFp

NoFg
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TABLE VIII (Concluded)

Conditions

80°, 4 days (or 135°

fast)
60°, fast

820’ 6’ 100 atm-’
4 hr.

Flash photolysis,
liquid

425°, 1350 psig

325°, 2125 psig,
20 hr.

475°, 2050 psig,
18 hr.

250°, 3 hr.

350°, 80 hr.

350°, 23 hr.
200°
200°, 24 hr.

470°

110°
Y-Radiation, -196°

v-Radiation, -196°

UV, liquid

Regults

NgClp

NH*, Fe*S, B

Dec. of cis-NoFo
XaF compounds

No reaction

Some ClFz and Fp
No reaction

No reaction

36%, dec. of NF5, hard
pink solid

No resaction
Some ClFs evolved
No reaction

S81. dec. to CsF, C1F,
ClFs, CuFy end NiFp

No reaction
No» Fp, NoFy

Inconcl. (8i contami-
nation)

Small amounts NOgF, OpF:
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The compound (apparently contamineted by N-O salts) was reasonably stable to 200° and
gave an infrared spectrum showing bends at 1165 and 707 cm~l attributable to the NF,*
and AsFg= ions. Publications describing the synthesis and properties (Lll, 128) and
the vibrational and NMR spectra (Ll2) have appeared.

In December 1965, Stanford Research Institute scientists reported the for-
mation of a new N~F containing solid which was believed on the basis of;lgF IMR
(resonance of -215 @) and thermal pyrolysis studies to be NF4SbFg (476). The four
component reaction system used, NFx/Fn/SbF5/HF, had in one run previously (475)
given evidence of some reaction. The analogous reaction with AsFg was also demon-
strated (477). The products of these early runs were badly contaminated with metal
salts, but the elimination of the HF from the reaction mixture led to products of
good purity (477). The formation (especially at short reaction times) of some of
the salt NF4SboF,, was also demonstrated (477), but the excess SbFy could be removed.
The finsl procedure 1s as follows:

200°, 2400 psi . 200° . NTASHT
NFz + Fp + SbFs éo T > NF4SbFg + NF4SboFqig T Tys, Ve NF43bFg

(41% yieid)

The synthesis and properties of NF,SbFg and NF4AsFg by similar methods have been de-
scribed in the literature (156, 157), but applications of this method with weaker
Lewls acids havebeen less successful as shown by the results (487) shown below:

125°, 2500 psi

NFy + Fy + AsFg 10 days

> NFAsFg (17% yield, 93% purity)

100°, 3000 psi
138 nr.

NFz + Fp + FFy > trace NFy* (enion not determined)

1007, 3000 Bsiy no NFyBF,, but sl. loss of NFz and
185 hr. residue evolved NFg, Fp and SiF,
on pyrolysis

NFS +F2 + BF3

]
NFg + Fp + ClFg 007, 300 psd, no yp,ciF,, some ClFs formed
65 nr.

100°, 3000 psi .
65 hr.

NFz + Fp + ClFz trace of NFyClFg ?
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The ldentification of the CIFB reaction product was based only on the evo-
lution of some NFg, Fps GiF, and ClFy when the reactor was heated above 225°, after
prior evacuation at ambient. (In view of the dublous existence of the ClFg™ anion
the latter product appears unlikely) As might be expected, however, PtF; forms a
stable salt (559u).

NFz + PtFg + P 125° NFPtF
2000 psi

The direct reaction of NFx and SbFg (without Fp) at 200° and 2400 psi for
for 50 hr. appeared to give (479) a mixture of NF salts based on the reported
hydrolysis products: NFy and Op from NFy*, NzO from NpF* and NO and NOp from NpFz™,

In' studles at Midwest Research Institute in early 1963, the formation of
smell amounts of NF,AsFg was observed (248b) from the fluorination of NpFzAsFg at 115°,
but the reaction route is not clear and masy involve NFz as an intermediate. Results
of studies at Shell (472) at about the same time suggested the formation of NF4AsFg
upon high energy radiation of a mixture of NFz, Fp and Asly at -196°, The resulting
solid product evolved NoFy and AsFg at 20 - 50°, NpFy and AsFg at 110 - 170° (i.e.,
from NaFzAsFg) and NFg and AsFs at 200°(i.c., from NF,AsFg)., Further studies with BFy
in place of AsFy and oxygen free Fp have led to good yields (~ 160 mg/hr) of high
purity NF4BF, according to Wilson (593s).

Ya “1960 >N
apphire cell =

NFg + Fp + By — NF4BF,

Application of this method to the NF3/Fp/ClF; system did not,however, lead to NF,CIF,.

The synthesis of NF4C10,4 and other NF4+ salts by metathesis reactions have
been studied extensively at Stanford, although previous calculations (474) had in-
dicated that no oxyanions would be stable with NF4*. The high solubilities of
NF4ShFg and NFyAsFg, 2.6 and 1.2 g/g of anhydrous HF,respectively (I57) meke this an
attractive solvent system. Preliminary studies (478) indicated that NF4SbF6 and
KC104 were compatible as a solid mixture and in HF solution. 17he metathesis reaction
with LiClo, (the lithium salt is preferred since the solubilities of the alkali
fluorides and complex fluorosalts in HF incresase with increasing size of the cation)
followed by separation of the by-product and removal of solventat low temperature
gave (488) a white solid believed to be NF4C104 which decomposed below room temper-
ature:

NFySbFg + 14010, <> 1iSbFg + NFyCl0, (HF Soln.) —Zhs wryclo,

NF40L04 ~27° 5 NFg + CLOgOF
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This mode of decompoaition, previously predicted (276a), 1s in contrast to the de-
composition in all other reported systems involving fluorocations and the per-
chlorate ion, i.e., to give FClOy by the oxide-ion transfer mechanism (276a). A
similar result was obtained when the metathesis reaction of NF,SbFg and CsClOq was
attempted in IFg solution, except the product NF,Cl0, decomposed at the melting
point of the IFg, (559a) pure IFg melts at 10°.

Similarly, the metathesis reaction with LiF or HF gave a stable solution
of NF4HFp &t low temperature (487) and a stable solid after evaporation of excess
solvent (488). Most recentlv, however, this solid was described as & solvated
material which decomposed to NFz, Fp and HF at -44° (559a). However, the NF¢HF,
solugion is useful aa an intermediate in the metathetical preparation of NF BF,
(489).

(-]
NF,HF,/HF + BFy ——2—3 NF,BF,

However, the salt of the oxyanion SO0zF~ could not be prepared by an anal-
ogous reaction as decomposition occurred:

-78

Q
> NFs + FSOnOF

NFyHFo/HF + S0

Mixtures of the solid salts NFySbFg and LiClOs reacted at 55° similarly to give
ClozOF while mixtures with KBr, KC1 or KF evolved the corresponding halogen gases at
25°, 150 and 225°, respectively (488).

The thermal stabilities, of the known NF4+ salts contalning perfluorocanions
are (487, 593a) as follows: NF,SbFg dec. $ 300°; NF4AsFg, dec. ~ 270°; NFyBFy, dec.
236°., The good stability of the NF,BF, is apparently kinetically derived (276a)
since calculations indicate that the heat of decomposition to WFz, Fp and BFz is
+3,6 keal/mole at 25°, although AHp is -305.2 kcal/mole (593a). Differentlal ther-
mael analysis on & sample of NF,SbFg containing some Sb,Fy,~ indicated a melting point
of 170° (478). The density of single crystals of NF4AsFg deposited from HF solution
is 1.9225 g/ml.

All of the NF4+ salts are sensltive to moisture and appear to react with
meny organics (593a). The hydrolysis is described (478) by the equation

NF4+ + Hp0 > NFz + 1/2 O + HéF+

The NFySbFg reacts with traces of moisture in glass at anmbient temperature and at-
tacks glass at 85° to give SiF4, NFs and presumably OoSbFg.
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VI-C. NHgF* galta ;
The synthesis of fluoroammoniwa nershlorate by Grakauskas and Remanick at :
Aerojet-General was discussed in the previous review (284a). Early storage studies !
on the product available in 1965 showed (45) no reaction in nickel after three 4
months at 25° and only very slight decomposition in Menel, but stainless steel and i
Teflon were unsatisfactory. Later studlies on samples of higher purlty showed no i
reaction with Teflon in 60 days at 25° (S0) and no reaction with glass in 30 days :
at -20°, but slight reaction with nickel in 2 weeks at ambient temperature unless it
was well passivated with HF. Electrostatlc test {(45) showed thut NHzFC10, was qnly
slightly more sensitive than RDX and scale-up studies were siarted. Thus 5 « 10 g. ‘
batches were prepared in 1965 (46) and 70 - 140 g. lots in 1968 (48). The preferred ‘
synthesis route was o

A0 o
NHF-CO-OCH(CHy )p/CHCLls + 2HC104/CHCLs 20-307, NHzFC104 + COp + (CHz)pCHCLO4

The use of less than 70% HC10, caused partial hydrolysis of NHzF+ and thus led to lover
vield and purlty. The use of anhydrous HClO4 was introduced in late 1966 {49).

The initial product appeared to be a less dense crystal form which rearranged on
standing & few days to a more dense form. The latter form was obtained directly if
the solvent was CHaClp. The fluorocarbamate was prepurified by removal of isopro-
pylcarbamate on a silica gel column after N,N-difluorocarbamate was volatilized off.
Traces of solvent must be carefully removed or they greatly reduce the stability,

Differential thermal analysis of a NH5F0104 sample prepared from 70%
HC104 showed (46) an exotherm at 105°C and impact sensitivity tests showed ~50%
detonations at 25 - 30 cm, compared to 25 cm for RDX. Infrared analysls of a sub-
limed sample (NaCl window) showed bonds at 3.05u (N-H st.)and 7.03 u (NHp bend),
i.e., shifted to shorter waveiengths by ~ 0.153 K from NHyClO4. The N-F band was not
observed, and was assumed to be obscured by the C10,~ bands. The heat of formation
of NHzFCl04 was determired by combustion calorimetry at Aerojet (50) to be -67.8
keal/mole (-49.9 keal/100 g.), in good agreement with the value -66.57 kcal/mole ob-
tained from the heat of solution in water (-54.5 kcal/mole determined by Fasolino
(302a) and the assumption that the hydrolysis products are F-, 1/3 NH,*, 2-1/3 H*,
1/3 No and C104”. From the heat of formation and the assumption that the heat of
vaporization of NHzFCl0s equals that of NH,Cl04 and that the N-H bond energy in
NH3F+ is 93.4 kcal/mole, a value of 57.1 kcal/mole was calculated for the N-F bond
energy., This value is probably too low by 10 - 15 keal. The theoretical specific
impulse of NH5FClO4 with an aluminized butadiene fuel was calculated to he about
270 sec.

The NHzFCl04 is unusually soluble, for an lnorganic perchlorate, in or-
ganic solvents such as nitriles and esters. Solutions in energetic solvents were
being considered as ligquid monopropellants. The very hygroscopic and moisture
sensitive nature of FCl0, also occurs with the methanesulfonic acid salt, :
NHzFSO0zCHz, which undergoes a complex decomposition to gilve NpHy along with Np i
and NHz (but no NOp,~, NOZ or NHpOH). :
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VI-D., Difluorcdiazine

The chromatographic purification of the two Ner 1somers has been studied
at Rocketdyre (386). The gig-NQFb is purified cn a silica gel column while trans=~
NoFp is purified on an activated alumine column on which the cis isomer is decom-
posed, Purified gig-NéFe wes found to be much less raactive than generally in-
dlecated in the published literatura. Efforts to Photosensitize the isomerization
were not successful with NOg, CgHg, Ce¥gs Clas Brp or In as agents. The thermal
isomerization at 74° for 1 hr. gives good (93%) conversions of trans to cis accord-
ing to studles at Harshaw (224). The trans-NaFp 1s previously purified of NoFy
and 5Fg by treating with HpO and subsequent distillation, then mixed with ~25% cis-
NpFp prior to isomerization. Flowing gaseous trans-NoFp has been noted to ignite
Kel-F needle valves (471) and hence should be handled with caution. ‘

A number of reactions of cis=-and trans-NoF, have been attempted or studied
as summarized in Table IX.

VI-E. NoF' Salts

The salt, NpF*AsFg~, (284a) has been estimated (386) from electronegativity
conslderations to be only ~35% ionic in the solid, although HF solutions might well
be ionic. The shift of the AsFg™ bond from ~700 em~l in metal hexafluorocarsenates to
715 em~% in FAsFg was considered indicative of partial covalency, but the simi-
larity of the X-ray patterns of NoFAsFg and NOpyAsFg was not considered significant,
The use of HF as a solvent has been found satisfactory for crystal growth studies
on NpFAsFg (472).

The reaction of either cis-or trans-NpFp with SbFs at 40 - 50° gives a
1:2 complex (m.p. 82 - 84°) according to Ruff (IS2) which is apparently the salt
N2F'SbpF11™. The infrared spectrum shows only a single band, 1054 (m) em=1,in the
N-F region and no N-N bands were observed. No satisfactory NMR solvent was appar-
ently found: the complex fluorinated Ast to Ast and reacted with S0 to give No0,
Nz, SFp0, SFp0p and SOpSbF5. The NpFSbpFi; decomposed readily at 200° with attack
on glass, Only cis~N,F, 1s evolved in the thermal decomposition or in the reaction
of the complex with K.

In another study of the infrared spectrum of NoF*SbFg~ (87a) the N-F and
Sb¥ bands were again observed, but not the N-N bands. In SbF5 solutions of the salt,
however, the N-F band was not observed (88, 89, 90)., Interestingly enough, a tran-
sient royal blue color was repeatedly observed (89) at the interface of NaFp and SbFs,
or uniform blue solution was formed (90) when the NpoFp was bubbled through the SbFy .
The biue solution, which soon chenges to the final yellow color, was suspected of
contalning the intermediate product NéF2+SbF5' bagsed on the results of EPR studies.
Even in the yellow solution, two distinct paramagnetic species could be observed at
g=2.002 and g=2.027 using a Kel-F tube. In a glass tube, the 2.009 gpecies (ap-
parently the Né-containing species) was not observed and absorption was probable,
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TABLE IX ‘

REACTIONS OF NpFp ‘

. \

Reactions and Results Refersnce ‘ S

' )

NpFp + CoF 2525 20 mole percent NpFs absorbed (Cs*Ngs™ ?) 79 §
L, B
{

60° ‘ . i

> 250 psi |

NAF ( - -111° 1" " 25° . i
NoFp (mostly rens) + CsF ~—===_3 some solid "complex" ————3 cis-NpFp 79 v )
| !

CFClg . ‘

NEFQ + C8F —————= no apsorption, but one of two runs exploded 79 .
N cap _50° 85° . . .
pFp + OF, + (3F wwiteoeeey  No rxn. ————3 unident. prod. 79 )
16 hr. 20 hr. ;

HF, + OF, —Z2o. ‘N x | 79

NpFg + OFp + COp + CSF ——=» (('F50)p0 (not obtained from ternary

et i, Gt ppm it T e

combinations) 79
o Np¥Fp + Clg + CsF ———>» unident. prod.: NpFpCl* in mess spec. 79 ‘
‘ (two runs exploded) ;
. NoFz (2ig or trans) + Cs¥ ..:59:.., sume ede. o‘i'lNngh(mo.r-eam;x‘g ahise) 80 ‘
! 3 ' : . ) . @ ' ' h
3 ‘ L --‘?-:-’-—> 2is asorhs ‘ ‘ : ‘ .
: “ i
| NoFp + Clp 2800 5 Ko v, 80 :
] " 24 br. i
> :
; cig-NpFp + OFp _2.;%%_; unident. IR peaks 80 |
cis-NpFp —=<00° 5  Detonation 88
- "~ 4000 atm. )
trans-N g2’ No rxn. &8
22 3400 atm.
93-100°
NoFpn + NoFp e————ee—3 NP 88
2’2 7 7% T5200 atm. 5
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TABLY IX (Continued)

Reactiona and Results

82°, 6100 atm. :
cls- or trans=-N + HC10, * 2HnO 4 » dec.of NoF
cis-or trans-NoFp 4 ' &Hp s . (W) oF2

- 3
NoFo + Mg(Clog)y -2 SQN; 107 p8ig 5 unident. rxn.; no NFCLO,
"3

o 1
cis-NoFp + No/NFy 282 8 X 10" psig 254 gec. of NFs

1 hr.
L]
E".L_E-NQFQ + Ho0 14 st
890 sd Np + 1/2 0, + 2 HF
- order
trans-NoFp + HoC rate

(Note: no effect by OH" or surface on ¢is; no N-O-F
intermed. obsd.)

An WV, 100° :
N2F2 + CO NR slow) CFEO

- -] L °
$-NgFp + ClOpF ~ZT380 5975 g ey BOOTS iy 4 R + Mp + Op

-78 to 85°, > 150°
————————a

t-Npl'p + ClOgF ~ No rxn, —~=>—-3 dec. of NpFp

_=78 to 25°

t-N.Fp + ClFg —> No rxn. (sl, dec. of NpFp)
>150°
———— dec. of NyFp
-]
t-NpFp + OFp ~2l8 %0 1507 sone dec. of both

- £ © -]
t-NoFo + C1F —'7—8—3-9—119 some dec, _LS_O_’ ClFz + Np

C]_F5 M some dec, _]_.5_0’__> ClF‘5 + N2

fcr
=

n
t

n
+

NpFp + Ip By IFs (trans reacts faster than cis)

t-TpFp electron radiation, Nz + NFz + NpFp
- low temp. -

NpF, + NFy elect;g: ::i;atioq_> Np + NpFy + Fp
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89

89

227

259
340
340
341
340

341
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342
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TAHLE IX (Concluded)

Reactions and Results Reference
N F l‘.f. diBChu - 4°K unnCh N + F. no N F' O'bS. 532&
oFp > 5o tatrix® 2 (no N2 )
cis-NgFp + OF, SL8Ce 8Ny N, Fy, Op 532a
NpFp + 0y 2heCe dlschey  one og, NOp, SiF, 5328

-196°
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Efforts to utilize the NoF* salts as reactents have not lead to the desived

products,
The following results were obtained at Aerojet (17)
(3
f: NoF*SbFe- 25° No 1 ._9§:...> NP 01id ( F5*SbFg=~)
| ! NoF'SbFg™ + NoFy -E'?E:€> LR Dy ey No, NFg, &0 no NoFs 6
-78° ~-83°

NoF*SbFg~ + (NFp)2CNF > No rxn.—="—3 N,, NFz, CF,, solid (not (NFp ) ;CN*SbF )

-78

-]
NpF BFy~ + (NFp)oCNF > some Np, cis-NpFp, CFy, BFz and SiFg(no (NF, ) CN*SbFg ™)

In studies at Reaction Motors (355) the mixing of solid NyFAsFg and CsClFy
at -78° in a glass apparatus gave ambiguous results.
No reaction was observed between solid N, FAst and 500 mm. pressure OF,

at 25° to 112°, or at 25° in HF solution (532a). No products of interest were ob-
tained from N»oFAsFg and KNOz, AgNOz or AgNOp.

VI-F. Tetrafluorohydrazine

Structural studies on NyFy have recently been reported by Hersh (I28) and
by Bohn and Bauer (L6), the latter study also included the NF, radical. The 19
NMR spectrum has been obtained at low temperatures by Colburn et al. (Ll2a) and
shows the presence of rotational isomers.

Studies of the reaction chemistry of IMpF, have continued since the previ-
ous review. An increased emphasis has been placed on reactions with incrganics
since the reactions with organics had already been extensively explored. A large
number of experimental studies with NyFy are summarized in Table X. Much of the
chemistry of the C-N-F compounds is now appearing in the published literature.

Several studies have been concerned with the compatibility and properties
of NyF, with other liquid oxidizers. Thus in a program at Aerojet (44),studies were ”
made of the densities, vapor preasures and stabilities (themrmsal, adibatic compression,
flow conditions, and storasge) for NpoFy with C(NFp)s, CF(NFp)z, HNFp and C1lFs. The
NpF4 - ClFy system was studied at Reactien Motors for thermal stability, pressuri-
zation and shock sensitivity (360-363). Homogeneous mixtureg from the components
NoFy4, NF30, C(NOz)4, CF(NFp)3, ClO3F, ClFs, ClFs were studled at Rockeudyme (387)
end theoreticel calculations made (393) for the ternary svstem NaFy - C(NF2)4 -
ClF5.
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VI-G. NaPg* Salts

The formation, propertles and reactions of a product discovered at Rohm
and Haas in 1961 and reported in 1965 (I49u) as NFaShFs was previously reviewed
(284a.),

This material was obtained from the reaction of NyF, and SbFg sppeared to
retain the N-N bond. Studies at Reaction Motors beginning in late 1864 of the NoFg-
AaTg system indicated (351) the formation of one or more adducts at -80°, Further
studies (352, 354, 555) led to the identification of the stable 1:l adduct as
NoPs+AsFg~ according to the publication by Young and Moy (L62). The reaction product
at «80° approached the composition NpPgAsaFy s but the excess AsFg was evolved on
pumping at room temperature. Other studiles %405) have also indlcated & complex
(NaFy )3 (AsFg)p at =80°, according to the NMR of the solid. The earlier studies nn
the SbFg system have been extended and published by Ruff (I152). The 19 R date
are conalstent with the presence of the NéFg* ion in both products: NMR resonances
at -180, -146 and -122 ¢ for NéF3A5F5 in HF solution; NMR resonences at -189.9,
-154,0 and -128.8 § for NoFxSboFq; in S0p at =70° with the churacteristic appear-
ance of an ABX group. The latter salt in HF solution gave resonances at «180, -154
and =129 § (476). The infrared spectra of the two materials also indicated the
same caltion and nine strong bands, corresponding to the expected nine fundamentals
of the F. N=NF* ion, plus normally shaped anion bands have been observed for the
AsFg= salt (276a). On the other hand, a tentutive conclusion that N,F, '2SbFs was
not ionic was reached, based on NMR studies (477).

The N,FzAsFg is soluble without decomposition in BrFs at -60° and IFs at
25°, but is insoluble in SFy, CFzOF, or (CFz)oCO (357) and attacks CFClz, CpFsClz,
CCl, end ignites organics (284b).

A number of attempted reactions of NéF3+ salts are summarized in Table
XTI.

VI-II. Difluoramine

The structure of difluoramine has been determined recently by microwave
(137) and electron diffraction (129) methods. The microwave study led to a dipole
moment of 1.93 f0.0ED,which was confirmed by the value 2.01D in other studies
(236). The infrared spectra of HNF, and DNF, (L14) have been reported. The heat
of formation of HNF, was redetermined as -9 kcal/mole (359a)., The study of hydro-
gen exchange between HNFp and Dy0 or CFzCOOD was initlally interpreted as showing
evidence for the NFéHé* ion, but cryoscopic studies of HNFp-HpSO, did not give the
name conclusion (184). An NMR study of the exchange between HNF, and CFzCOOD
showed second order behavior over a narrow range of stoichiometry (i.e., ratios of
0.5 to 2.0), but at higher HNFé/CDSCOOD ratios the rate increased and no simple
relationship was observed.
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TABLE XI

REACTIONS OF N,Fy* sALTS

Reactants Conditions Result Reference
NranASFs + F IFS . E'NaFa, NFS 382
NoFzAsTy + a0 Ny, NO, NFz, NoFo 358
; NoTzAsFg + NaIFg 28% NF3, 4% t-NoFp 355
NoFPzAsFg + KC10, Ground solid No rxn. in 10-15 min, 355 f
mix., 25° l'
!
NpFzAsFg + KSOsF Ground solid Complete loss of N-F 355 ’
mix., 25°
NpF3AsFg + AgClo, HF No rxn. (AgCl0, too 355
insol.)
N2F3AsFg + KC10, -80°¢, HF Immed. rxn., C1,, 355
NoF4s N-O cpds,
NpT3AsFg + KC10, -50°, 50, NOAsFg, attack on 356
solvent
NpFzAsFg + NHyCl04 . -50°, S0p NOAsFg, attack on 356
solvent
NpFzAsFg + (CHgz)4NC10, -50°, S0, NOAsFg, attack on 356
solvent
NoFzAsFg + HS0:F ~50°%, 80g Fast rxn, 356
NpFzAsFg + NH,C10, Solid Compatible 356
N2F3ASF6 + (C’HS)N0104 Solid Compatible 356
NoFzAsFg + Brf -60° $ol. without dec. 357 j
NpFzAsFg + IFg a5° Sol. without dec. 357 ,E :
L
NoF3AsFg + KC10, IFg Slow dec. to C10sF, 357
W35 L-NaFy .
|
i
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, TABLE XI (Conoluded)
Reactants Conditions Result Ruference
N FeA8F, + C8C10 ; slow dec, 357 |
oFsA8Fg + C8Cl0, IFg very |
NoF3SboFq) + C8Cloy 80° ClosFINFg, vigorous rxn. 357 |
NoFz8baly + (8ClO4 Grinding, 5° One sample deflagrated 357
NoF, (g) + csCl0, (s) SbFg suspension White solid, dec. at 357 N
80° to ClOsF, NFz
NoFzAsFg  + {zCNFp SbFg5 suspension Deflagrated 357 .
N FzASFg + PaCNF, -70°, 80, Immed. rxn. to NF,, 557
NoFot, @sNAsFg
N‘QFSASF6 + Fe 115-120° NFz, AsFg, traces 276a
NF4A8F6
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The moat important reaction of HNFg to be discovered recently is that (in

the form of its XF complex) with fluoroxy con\pounds auch as CFp(OF), to give the very

stable diflucroaminoxy analogues, e,g., CK (ONFb) These studiea have been pursued
at Rocketdyne (385, %48, 402). The CF (omt',e)2 for example 1s a stable liquid boiling
at -9° which ia not shock sensitive and which is atable in concentrate HyS04 at 25°
for 40 hr, A number of othoer reactinns of HNF, are summarized in Table XII.
Publications are appearing in the literature on the reactions of HNFp with organic
compounds. Results of studies of the hydrolysis (L1S), electrochemical reduction
(180) and resction with anions of HNFp (181) have baen published.

Studies of the mlscibility, density and stabillity under storage and flow
conditions for mixtures of HNFp and NpFp were made at Aevojet (44).

VI-I. Trifluoramine Qxilde

The independent discovery of NFSC by Bartlett and co-workers has led to
the declassification of much of its chemistry. Bartlett and co-workers first de-
tected NFs0 (which they named nitrogen oxide trifluoride) as a trace by-product of
the fluorination of NOF with PtFg (to give NOPtFg end Fp) (1185) or with OsFg to
glve NOOsFg and NOOsF7 (Lla). Iridium hexafluoride on the other hand gave (Lla,
I2) a stoichiometric amount of NFz0 of high purity according to the equation

(-]
3NOF + 2IrFg —o0—> ONOIrFg + MWFs0 + Fp

the pyrolysis of (NO)oNiFg at 350° also gave NFzO together with an approximately
equal amount of NOF (I2). The synxhesis and properties of NFz0 heve been summarized
tn e aot. iuishew by teientistu at Allied Caerical (148) qd Ruclketiyne. seiratlcis
have pihlished (L17) a paper on the infrared spectrum, structure and thermodynamic
properties ~f NFzO. The thermal decomposition NFz0 has been reported to begin at
ab~ut 235° (76), while other reports state that it is stable in nickel or Monel at
300° and attacks glass or quartz only slowly at 400°.

The results of a number of other studies on NF30 are summarized in
Table XITI.

Vapor pressures were measured in the range 10 - 70° for a 1l:1 mixture of
NFz0 and C(NF2)4 and the stahility over a 4l-day period at the higher temperature
was established at Aerojet (44). Properties of homogeneous oxidizer mixtures of
NFz0 with other components were studied at Rocketdyne (427, 395, 400).

VI-J. Complexes of NFz0 and the NF,0" Salts

In the previous review (284a) the reactions of NFs0 to give complexes
with weaker Lewis aclds and ionie I\'FQO+ salts with very strong lLewis acids were
described. '
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Further studles of the NFRO-BF system at Rocketdyne concluded (586) that the product
can be either "ionic" or covalent" depending on the preparatory route, but the NFy0-
AsFg product was estimasted from electronegativity conslderations and Harmel calcule-
tiong to be at least 20% lonic, Studies of these materials have continued, but use-
ful NFpO* salts have not been attained.

The 19F MR spectrum of the NFpO* ion in BrFs solution shows a chemical
shift which is dependent on the anion and spparently on the concentration, but es-
sentially not on the temperature (75). The shift to higher fileld is in the order
SbFg" <AsFe' <BF4'. At -60° the SbFe‘ salt appears to be two singlets, one broad
end one narrow but at room temperature & triplet is observed. The NFyO-AsFgy product
also gave varying NMR shifts with different HF samples (386).

Solubility studies on NFoQAsFg showed (78) that it wag essentislly in-
soluble in the following solvents at the temperatures listed: BrFs, 25°, (CFS)QCO,
25°; (CFszC0)p0, 25°; HSOszF, 25°; FFs0, 0°; ClOzF, -10°; SF40, =40°; CFp0, -40°.

The vapor pressure of NFoOAsFg was determined to be 10 - 20 mm. at room temperature.

VI-X. Chlorodifluoramine and Dichlorofivoramine

The chemical properties of chlorodifluoramine have been summarized by
Petry (146)., The reaction of an agueous NaClQ with difluorourea appears to be one
of the best methods for generating sizeable quantities of ClNFp (18).

Efforts to prepare Hg(N“ )o from the reaction of C1NF, and Hg at -40° to
25° or in ethyl ether solution sat ng‘gave N,F4 and traces of NéFb (17). In studies
of the related compound CLNFCOOR (R = CuHg or CzHy) the coupling reaction below was
apparently observed (15, 17).

CINFCOOR + Hg ——> Hg (NFCOpR)p + ROCONF[HgN(COpR)], HeNFCO,R

20% 80%

The Hg(NFCOOR)e reacted with Cl, to give the starting material and with Ip in
CHpCly to give INFCOOR (without solvent, FCOOR and No were formed) rather than the
desired coupled compound (_NFCOOR)E which was invisioned as an intermediate to
NoFpCly or NzFsz. Efforts to use sulfur of 5p,Clp as ‘the coupling agent were incon-
clusive and Ce, 2Zn or Ag failed to glve the Hg reaction.

Another related compound C(NF, ) NFCL (first prepared at 3M in 1964) was
found (15) to lose C1NF, even at -196° gn glass, An attempt to prepare
C(NFp )zNFC10z by the reaction of C(NFp)zNCO with CLOzF/NaF was unsuccessful (15).

The research on the synthesis of dichlorofluoramine has been published

(LS52). This compound has been synthesized in good yield and purity at Aerojet
(15) from N-fluoroethylcarbamate: '
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Fp/N,
NHp -CO0CpHg _.?_/.&.> NHF-COOCpHs _H_g.}_Q_; ClpNF

This method {which strangely did not work with the propyl carbamate) was an improved
version of a 1961 Aerojet method not included in the previous review (see ref, 27 in
bibliography of ref. 284a):

cL
HNFCOOCoHs ——23 CLNFCOOCpHs -N8CL05 wiowr + cop

The pure CLoNF prepared at 5° was a colorless liquid, but reaction at -5 to -10°
gave a yellowish product which contained CO; and organic metter. The ClNF de-
composed in glass at 25°, The presence of BFz accelerated the decomposition, but

CsF appeared to stabilize 1t.

A number of reactions of C1.NF have been attempted as summarized in
Table XIV. 1In general, the ClLoNF appeared to act as a source of NF radicals (18).
An attempt to react C(NF, ), with (CHz)3C0CL gave CLNF, rather than the desired
C(NFQ )SNClE (8).

VI-L. Miscellaneous N-O-F Compounds

A large number of reactions have been attempted on various compounds
which contain nitrogen with fluorine, oxygen, or both as summarized in Table XV.

Although NyFp, NpFg and NFz0 readily undergo the fluoride asbstraction
reaction with Lewis acids (e.g.,to give N2F*AsFg~) and similar reacticns are
readily entered into by the halogen fluorides, some of the sulfur fluorides and
OpFp, this type reaction could not be effected with s number of other N-F or
likely C-F compounds. Thus, the attempted (355) reaction with NFpNO led to degra-
dation:

-65°

vz O -a0°
1637 to -90 » red intermed. ——— wh. solid, mostly NOAsFg

NFoNO  + Ang

NFpNO + AsFg —=113” £0 =90° o purpie mixt. =78° 5 red & wh. mixt. 257 NoAsF,
15 atm., 7 hr. 1wk,

Arsenic pentafluoride acted as a fluorinating agent toward ClLoNF (356),

CLoNF + AsFg —> CINF, + AsFz (no Cl,N* AsFg™)
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TABLE XIV

REACTIONS OF DICHLOROFLUORAMINE

Reactions and Results

[}
88 5 CINFp + NoFp (no NeRsCl)

25°
CL + NoFg wtiey
2iF e'4 metal

CloNF + NoFp Rk Np, NoFp, NFs, Clp, NOF

CLNF + No 222805 cawp + Npo + NOF

CloNF + HNFp —1{—2-50—4-> ClNFsNpFy, HCL, Hp0, SiFy

25°, 15 min, .

ClLpNF + HNF, =780 35 min. S1F,, NpFy?

Pyrex Pyrex
] e
CLLNF + HNF, 25 g.;hr. > NR —10-80°, 30 min._; NpFy, Sis-NoFp,

trace NOCL

70-80°, quench
metal flow system

CloNF + HNFg > cis-and trans-NyFp, CLNF,, NOCL
(some NoF4, SiFy, NOp)

CLNF + Fp/CsF =205 CINF,, NFs, NoFp (no C1FsINF)

ClpNF + AsFg ———3 CLNFp + AsFs

" - 25°
ClpNF + SbFs > Ng, Cla
-78°
ClpNF + BClg —~—=—» Np, Clp, BFz
-78° $o =
CloNF + BFy ——== HClp*BF,"?

25°

CloNBF4 + HNFp ———» CINFp, Clp, BFs, HF
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' TABLE XV
MISCELLANEQUS N-O-F REACTIONS
Resctants Conditions ‘ Result Raference
NOF + CsF 25-300°, 1400-3140 psi NOp3 (no NFR0™) 76
S NOGF + CsF S hr, each at -78° & -45° No rxn. 76
‘ 6 days at 25° E
‘ NOF + Fp/CsF  -78%, -45°, 25°, 150° ¥o rxn. in 1 hr. each 76 ;
| ) NOF + CsF 25°, 3 hr. or -78%, 16 hr. No rxn. 77 ‘
NOF + CsF + F,  «78°, 2 hr, or 25°, 3 hr.  Some NO;F 77
NOF + NpFy + CsF 200°, 8000 psi, 48 hr. NFy, NOF, NO, N¥sO, 79
solid containing Cs,
F,N (+07)
NOoF + CsF -65° No rxn. 77
NOp + CsF 25° Some sbs.; solid stable p
at 200°
Solid above + Fp 200°, 250 psi, 2 hr. NOF o 77
Excess NOp + CsF 200°, 4700 psi, 18 hr. 1 mole NOp abs/mole CsF 77
Solid sbove + Fp 200°, 7100 psi, 4 hr. NFz0, NOoF 7
Noo + CsF + Fp 25°, 3600 psi, 5 hr. Some NOpF, (no NFz0) 77
NOoF + CsF -78° Solid containing K,F 121
NOp + (CFz0)p0 70°, 16 hr. (CP50)a, CFo0, NOp | 79
NOF + PtF 2s° Fp, NFz0, No* salt 19
NOF + IrFg 25° NFz0 79
NpO + CsF 25-400°, 10,000 psi max.  No rxn. | . 76,78
N,0 + F2 + CsF 200-400°, 9500 psi max., Some NI, NFzO two runs :78 ]
15 hr. exploded f
NpO + PtFg 25° No rxn. 28 |
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Reactants
NzO + IrFq
NO + 8F,
NOy + OpFp
NO + OFp
NOs + ClFz
NaglpOp + Fp
NOz™, NOp™ or
NyOp= + Fp,
OFp or ClFz
CsNOz + Fa

NOp + CsF

NoO + CsPF

NOF + CsPF

NOzF + CsF

NOE + ASFS

ClONCz + MeyNBrCl,

AgNO3 + Me,NIC1,

(CFz)oNO + Fp

(CF5)aNO + NO,

(CT'3)2N0 + NpFy

i mrantma, ap =
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TABLE XV (Continued)

* Conditions Result
25° No rxn. '
25 or 1e5° No rxn.
~130° NOpF

NOpF, NOF

liq. . No evidence of ions
CCly NaF, no NFO anion
-110° to 350° No NFO anion

0.5 to 1200 atm.

-40°, 25° CsF at 25° only

25, 100, 200°; 10-72 hr. CsNOz (no N-F)
each

300°, 24 hr.; 100°, 4 hr. No rxn.

150°, 30 atm., 12 hr. No rxn.

25°, 20 atm., 72 hr.
80°, 1,200 atm., 1 wk.

25°, 20 atm., 72 hr.
150°, 30 atm., 12 hr. No rxn.
25°, 825 atm., 1 wk.

NOxAsFg, NOAsFg (not
NOy-AsFg as in Lit.)

Me4NBr (NO3 )2
Me4NI(N03 ) 4
(CFs)QNOF
o (CF3 )oNONOR ,
(CF5 ),NONO,
(CF5 ), NOONO?

(CF3 )2NONF2
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Reference

79

259

266

28¢

301
335,333

335
335
335
335

335

335
354

437
436
5324

5324

5324
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TABLE XV (Concluded)
Reactants Condltions Result Réference
NOpOF + NoFy elec. disch., -40° NFs, NOp, SiFs 532e.
NFz or NpFg + flame No $NF observed 537

Hy or C8p

The reaction of ClyNF with BFy reversibly formed a 1:1 complex at -78°
which contained the BFy" according to infrared analysis (18). Neither AsFg nor BFz
reacted with CFzOF (356), but decomposition occurred with BFz and either N,N,N'-
trifluoropentoxyformemidine or 1,2-bis(difluoramino)eyclohexane.

The attempted fluoride sbstraction reaction on (NFp )xCF to give
(NFy )sC*SbFg™ led only to degradation (17):

25° 50°
(NF2 )3CF + SbF5 r=—> No rxn. gm=——> (NFp)oCFp + t-MpF2 + Np + NFz + CFy

At 35°, reaction was incomplete after 17 hr, but the gaseous products were the same.
The unidentified solld product melted at 75 - 80°.
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CHAPTER VII

INORGANIC HALOGEN FLUORIDES AND DERIVATIVES

VII-A. Chlorine Pentafluoride

Several publications on the preparation and properties of chlorine penta-
fluoride have appeared in the literature since the previous review (284a). Included
are publications on the fluorinetion of ClFy under ultraviolet radiation (1L119) and by
platinum hexafluoride (L120), on the thermal equilibrium of ClFy, Fp, ClFg (107) end
e paper (L125) from the Rocketdyne lLeboratories on the preparation and properties of
ClFg. Rocketdyne has issued recently a Chlorine Pentafluoride Handbook (415) as well
as an Interhalogen Handbook (415a) which is primerily a compilation of engineering
properties, handling characteristics and design criteria for ClFg and ClFz, plus
selected data on other interhalogens., The electrochemical preparation of ClFs has
been studied (417) and an eveluation made for the use of this method in a large scale
(0.1 - 1 million 1b/yr) manufacturing process (409, 410). Chlorine pentafluoride bas
been made availaeble commercially in laboratory quentities by Allied Chemical Corpora-
tion (Industriel Chemicals Division)., The publication from Rocketdyne (1125) gives
the 19F NMR chemical shifts as -412 @ (apical fluorine) and -247 @ (basal fluorines).
These values were previously reported (284a) as -428 and -258 ¢. The mess spectra of
ClFs and BrFgz have been rechecked (66b) and the following intensities observed:

ClF4*, 1005 C1Fy*, 100; C1FF, 30; C1Fs*, 23; ClFs*, ~ 0
BrF,", 100; BrFp*, 30; BrF', 30; BrFs*, 25; BrFs*, 0.8

A purification procedure reported (75) to give 99+% pure ClF; consists of
adding excess BFy to trap ClGF (in the form, ClOQBFé) at -=111°, followed by fraction-
ation through traps at -130° (which retains ClFs) and -196°,

Among the most interesting reactions involving ClFs to be reported is that
from the Olin Mathieson Leboratories (275a) to give Cs*ClFG‘. The reaction was ob-
served from 25° to 100° in 100 to 300 hr., in the ebsence of metal, with the best re-
sults as shown below:

CSF + ClFg 222 300 T, ggc1p, + CsOLF, + CsF (36%:35%:30%)
Teflon system

The reaction with RbF at 70° was reported to give 28% yield of ClFg~ while
that with KF gave only a 6% yield. The identification was based entirely on elemental
analyses of the mixtures, plus the observation that ClF5 and ClFz were evolved and CsF
remained upon pyrolysis at 200°. The actual existence of the ClFg~ ion would be most
interesting since 1t would be a pseudoheptacoordinste structure which is without
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prevedence in the second row elements. The CHF2+ lon would be 1scelectronic with the
known stable XeF, moleuule, and the presence of the salt Csﬁb*ch4‘ as an alternate
posgibllity for Cs*ClFs‘ has been suggested (276b), Spactral data are obviously needed.

The reactlon chemistry of ClFs has been pursued vigorously, as illustrated
by the results sumarized in Table XVI,

Evaluations of the properties of ClF. as an advanced propellant ingredient
have included: Rocketdyne's physicochemical characterization studies (387, 388)
(compatibility with metals and metalloids, properties of homogeneous liquid mixtures
among the components Cl¥g, ClFs, ClOgF, CF(NFp)gz, C(NOp)y, NFzO and NpFy); properties
determination and theoretical performance calculations with ClFg and NpFy4, C(NFé)4 or
C(NOp)q (392 - 394); and engineering properties studies of CiFs, ClFg, NpOy &nd
various fuels (396, 397). Aerojet General has also studied the physical properties,
stabllity end storebility of ClF5-NpFy liguid mixbtures and the gelling of ClFg with
~ 10 wt.% Ba(Sng)E (44), the passivation with ClFg and its behavior with selected
fuels (51 - 53), including test firings with mixed hydrazines (56, 32) and the
heat transfer characteristics of C1lF; (44a). Reaction Motors has studied the vis-
- cosity, heat capacity and thermal stebility of ClFs (359), properties of mixtures of
ClF5 with NyF, (360 - 363), properties of dispersions of B,C in ClFg (364),
theoretical calculation of ClFgz and ClFz with boron slurries (367), motor firings
with ClFg and Borol 502 (368) and other studies with fuels (369).

VII-B. ClF5 - Lewis Acld Complexes

The nature of the reacticn products of ClFg with the Lewis acids AsFs and
SbFs hag been the subject of considerable research. As reported in the previous re-
view (284a) the Cl¥5‘AsFg product is a solid with a high dissociation pressure
(150 mm. at 0°) and the (1F5-SbFg product was a low melting (34 - 36°) solid with a
low dissociation pressure (apparently nonvolastile at 100°) which gave evidence of
being ionie, i.e., ClF4+SbF6'. The previously inconclusive NMR and IR studies on both
complexes have been pursued.

In studies at Allied Chemicsal, the ClF5*AsFg complex* was insoluble in SFg,
gave a very weak NMR resonance at ¢ = 271 ppm in AsFg and & red solution in BrFs which
faded to pale yellow over several hours (76). One NMR sample in Brfs at -60 to -80°
showed & weak doublet at ¢ = -265 ppm (which tended to sharpen at lower temperature)
plus a broadened BrFg signal. A second sample showed only BrF5 as a pentet at -271
ppn and a doublet at -132 ppm. Some ClosF and BFz were observed in the gas phase.
Neither pure ClFs nor AsFg had absorptions in the -265 ppm region, while Br¥s~AsFg
mixture showed only a broad signal at -107 ppm. In further studies (77) the BrFg
spectrum is reported as a doublet at -271 and a triplet at -132 ppm. When ClFs5, BrFs
and. AsFs were combined and equilibrated at -45° a doublet at -265 ppm was also ob-
gerved and tentatively assigned to ClF4+. (The relative rates of formation of
ClFs5-AsFg %pd BrFg+AsFg would appear to be an important consideration here.)

¥ Efforts to get an elémental analysis on ClFg*AsF5 were unsatisfactory (78).
77
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TABLE XVI

REACTIONS OF OlFg

Reactants Conditions Results Reference
KIOg no new products 5
1505 no new products 75
TIpOg/HF -78° C10zF, ClOpF, IFs 77
Hp O HF -78° CLOgF, CLOF, C10 o o
Cs¥ -30°, 12 hr, no rxn. : | 77 . i
~ CsF -78°, 35 hr. ne rxn. ‘ ! 71 | §
110104 -78° 4% Clp07, trace unident. 76,77 |
mat.? ‘
i
KSOgF - e5° no rxn. : 80 :
KSOzF 140-170° SFp0p, Op, KC1F4 or KUlFp ed |
§10p/CsF 25°, 16 hr. SiFy, Op, unident. solid 80
PF50 -111° to -78° some ClO.F, ClOgF 80
PFz0 -78° to -30° some PFg, unident. wh. solid 80

which gave 01F5 end FFz0
(5 mm. at 25°)

505 -23°, 4 nr. some S,05Fp, SFR0 - 80
S0z 23°, 1 hr. ClOpF, ClO3F, SpOsFps SFp0p 80
HSOzF | slow reaction 79
O 3-4 x 104 psi, 300-400° no leso or ClF, 117
OFp 3-4 x 10% psi, 300-400° no ClF50 or CLF, 117
Fp 3-4 x 104 psi, 300-400° no ClFy 117
Fp (9.3X) 43,800 psi, 440°, mass spec. peaks in 147~ _ 119
48 hr. 150 rangs
78 .
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TASBLE XVI (Continued)

Reactants Conditions Results Reference
Fy Y, 25,000 psi, 25°,110 hr. no ClFy 119
o) 120 to 420°, 44 - ClFs, ClFy, Clg, CloglF, MF, 77
108 hr. ete., unident, prod,
0, elec, disch. (static complex mixture, unident. prod. 77
and flow)
OFp elec, disch., -196° complex mixture, unident. prod. 77
(ClFS (s))
OpFp complex ﬁixture, unident. prod. 77
~ NOF -78° ~J:1 complex stable <-20° 301,337
NOF -108° no evidence of interaction by 420a
MR
NOF/CsF <-20°; preformed no CsClFg 301
NOF- C1F5
NOoF -78° liquid complex stable <=-35° 342
NOF -60° to -80° no evidence of interaction 4208,
by NMR
C1FpAsFg ~25° no rxn. ‘ 301
KNOz 25° no rxn. 301
CsNOz NOpF, ClOpF 301
KC10,4 ClF, KF 301
KC103 ' some ClOpF 301
SbFs/HF } 1:1 adduct immediately 301
HpOp "4 violent rxn. 301
1205 IFs5, IF7, Cl0zF, ClOp, Op 301
(sudden rxn. after ~5 min.
delay)
79




Reactants
QAuFy

Da.{3bFg )2
Ba{Birg)s
Ze.(SbFg e

02 .

NFsy

OF,
NiFp+4Hy0
10/,
5% O3 in 0y
Nap0a
EE_E"‘NeFa
Clp |
C_l\Oé
Graphite
NO

co

Hy0 or metal
hydrates

oy
P05
503
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TABLE XVI

Cunditions

10 wt. %

elec, disch., 1.0 mn.,
=40 to -10°

325°, 2125 psig, 20 hr.
300°, 2950 psig

200°

110°

-78%, CFpCly

150°

=78 to 150°

'@5°

25°

25°

e5°

(Continued)
Resulta

CLFpAcFg?

no gel tormation

no gel formstlon

- gel

CFx, ClOs¥, ClOgF, (1Cp,
o ‘

some ClFy and Fp

dec. of OF,

C16,F, Cl0zF, HF
CLOoF, Clp

C10sF, Cl0pF, ClFs
NeF, Op, ClFsz, C1F, Cl,
v. sl. dec.

no rxn.

no rin,

10 wt. % C1F5 absorbed
NOF + Cl,

CFp0, C1FCO

Cl0pF or CLO,F, Clo,

C10pF, Cl0s, NOpF, NOF
FF30, Ops Clp

SFa%» Clp, Op

80
CONFIDENTIAL

Reference

501

301

301

44

338

339

339

339

339

339

341

342

387

387

387

387

387

387

387

387

387

W

. v g e

W
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TABLE XVI (Continued)

. Reactants Conditions Results Reference !
Misc. HFy Op, Cl-0-F mixtures 387 §
hydroxides §
KC10% 25° Cl0p¥F, Cl0sF, Cl0p, Op, 387 !
KC1Fy
i’ KC10g4 25° or 150° no rxn, 287,420a
K104 HF, 25° KiFp, ClOp, FClOp, FC1O3 420a ‘
, NaNOp 25° NOoF, NOF, NOp, C10pF, Clg, 387 ‘;
. , NeF , |
I H
h ) :
, NaNog 25° NO,F, Cl0,F, NaF 387 | i
' ‘ !
NaNog HF, 25° NOoF, Cl0,, Cl0pF, CLO3F 4208 .
. Nep SOz 25° no rxn. 387
i h
; . N30z 150° SFpl2, SFg, €102, Cla, Oz, 587
NeF
. NagSp03 = 25° no rxn. 387
NapSp03 150° same as with S0z~ 387 ]
CsF or KF 25° or 150° no rxn. 387 ?
' FFs 0° no rxn, 387
» EFs -112° ro rxn. 587
| : . ]
5 (CF3)pC0 2s5° fluorination 387 :
§ ) (CF300)p0 25° fluorination : 387
co1, - 25° Cly, CFCls 387
f CHC1z 25° CHFClp, CFaCl, CF4, Clp, 387 .
CFC13 ?
|
] XeFy 25° solubility 5.5 g/100 g 393 |
i C1Fg : |
‘ XeFp low solubility 394
81 |
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Reactants
Hgo

KBrOs
HNFp
20sF+C150

I0F
IxCs
Po(N03 )

Po (103 )2
NFz, Fa
SbFs, Fo
Ar, Oz
F2

ClFg

C1Fg

ClFs

ClFg

ClFs

C1Fg

CsF
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TABLE XVI (Concluded)

Conditions

0% Y (g)

-80°

OQ

-30° to 25°; fast

-50°, excess CiFs, slow
100°, 3000 psi, 65 hr.
A, press.

h v, 4°K

Y, -186°

elec. disch., -80°

h v () -190°

hv, -190°, CF,, CoFg,
SFe

hv, -190°, CF4/CF013 liq.

hv, -190°, NFy 1iq,

elec. disch., flow-system

25°, 300 hr. in Teflon
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Resulta
CleF
no BrFz0
C1NFp, NpFq, NPz
CsClFp, CLF, ClOpF

ClOpF, some Cl0zF; no
ClFgz0

CLOpF, some ClOp; no
ClFz0

02, NOpF, Cl0pF, ClFz, trace

NOp0C10p ?
NO2F, ClOpF, PbrFo
trace NF¢ClFg ?
complex product
trace ClF50 ?
no new products

dec. of some ClOoF, ClosF,
no (C1Fy)o

no EPFR evidence of ClFy-

no EPR evidence of ClFy°

no EPR evidence of ClF4'
or ClFé-

no EFR evidence of QiF4-
or ché-

see only ¥+ in ERR

CsClFg in mixture with
CsClFy, CsF

Reference

420s
4208,
4208
423

426
426
426

426
487
487
532s

532a

420s,
77

77
77,78
78

78

2758,

pers
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With more dilute samples (50 mole % BrFs), a broad pesk at -80 ppm and & peak at -226
Ppm were observed, In a l:1:1 sample a broad pesk at -100 ppm was observed in the
three component system, but normal spectra were obtained in a ClFs =- BrFy nixture at
-45°, A mixture of BrFg and AsFy gave a yellow solution at firsgt, but this turned red
on storage at -40°, The NMR of the latter was a broed peak at ~1068 ppm ané & small
unexplained peak at ~80 ppm. A second, more concentrated sample using less pure BrPg
showed only a -107 peak. No paramegnetic species were observed in the red solutions.
The combination of ClFs, BrFg and AsFg on the other hand gave & white solid at «40* and
only weak, poorly resoived NMR peaks were observed, The -265 ppm peak was therefors
tentatlvely assigned to ClF4+. The ClFg5°SbFg salt in SbFg gave only a -274 ppm peak
downfield plvs & broad peak above 100 ppm from the fluorines on antimony.

In further studies (78) of ClF5°AsFy in BrFg a very broad NMR pesk (-150 to
-87 ppm) was observed but these, as well as the previous results, were considered in-
conclusive because of HF impurities in the solvent, l.e., the HF promotes fluorine ex-
change with dissolved salt although it does not with BrFg alome. Thus ~L M ClFg'AsFg
in HF gave only one broad peak: +170 ppm at -30° or +188 ppm at -80°, On the other
hand when excess C1lFy was dissolved in excess SbFs, the resulting solution at 45°
showed an MR peak at -274 ppm. At 25° some solid precipitated and this peak was
broadened, whlle at 0° or -60° only the Sb-F peak at +109 was observed. The ClFg-SbFg
was not soluble in BrFg (79). However, when ClFg was added to a solution of SbFy in
BrFs, a white solid which formed initlally redissolved on standing at 25°, The ClFg
was observed (MMR examination of six samples) when the ClFs/SbFS ratio was 4:1, but
not when it was 2:1. With & 1:1 ratio (at -35°) the BrFg resonances were averaged at
-154 ¢ and the SbFy at +121 ¢, but with & 2:1 ratio (at -40°) the BrFg peak was un-
resolved at ~167 ¢ in one sample but partially resolved at 276 and -138 ¢ in another.
No evidence for BrF4+ was observed in the BrFg - SbFg system: at -40° only partially
resolved BrFs was observed while at 25° the BrFg average was at 167 and the SbF
specles averaged at +109 ppm.

Efforts at Monsanto (301) to get the infrared spectrum of ClF5-SbFy product
(formed by repid reaction in HF) in KBr or KCl pellets, or Kel.F mulls gave incon-
clusive results because of the reactivity, but some differences from the spectrum of
ClF,8bFg were detected.

A lengthy research ef'fort has been performed at Rocketdyne on the IR and NMR
of ClFs°AsTg complex.

The 1:1 complex was formed at -80°, then warmed to 25° before being con-
densed at ~196° onto a AgCl window of the IR cell (385). (This method raises the
question of whether the complex reformed normally upon condensing.) The spectra of the
complex and of solid ClFg and AsFs were taken at -196° (the ClFg showed an anomalous
strong band at 686 cm-l which was attributed to C1F,~ or ClFp~). The spectrum of the
conplex was relatively simple, suggesting Cy, symmetry. A band at 817 em~1 was at-
tributed to the U1-F stretch and a band at 743 cm™1 to the As-F stretch. The latter
is abnormally high for AsFg™ and was therefore taken to indicate a fluorine bridged
structure, F4Cl-F...AsF5. (Bending vibrations were at 586 and 514 em=l in the com-

plex.) From correlations of the Hammet o constants for a number of fluoro salts and
the apparent shift of the AsFg~ band an estimate of 20% ionic character was made for
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ClF5AsFs ‘(_386). The ctloulated elogtronegu.tivitiu of some of the fluoro apecles
were: NF, 2.05; NFgO » @.25; C1F, , 2.2; AsF5, 5.2, (On thiz scale the 0p* lon was
1.76.) Although ClF," and NF ot have about the same electronegativity, the latter
was Judged to glve a more ionic salt with AsFg~, because it does not have available
orbitals to enter into fluorine bridging as the CLF* does.

MR studles also gave evidence for the covalent and lonic forms
FgAS e— CLF,*AsFg™ and FsAS ¢ ClFg~F-AsF5 in addition to the 1:1 complex, but
no evidence for the free 01F4"' ion (402). These studies included solid samples at
-80° and 25°, solutions in BrFy (changes with aging in these solutions were attributed
to precipitation of the more ionic forms) and the gases. No reference standards were
used unfortunately.

A few reactions have been attempted with the ClF4SbFg salt or the ClFs5+AsTs
complex as sumerized in Table XVII.

TABLE XVII

REACTIONS OF ClFg - LEWIS ACID COMPLEXES

Additional reactions of ClFg-Lewis acid complexes which have been attempted include:

CLF4SbPg + NPy 2905 NPs, C1Fs solid with SbFs:ClFs > 1 339
CLF,SbFg + OFp "‘°°°’lg°gr1"s-"5.> some 0p, Fy, ClFg 339
CLFSbTy + Nag0y —ot2 2507 5 (1 0.p, CLOLF, CLFs, CLFg, 3
Ops NaShEg
ClF5-AsFs + HpC(s) -o—o—;» C1lF5, AsFz0, HF 420a,
ClFg-AsFe + IOz —2—> NOAsFg(?), NOpAsFg, Clp 4208
ClF5-AsFg + KNOg 255 C1F5, K'AsFgNoz™(?) 4200
(1F5-AsFs + KNos/HF 25" 5 KiFp, NOpAsFg, ClOp, ClOpF, CLOsF 4208
C1F5'AsFg + (CF3C0)p0 25 exploded 420a
84
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VII-C. Chlorine [rifluoriie and Derivatives

The chemistry of ClFs has nol. besn extended appreciably since the previous
review (284a)., A publication by Christe and Pavliath (I1112) gives evidence that the
ClFz-AsF5 reaction oroduct is ClFp*AsFg™, dut infrared assigmments in this paper have
been retracted by Christe and Sawodny (I115) who chserved new bands in ClFpAsFg and
ClFpBFy at -196°, The melting point of ClFpStFg has been established as 225 - 228°
(342). Christe, Sawodny and Guertin have concluded from analysis of vibrationsl
spectra (L115) that the C1F,~ ion (1109, IN10) is linesr. A peper by Christe and
Guertin on spectra of salts of the ClF4‘ ion has also appeared (L1ll).

Electrical conductivity meusurements on a solution containing CIFS’ BrI'y and
BFy show (138) that it 1s an excellent conductor (7.6 x 10-3 ohm™l am~1) at -60°." on
the other hand, combination of ClFy with BrFs and AsFg gave & white sparingly soluble
salt at -40° (77). Conduetivity date on the ClF5-KNOs system were inconclusive, re-~
garding the presence of ions, but no evidence for ions was observed with the CLF3-NpOg
system (301)., Conductivity measurements on the systems ClFs-IFS or ClFx-ClOzF did not
give evidence of any ions while the system ClFs-ClOzF-CsF appeared to have the ions (337)
CIFQ*CsEb- thought to be present in ClFz-CsF mixture. The conductivity of BrFy was
not changed significantly by the addltion of ClFs (337). The mixture ClFz+2BrF5-BrFs
was successfully gelled with Ba(SbFg), (302) in studies of potential incendiary agents.

A number of reactions of ClF3 which have been studied are summarized in
Table XVIII.

The results of a number of recent studies of the reactions of the ClFz
derivatives, the Clﬂg+ and ClF4~ lons are summarized in Table XJX.

VII-D. Chlorine Trifluoride Oxide and Related Compounds

The numerous efforts to prepare higher chlorine fluoride oxides (i.e., in
addition to the well known ClOszF and ClCéF) have lead to the discovery at Rocketdyne
of chlorine trifluoride oxide, C1F40, (also ecalled oxychlorinetrifluoride and given
the code name, Florox)., Efforts to obtain ClFz0y or C1F50 have not been successful,
but evidence has been obtained for an unstable FCLO.

Discovery and properties: Chlorine trifluoride oxide was first detected in
early 1965 (420) as an unidentified product of the fluorination of Cly0 over CsF at
-80°, The ClF,C was evclved in low yields upon werming the residual solid. Positive
identification of ClFz0 soon followed (420a), the boiling point and melting points
firzed at 30 $5°C and -68 1 3°0, respectively, and the structure suggested to be Cs
symmetry on the basis of the infrared spectrum (absorption bands at 1220, 680, 490,
320 and 280 cm'l). The 19 MR spectrum was a single broad resonance at ¢ = =279 ppm
with either neat liquid or in CFClz or Cl2 solutions at -£8°,
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Reactants

OFp/KF
(CP30)p0
OFy
KSOsT
KSOzF
CsSOxF
C1ONOz
OF,

OFg

OFy

0.
Ox

NO3™, NOp”
or NpOp™

CsNOx
OF2/CsC1Fy

OFp

02

OFp
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TABLE XVIII

REACTIONS OF ClFg

Conditions
25°, 48 hr,, shaking
25°
140 « 170°
25°, 48 hr,
-78°
70°, 16 hr.
150°, 5500 psi, 18 hr.
100 - 400°, static or flow

elec. disch., -15° or -78°

elec, disch., -196°

~150°

-110 to 350°
0.5 to 1200 atm.

25°

200 - 300°, 680 atm.

elec, disch., 25°

Resulta
KC1Fy formed
NR
S8Fp0p, Op, KCO1Fp
small amounts, SFp0p, ClOpF
Clp, Cl0pF (no ClLONF2)
(CFz0)as Op, unchanged ClFs
some Cl0F
G10pF, ClOsF, Cl0p

CiF, ClogF, ClosF, ClOg,
impurities

as above plus some ClFg,
0201F5't

Cl0yF, ClOsF, Cl0p
inconclusive

no NFO anions in product

CsClF4 + CsF

ClFg, ClOpF, Cl0sF, Op, Fp
Clry

ClF5, Cl0p, C10sF, CLOoF,

impurlties + unident. mat.
ebs. 6.2

280°, 1350 psig some ClFs, Op
-78° ClOsF, ClOF
86
CONFIDENTIAL

T o ——

Reference

79
80
80
80
lg2
79
80
346

346

346

544
330

333

333
336

336

339,341
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TABLE XVIII (Concluded)

Reactantas Conditions Results Referance

O3 (5% in 0p) CFaClp, -78° small amounts ClOsF, ClOpF 340

Oy (5% in 0p) -78° as above plus ClOp ‘ 340

BiFs,Fp 250°, 1000 psi ClFg*BiFg™? 276a

Ox attacked Kel-F IR cell rxn. 4202

vessel

HNFy fast rxn. on warming ClNFp + NpFy + HF 420e,

HNFp+BF'z -80°, slow ClNFg, etc. 42038,

CSC1F40 .' CsClFg + ClFs0 424

KC10g 25°, 16 hr. C10pF + CL0p 420 |
Ha0 -18° to +28° trace ClF0% HF, ClOp 425 '
C120 -50°, NaF CLOpF + C1F (C1FO intermed.?) 423 '
NPz + Fp 100°, 3000 psi, 65 hr. NFg*ClFg™ ? 487 |

small smounts
Fp + BFy C1F,BF, 593a
O elec., disch., -196° ClOp? 537
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TABLE XIX

REACTIONS OF ClFp* and ClFy" SALTS

References

CLF,SbFg + OFp 2oo°;°a:o PSiE 5 scme ClFg, Op and Clp 539
r'

ClFoSbFg + NagOp —i25- 35 MR —250° 5 sudden reaction
24 hr, 30 min. to ClFg, CLF

CLOoF, Op,
NaSbFg

~78° /C1Ty
ClFpShFg + 03 ——————=p small amounts ClO3F, CLO2F from C1F3
CsClFy + HF ————> CsHFp + ClFs
50°, 750 psi

MC1F, + HpO -> C(l0p, Clp (no MC1lFpO or FCLO)

(-]
C8ClFy + Neg0p -223 CsF, NeF, Op, Clp

(-]
CSC1Fy + NPy —5‘?'—0%;—> no rxn.

o 200-300° -
8C1Fy + OFp —gpe—sze————> Op, Fp, CL0pF, CLOF, CLFs, CspNiFg

CsC1F, + OpAsFg ——> CsAsFg + Op, Clp

RbClFy + OpAsFg > inconclusive

CFClg
NOCLF, + OpAsFg ——=—3 NOAsFg, ClFs, NOF

ClF4~ + NFpO" ——3 no NF0C1Fy

-80°

HYFp + R0C1F, ——

> CNFp, NpFy, HF, ete. © 4208

More recently, Rocketdyne scientists (434a) have resolved the NMR spectrum of gaseous
ClFz0 into two peaks at -300 and -262 p in a 1:2 intensity ratio,* but the best

* A recent Rocketdyne report (426) gives the gaseous resonances at -317 and -276 #.
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samples of liquid C1lFs0 still showed the collepsed singlet at -276 ¢. (HF catalysis
of the fluorine exchange was considered the cause.) .

Allied Chemical (81) has since prepared a purified sample of ClFsz0 and
found a melting point of -44° and a boiling point of 30,1°, AHf of =7.08 kcal/mole,
entropy of 23.3 e.u., and vapor pressure in the range =23 to +19° described by the
equation log Pyy = 7.965-1543/T. Rocketdyne had previously (421) derived the equa-
tlon: log Ryp = 8.433-1680/T. The melting point was found at Allied to be quite
sensitive to small amounts of ClOpF, accounting for the much higher value than previe
ously observed, Most recently, Rocketdyne workers have reported (428,276c) that the
true melting point is -37.2 f0.5°C, and the denslty 1s 1,863 g/cm5 at 20°, compared Lo
the more derse value reported (421) previously of 1.90 at 25.5°. The Allied group
also reported a more detailed infrared spectrum &s follows: 1229-1225-1219 (PQR) m;
684, 675, 666 (sh.) all v.s.; 502-490-483 (PQR) m; and 311 and 281 v.w. cm"t, The
spectrum indicated, but did not prove that the structure was of Cg symmetry (a trig-
onal bilpyramid derivetive) with two apilcal fluorines and one fluorine and the oxygen
in the equatorial plane. The mass spectrum of ClFz0 is (425) ay follows:

C1FO* > C1F,0* > 1% > F+ > 01F > clot > o',

Rocketdyne reports that ClFz0 is stable at 284° (421), but reacts with
stainless steel to the extent that pyrolysis is an analytical method:
ClFz0+S.S. & 3 Clp + Oy + MFg. The C1Fz0 decomposes sbove 300° to C1F and CLOpF !
(423).

The ClFso can be purified by pumping off ClOpF, CLOzF, ClF and some of
tne ClF3z at -95°, and the remainder of the ClFz can be removed at -80° with & small
loss of ClFz0 (423). Others have reported (80) that ClOoF and C1Fz0 could not be com-
pletely separated at -78° and -95°, nor by formation of the KF or CsF complexes at
-78°, followed by removal of volatiles at S0° and redissociation of the complexes at
170°, i.e., C1Fz0, ClOpF and ClOzF were recovered. Alternetively, CsF can (423) be
reacted with the ClFz - C1Fz0 mixture. The CsC1lF,0 redlssociates at 150° while the
CsClFy remains nonvolatile ?422). The chromatographic purification of ClFzO using a
halocarbon column has also been described (429).

Synthesis studies: In the early studies at Rocketdyne (420} the reaction
of Fp with Clp0 at 125° had merely given ClFz and Cl0pF.* Thus, the nature of the CsF
complex (a colorless solid at 0° which dissociates to Cly0 &t 25° (4208)) was considered
to be very important and a search was made for modifications or another Cl-0 reactant
which would give greater efficiency or safety in handling. The Clp0 (best prepared
(421) by the reaction of Clp with HgO) is a serious explosion hazard for scale-up ¥
studies, In mid-1965, Rocketdyne reported (421) that ClFs0 could also be made by
fluorination of the Cs¥F complex of ClONOp. However, the best method then known for
making CLONO, was the reaction of Cly0 with NpOy (424).

* Efforts to fluorinate ClpO with F, in CCly solution at Allied Chemical (19€0) 0)
and with OFy and ultraviolet light at Imperial Chemical (1.961) had also been un-
successful.
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Ceaium fluoride was found (421) to absorb CiFs0 at 25° 4o give the 1:l
salt CS"'C:LF 0" (422), although this salt redissocisted on heating (4@1) to 160° (423),
While fluorins.tion of the Cal complex of c:,,_,o,* l.e,y 2 CsF°3 Clp0 (428), glves mostly
free C1Fg0, fluorination of the CaF complex of CLONOy ylelds CsClF,0 (346b).

The KF complex of Cly0 gave (422) up to 44% yields of ClFx0 and the
work-up was easier since the KC1F,0 dissociated appreciably at room temperature.
Some ClFs0 was also formed in the :fluorination of ClpO plus NaF (4@3) and HgClp+Clg0
(38%), the latter being generated in gitu from HgO and Cly and thus eliminating the
need for handling Clp0. In early 1968, ’ “the direct reaction of ClpQ with Fp was found
(423,348b) to glve ClFs0 according to the equation: Clp0 + 2Fy =182, C1Fs0 + CIF.

Allied Cnemicel independently discovered (80) that reaction of Cly0 and
Fp for three doys at ~78° was preferable®* to the use of the CsF complex. This resc-
tion wao first discovered at Picatinny Arsenal in 1964 (346), but the product was not
positively identified. On the other hand, wcrkers at Pennsalt Chemical observed (342)
the formation of ClFgO in the reaction of C1 0 with Fp at 155° or with OFa at 130°,

By late 1966,Rocketdyne had prepared 1 lb, of ClI‘SO by the batch fluori-
nation of Cl,0:

Clp0 + ¥y =897, 5 days ; cnw,ao% yield
Nap =

Rocketdyne also found that the direct fluerination of CLONOp at -78° gave up to 80%
yield of C1¥40 (423). The development of en alternate route (405,1178) to CLONGy to-
gether with its more favorable handling properties mey meke thils the method of choice.
This route (429) consists of the reactions: ‘

¥
CLF + HNOz or Po(N0g)p ———> CLONOp —gas—> ClF50

e-3 days

¥ The CsF-C1ONO, complex completeiy dissociates at -78° upon prolonged vacuum pump-
ing as also does the RbF-Clp0 complex, but the CsF'1.5C1lp0 does noi (426). Clp0
also forms a complex with BFy which is unstable at room temperature (123). The
complex formed betwean Cly0 and AsFg. reported in the literature to be ClpOAsFy
at -80° and ClOAsFg above -50°, has been shcwn (425,424) to be ClOr*Ast + The
infzarﬂa spectrum showed Cl0p* at 1283 db. and 1040 w. eni the AsFg™ at 690
em” -,

¥ At 0°, however, only ClOpF and ClOzF were obtained.
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Rocketdyne workers have repnrted (346b) the possible detection of N1FO
ad an unstable by-product while working up mixtures contalning ClFso. The low tem-
perature infrared spectrum (-196°) showed bands at 1260, 1225 and 645-630-510 em~1
and a possible band at 490 cm~l deduced from an overtone at 930 em™l. The new species
was partially trapped at -142° or «160°, The same compound was apparently observed by
Lawless (276a) as & very volatile (partially trapped at -136°) glass-reactive product
from the reaction of OpFy with NaClOp at -160°, A tentative IR band at 1258 cm~l was
reported for the gas, but the possibility of C-F impurities from Kel-F grease was not
eliminated.

Reactions: In addition to its reaction as & strong oxidizer and its
reaction as a Lewls acid with fluoride ion to glve the C1lF 0" ion, ClFs0 also acts
as a fluoride donor toward strong lLewis acids to form ClFQO'* ions. The acid base be-
havior, then is analogous to that of the isoelectrbnic molecule SFy which
forms SF5- and SF3+ lons. The C1Fz0 - AsFg reaction product is nonvolatile at 50¢
(361) and can be assumed to have the ionic Structure GlFQO*AsFG" The C1F30 - BFyg
product, which forms more rapidly (20 min.,) at -80° than the analogous (:':LF3 or 0102F
products, * was reported to sublime slowly at 100° Ehxdgr vacuum (381) and to have a
dissociation pressure of 20 mm, at room temperature (424), The ClFz0 - FFg complex
has a slightly higher dissociation pressure than the BFz complex. A sample of
ClFs0+FFg was sublimed onto the window of a low tempersture infrared cell (424).
Bands attributed to Frg~ were observed and two other strong bands at 1315 cm=! and
1465 em~1 were suggestive of CJ.02+ (fr=m ClOpF impurities) and a ClF20+ lon respec-
tively, but assignments could not be made with certainty. (At this low temperature
the Cl=0 bands cf solid CLO,F and ClFz0 were observed at 1280 um~l and 1250 cm-1,
regpectively.) 3ilicon tetrafluoricde formed a complex 2ClF50.81iF; of high (340 mm.
at 25°) dissociation preassure s but the infrared spectrum of & sublimed semple showed
only the starting materials, From the vapcr pressure equation, log Pom = 775 =
1545/T, (-80 to +14°C) a heat of reaction of -2 keal/mole was calculated.

Complexes are also formed between C1Fz0 and NOLF (421) and NOF (424).
From the dissociation pressure of the NOF-CJ.FSO, log By = 8.47 - 1625/T (-80° to
0°C) (i.e., about 1 atm. at 25°), a heat of resction of =5 keal/mole was calculated.
A 19 wR study of this complex from -77° 4o 26° ghowed only & broad line 40 ppm
downfield from ClF,0, i.e., about .-316 }6 An infrared study showed only the starting
materials ‘at 25°, but at -196° the complex showed & broad band in the Cl-F region, a
Cl=0 stretch at 1230 cm~1 and a N=0 stretch at 2050 em=l, At this low temperature
ClF30 has C1-F and Cl=Q stretches at 685 and 1250 em~l, respectively and NOF has an
N=0 stretch at 1990 cm~l (compared to 1850 cm~l at 25°). No N-F utretch was ob-
served in either the complex or in NOF at -196°, (uormally 765 cm-i at 25°). The
structure of ihe NOF.ClFz0 complex is thus uncertain. The NMR data indicate flucrine
exchange between N and Cl, but very little contribution from C1F, 0" (424). 1In wact N
a tendency toward the formation of ClF20+NF20' is indicated, but the transfer may be

¥ Thus C1Fz0 1s a stronger fluoride donor than ClFz or ClOpF. This method can be
used as a basis of purification, the ClFz0 regenerated by displacement with
NaF.
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incomplete. The IR date probably indlcate the presence of bridged fluorine FpClO-
F-«=NFG and ON-F---ClFg( &8 well as the presence of fluorine bridging in solid NOF
alone, -

B A number of other studies of the reactlons of ClFa0 are sumarized in
Table XX.

TABLE XX

REACTIONS OF ClFs0

Reactants Reference

Conditions Results
Cl¥y no adduct 81
NFz0 ‘ no adduct 81

-78° or 25° NOpF + NOF 81
Cl0pF, NOCLOy or NO2CLO4 81
NOo as with NOF 81

-1968 to ~-20°

NaClOp Cl0p, NaF; one explosion 81

CTpo=lFp explosion 8l

NoFa -80 to +60° no rxn.

KrFo no ClFs0

Clp0

S02

BrFsz, BrFs

3ro

25%, 3 days

-80 to +45°

25°
-80° to 25°
25°

100°

130°, 65 hr.

71-200°

-196 to 25°

Cl0pF, some ClPF

ClOoxF, 8Fa0, some SFa02,
possibly some SF4(SO3F)2

no rxn., nmisc,

some ClOpF, Clp; no BrFsz
no rxn.

v. 8low rxn.

gsome NFzO, NOEF, NOF, C1F

ClOyF, ClFz at low temp.; Op,
C1lF at higher temp.

no rxn.

9
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Alternate synthesis approaches: A host of other synthesls routes to ClFSO
(and/or C1Fs0p or ClF50) have been attempted since the previous review (284a) and a
number of these have led to Clrz0. However, the successful methods have generally
given low yields or are not sulted to scale-up., A number of the successful methods

are summarized in Table XXT.
TABLE XXI

ALTERNATE ROUTES TO ClFBO

Clp0 + F, &lec. disch. . 454 c1Fg, some (1Fs, C1Fx0, ClOgF

aCl0p + Fp —=136_or “78° . mo.p, waF, Cly, Op, traces C1Fs0, CLFO (2)
exothermie

ClFs + OFp W*‘L., ClOpF, Clop*BF4~, SiFy, plus some ClOsF, (10p and

apparertly ClFzO and ClF,0BF,-.

CIF + OF, 1507 » ClF3, + 2% ClFz0 (CsF had no effect)
18 hr., 5500 psi
150° .
Clp + OFp > ClF3, CIF, ClOpF, traces CLFz0

18 hr., 5500 psi”

Clop¥ + C1Fgs —BY 3 C1Fs0
Cl0gF + ClF5 —BY¥3 C1Fz0

CLOpF + CIF, ClFg, OF, —2¥5 C1F50

Cl05F + BrFy Y 5 some C1F0
hv

10 6% C1L

CLCF —zss> 8 % C1F30
hv

ClozF —10> ClFz0

CLOpF + Py BY5 C1F0 + CIF

Clp0 + Fp 1557, im0

o
01,0 + Fp 2L5  c1750

5

9!
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Relerences

346D, 424

424

27€a

80

80

4268,
4268,

3468

346a

3468,

3468,
3464,

342

342




CONFIDENTIAL

A number of efforts to produce new Cl-F-0 compounds which gave negative or
ie XXII. Evidence has been obtained for an

inconeclusive results are summarized in Teb
unstable C1FO (346b), but C1Fg0 has not be

TABLE

en prepared.

XXIT

OTHER EFFORTS TO PRODUCE NEW Cl-F-0 COMPOUNDS

Reactants Conditions
ClFg + metal or
metalloid oxides,
oxygen, or ozone
ClFs + HpO or hydrates
C1lFz + various agents

CsF-ClOoF complex + 25°, 2900 psi
Fo

Result

usually CloeF or ClOzF

usually 0102F or ClOzF

some ClFg, ClOF, ClOpF

NaClOy + Brfg -50°, then AsFg some Clp + solid
at -20°
solid from NaClOp CsF, -20° ClopF (25%), no FClO
above
LiCl0g + C1Fs -78° Cly07 (4%) + %race unk.
w/IR similar to Cly0;
and ClOzOF, mass spec.
similer to Cl0zF, and
19,
7 resonance at -369 @
(unk. + Hy0 gave CLOgF
and F7)
ClOpF + PtFg 25° ClOpPtFg, ClFg, ClO3F, OpPtFg?
94
—- e —— _ _

Referance

see Table XVI

see Table XVI

see Teble XVI

S

75

75

76
77




Reactants

C10 + PtIg

CsF'Gleo +
Pthg

0120 + ClFS
+ E%Fb

KC10z + 484
aq. HF

CLOSOpF + Fp
CsSOsF + C1F,
K30sF + ClFs
KSOg¥ + ClFs
ClOgF + PtFg
CLONF + IrFg

Clp0 + IrFg

Mg(C10,), +

Fa

L1C10 + Fp

O« + ClFx

ClF5 + OF,

ClFs + OFp

ClFB + Cb

Cng(s) +
Ofé

CONFIDENTIAL

TABLE JXII (Continued)

Conditions
25°

25°
25°
evap,

-78°, 5 days
25° or 170°
as5°

140-170°

25°

2s°

25°

NFg, -186°

Low temp.

-150°

100°-400%, static and
flow systems

elec. disch., -15, -78
and -196°

elec. disch. (static and

flow)

elec., disch., -196°

CONFIDENTIAL
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Result
ClOzPtFg, Cla, Op

solids, Clp, Op

ClFg, Clg, Op

no rxn, tn KClFpQp

some SFp0p and Clop -

SFp0ps CLORF, CsClFp.,

no rxn.

SFa02, Ops KClFp g

No rxn.

No r#h.

Cl0uIrFg?

No rxn. (no ClozOF)

Cl0pF, ClOxF, possibly
ClF3_50

C10pF, ClOzF, C10p

Cl-F-0 mixtures

Cl~F-0 mixtures

Apperently small smounts

C1T%0

Apparently small amounts

ClFz0

95

Reference

79

79
79
79

9
79
79
79
79 |
79"
79

89
346

346

546

346

348




Reactants

CsF + 010 +
NoFy

C1ONOg + ClFy
CLONO, + NFgO

OFp + CLF

CSC1F, + OF,
oMy + ClFg
OFy + C1By
OFy + CsCl

OF, + CLOpF
OF, + CLOg¥F

OFb + Cloa
NFx + Clop

CFSOCl + Fb

02ASF6 + CSClF4

Clo-00AsFy
complex + Fp

Clo=0pAsFg
complex + Fp
Clp + 6Fp + Op

CLOpF + Cl0p
+ Fe

HNFp + ClOzOF
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TABLE XXIT (Contiaued)

Conditions

-78°
-78°

-160 to -188°

175-300°, 580 atm,

Q80°, 1350 pwig

200°

250°, 825 psig

200°, 1110 psig,
20 hr.

110°

110°

~78°"

0°

-78°, 5 days

higher press, than above

.elec, disch., -80°

elec, disch., -196°

96
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Result

Cl + unident. solid

mostly Clg, some OLOgF
No rxn.

No rxn. indicated by v.p.
and elec., cond. measurements

Ops FpClOpF, ClOsT, same CLFy
C1Fg

Ops Fp, CLFs

CsP, Op, Cly, some C1F, CLpT

some dec, of OFp + formation
of ClOsF

No rxn.

C1¥5, ClOgF, CLOpF
No rxn.
CFxOF (no CL1FO)

02’ Cle, CSASFG

C10p, Cly, Op, unident. solid

05 Clp, CLOsF, C10,

Cl0p, ClOpF, C1lOzF, ClF3,
ClFg + NOF compounds’

CL0sF, (Cl0, unaffected)

NOFQ CIOSF, some N2F4’ N%F’ 012

Reference

183

128
123

333

54,536
$36
339
339

359

339

340
340
356
354

356

357

420a

420a

420a

o




Renutants

Now

Cla Q + ClFS

CSCLF,0 + F,

ClFg0 + Fp
Clrz0 + NaFy
ClFg0 + KrTp

Ca(0C1), + Fp

ClaC + CPp(OF)p

Cloa + Tp

CSF + Cl0g
KC]."\:“L + FQ

MC1Fy + HpO

01Fz0 + Epd
C1Fz + Op

CIF + Op

ClFs + Ar + Og

CONFIDENTIAL

" TABLE AXII (Continued)

Condifidons

es°

-50%, Nal

flow system -78°
to 100°

50-160°, 750-1200
pﬂi’ 16 hr-

70 to 284°

- =80 to +60°

-80°

=-50°, 15 days

-23° opr -45°

=16 tn +25°
elec, disch,, -106°
r.f. disch., 4°K

hv (filtered), 4°K
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B ety

Result
WOoF, C109F, (CLop w/excoss
C1Mg) + unk. w/IR abs, at
518 dbl’ 7.2 1"!‘., 814’
.7 FQR
Ci0F + CIF

ClogF, Cla
GJ.F‘5 0 recovered

no ClFs0

no rxn. to ClF0

no ClFz0

Cl0,F, ClOF

dec, of Clp0d

explosive rxn. to ClFx,
Cl0gF, (+0p with exceus
Fp or Clp with excess Clop)

a0 obvicus complex

CLOzF + CLOxF

MI‘IF‘E, Cl()a’ Cle, chO,
KC1Fy «HpO

HF, ClOz, trace C1FO
Cl0g
0129 02, Fo

unident. cpd; possibly ClFs0,
vhich dec. on warming to

ClFs, OF, (IR bands at 1220,

1210, 664, 657, 646 cm~t)

Reference

4208

423

424

i2d

425

424

405,426

425

532a

532¢,

5328,
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TABLE XXII (Conoluded)

Reactants Conditions Result Reference
ClFg + Ar + 0y 4°K unident. cpd. (possibly OpClFg 535b

of (284a)). IR bands at
1026, 751, 675, 668 em~!

ClFs + Ar + 0 4°K as with Og above 535b

ClFy + Ar + Og hv, 4°K ClopF, C1F0 ES5H

ClNFp + Opy O3 hv no evidence of desired product 535b .
or Cloz

Clp0-CaF + ClFs no ClFs0 - 123 .

ClOpAsTs + Fo 25° no rxn. 424

VII-E. Miscellaneous Halogen Compounds !

Nev halogen fluorides: Attempts to generate F,C1-ClF, by u.v. irradiation
of Cly and Fp in ergon &t 4°K led only to ClFz and C1F upon warming (535b). The
pressure-temperature relation of the ClFz-Fp (1:9) system was studied up to 440° and
* 43,80C psi and was essentially linear (119).

Purification of BrFy can be accomplished by storing it over KF at 25° (388)
or NaF at 100° followed by distillation (78). The complex formed with CsF, i.e.,
CsBrFg decomposed only at 320° with extensive decomposition of the BrFs.

No evidence was observed for the conversion of solid BrFs (-196°) to BrFy
upon exposure to excited F, from an electric discharge (420,420a). Again BrF,; wes
not produced when a BrFg-Fp mixture was radiated with u.v. light at -40° to -60° !
(346a). Similar negative results had been obtained in efforts to react Fy with BrFg i
or CsBrFg with heat and pressure. In another study (77) no BrF, was observed after ;
fluorination of BrI's over CsF at 250° and 1700 psl for 16 hr. Extensive efforts to :
prepare BrF, by fluorination of BrFg at very high pressures and temperatures (wp to !
48,800 psi at 508°C) or under radiation at 25°, or of CsBrFg (at 400°, and 6630 psi) {
gave inconclusive results (118-120), ;

|
!

An effort to react BrFg with ClOzOF to give BrFg*C10,~ resulted only in
_partial degradation of ClOgOF to ClOgF (421). The complex BrFs:BFs has been shown
(138) to be in the ionic form Br¥p*BF,~ by its high electrical conductivity in BrFy
and the presence of the BFy~ band (1020 - 1000 em™*) in the infrared spectrum. It f
melts at 180° with decomposition., The complex NOyF+BrFz has also been characterized
as an ionic material NO BrF, (426), Tt melts at 27°, has a dlssociation pressure of
1 atm, &t 45° and a AH dissociation of 11.7 kcal/mole. The infrared spectrum of
NOoBrF, shows the NOx* band at 2385 cm~l and the BrFy~ band at 665 em~l (346a).
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The vapor pressure of IF, is dencribed (4R6a) by the equation: 1log Bam ™
7.69%9-1356,6/7, The maas spectrum of IP7 showa the IE,,"‘ peak as the most intense
and no parent pesk is cbserved (346wn).

Halogen fluoride oxides: 8Studies of chloryl fluoride and perchloryl
fluoride have not lead to new compounds of interest except, as hoted previously, they
have been photochemically converted to ClFgy0. The 18p N\MR of Cl0pF has been more
firmly esteblished by independent observations of the resonance at ~-329 P (78) and
=321 ¢ (420a). The results of & number of studies of ClOpF reactions are summarized
in Table XXIII and of 'a few studies of ClOg¥ in Table XXIV,

No reaction wes observed when either BrFg or IFy was held at 25° and 100
atm. with an Oy - Fp mixture for 8 weeks (333). The reaction of BrFy with Oy in the
range -196 to -95° gave an unidentified compound which decomposed at -35° (3%30).
Fluorination of the complex CaF-Breo has not yielded BrFy0 or BrFg0 (421), nor 4id
fluorination of BrONOp which appeared to give a complex of the type NOpF.BrF, O (425).
An attempt to prepare BrOpNFp by reaction of BriNFp with Oz in CFCls at -78° was ap-
parently unsuccessful (123).

Studies on the compound reported in the literature as being IF;0 have
shown it to be in the ionic form IOptIFg™ (4202). The 19F MMR of the IFg~ ion was
established at -18 § (420a).

The vapor pressure and mess spectrum of IF50 has been determined (346a).
A parent IF50* peak is observed at an intensity of 32 compared to IF4* at 100. The
IF50 did not enter into acid-base reactions with either CsF or AsFz. Efforts to
convert IFs0 to IFz0 or IFzOp by pyrolysis or reaction with Si0p were unsuccessful.
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TABLE XXIIX
REACTIONS OF ClOpF
Reactant Conditions Result Reference
CaP «22°, 3 hr, 50%, ClopF aboorbed, unident, 75 :
component in product by ;
X=ray :
CaF-CL0oF 80-100° C10pF evolved 75 i
"complex"
CsF ~22°, 19 hr.; 25°, 82% C10pF absorbed, couldn't 76
72 hr, obtain IR of molid or 19¢
NYR in CLO,F (1iq.) ' .
CsF HF no MMR evidence of rxn.; 77
don't see ClO,F, bui see
HF exchanging
CSF, ClF\5 " " ] " 77
CsF . 25°, 4 hr., sheking; Cs/F/Cl ratio of 1:5.4:2.3 in 77
and 16 hr., static goliad
NOo I ~-20° no NMR evidence of interaction 78
(see ClO,T at -329 and NOpF
at -390 )
PtFg a5° ClFs, CLOp*PtFg~, ClOzF, OpPtFg? 79
IrFg 25° Cl0pIrFg? 80
NOF -78° "wet" solid with v.p. of 15 mm. 337 .
at -78°; solid gave two 1liq. ;
phases at -20 to -15° )
OFp 250°, 825 psig some dec. of OF, and forma- 33¢
tion of ClozF
t-MaPs -78° %o 25° no rxn. 340 ;
i
HIF, es CLOyBFy, =-80° Deflagration; unident. prod. 420a. |
w/IR abs. at 7.6 & 7.7 u |
C1F 1liq. equilibrium amt. ClFo? 424
100




feactant
Fa

e

Reactant

Sbry
SbFg

(1Fs
Calr

‘FQ +' {apF

¥o we/W.0s 0P
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TABLE XXIIT (Conoluded)

Conditions
elea, dilsch.

WV, 70° or 24°

C LA

o Yoy

0lFs, COlFg (trace Clrs0?)

PAELE XXTV

STMDTES oF ClOgH

Conditions
«51°
1 bhr. each at: 257,
70005 100¢, 8900;
200°, 11,300 psi
W/We0.CaF

25°, 5 hr. or 200°
3200 psi, 6 hv.

- 200°, 5900 psi, 18 hr.

200", 6400 psi, 15 hr.

25°
¢75°, 18 hr,

-78° to 28°

Regult
‘no rasction noted bty elec. cond.

no reaciiun detescted by NMR

no reaction ncted by elec. cond,

no reaction

some Fp absorbed which Aid not
revolavilize at 500°, Solid
containeu Cs:Cl:F ratio of

2,2:1:3

inconsisttent results, apparently
rxn. w/equipment

no reaction
no reaction

no reaction
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Referonce

405

425

Referance

337

78

357

77

7

78

60

339

340
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CHAPTER VIII

OXYGEN FLUORIDES, O-F DERIVATIVES AND MUSCELLANEOUS FLUORINATIONS

VIII-A. Oxygen ¥luorides and Derivatives

The structures of the oxygen flucridas have hean studied extensively during
the last few yeers and referenves to many recent publications are in the bibliography.
The existence of the OpF. radical in liguid QOFp after exposure to light, and in all
of the higher oxygen fluorides has been well demonstrated. It is, of course, lso-
electronic with the known Og> ilon which forms stable salts. The existence of (T
a8 a gseparate entity has become very doubtlul except possibly as a very unstable
material,

The reaction chemistry of OFy, OyFp, the C-OF compounds end the Opt salts
have been atudied at length. The results of most of these studles are summarized in
Table XXV,

TABIE XXV

STUDIES OF OXYGEN FLUORIDES AND TERIVATIVES

Reactants Conditions ‘ . Result ‘ Reference

1iq. 05-0p=OFp  4.5% OFp miscible and stabilized 72,73
1liq. Oz + OFQ v.p. measurements ’ nonideal soln, 262
OFy + COp + CsF‘ -80° to 100° no rxn 75

180° CFx 0P A 75
OFy + (CFz)pCO  ~50° glow rxn, to CFy, CFzCFO 75
OF, + CFa0 + MF 25° w/CsF, RbF or KF (CFz0)20 76
OFp + SFg + CsF 25° SFgs SFalp, scme unident. cpd. 76

OFy + CFaCN + 140° only CoFgs CF3CFO, COR 76
CsF

OF2 + CsSOoF

OFp + SFa0o
+ CsF
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Reaotants

OFp + STR0 +

CsF

OFQ + SF&O +-

CaF

OF, + &F + CsF

OFy + Cs8Fg
SFgOF + OF,0
CFzOF + SF40

CFp(OF)p + SF40

OFp + BFy.0

OFp + SF40

CFy (OF), + SG
CFp(OF)p 4 CF.0

CFQ(bF)Q +CF 0O

CF3CFO

OFp + CFzCFO

OF, + CF3CFO

CFzOF + CO
SF5OF + CO

SF5OF -+ €0

CFa(OF)s + CO

CoF50F + CO

OFp + CFzCFO

OF2 + Fe + COE

CONFIDENTIAL

TABLE ¥XV (Contirued)

. A, B

At i At gt T e e

Conditions Reault Refarence
140° nc wrn. (tr@.ées SFa0y | 77
formed atb 28°) '
-78° to 100° no rxn, except to form - LA
, | Cs8rg0 :
es? 9Py, SFalp, SpFyq., | v
- (8mg)p0 | \
no rxn. ; ‘ A .
25%, CsF | CFyOF, CsS¥50, CeCFg0 17
100°, CsF nn ra. . 77 ‘
OsF SFpOp, UFsOF, (CF30Jp 78
25°, Xr. no rxn. ' | © 78
175°%,. NaF | SFaOps On ¢ - 18
GsF 3Pa0y, OFSOF (OFz0)e 8
QE°, CsF (CF30)20, CF3OF, 0p 8
25°, CsF. C-C clesvage . ‘ 78 ) ‘(
115°, Nu¥ w0 ran.. 18
175°, NaF CF,C, Oy ‘ | 78
100°, 16 hr. CF50CFO 18
95° SF40, CFp0, SFgs COn 78
hv, O to -35° SF,0, CF,0, SFg, COp 78
CsF CFy, CFpO, COp 78
100° CFy + UFp0 78
25°, CsF CoFs00F (5%) 79
CsF CFa (OF)a 79
103
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;’ TABLE XXV (Continued)
Resctants Conditions Result Reference
Obp + SFy CsF, QClg SFg, SFpOp , 79
OFp + 80p CsF, CCly SFp0p, unk. abs. 14 u 79 !
OFy + ClPy + KP 25°, 48 nr, KO1F ‘ 79 ' P
2 3 4
OFp + MPF.HIFp CFULg explosions on warming .79
OFy + Calg ~196 to -40°, 20 hr, dark blue solid (reactants 79 . N
explode 1f warmed too
rapidly)
OF + CIF {w/wo 150°, 5500 psi, 18 hr., ClFx and 2% ClFx0 80 g
CsF) :
CFp + Clp (w/wo 150°, 5500 psi, 18 hr. ClFs, C1F, ClOpF, trace 80
CsF) ClFs0 ~
OFp + (1190 150°, 5500 psi, 18 hr. ClFs, ClOpF 80
© OF, + Cl¥ 150°, 5500 psi, 18 hr. some ClOF 80
CFz0F + NFCFO CF30NF3 (36%) 259 ‘
OpFp + (NaOCO)pd -111° | CF4, CFpO, COp 264 |
Fp/CsF + " -183°, 1 wk. sl. rxn. as above 264 §
' !
2oFs + CgTg -183° vigorous rxn.; explosive ' 264 i
solid :
i
OsFp + NaOH -183, 24 hr. v. little rxn. 264 T
i
0zFp + NaNOz -183, 24 hr, v. little rxn. 264 ‘
0zF5 + NaNOp -183, 24 hr. v. little rxn. 264 |
OzFp+ Ca or Mg no rxn. 264
0;Fg+ Li, Ma or K react smoothly 264 o
[
OpFp + S0p SFpOp, Op; side rxn. to 266
FSOzOF and FSOp00F
0pFp + SFRO0 -160 SF40 266
104 -
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TABLE XXV (Continued)

Reactants Conditions

OpAsFy + CsClFy ©°

OpAsFg + CsClyy IFs

OpAsFg + CsClFy ~78° (solids)
OpAsFg .+ CsBrFy -78°

OpAsFg + Clp - ~78°
OpAsFgCly + Fp -78°
0pAsFy+Clp + NOCL

CF,(OF)p + NpFy

CFp(OF)y + KP-HNFp

CFo(OF) +

CsCF(CFz )0

OFp + CsCF(CTs )0

OFp + BFz hv, -196°

OpPtFg + Fyp 62°, 1 atm., Teflon

N0 + OFp 350°, 2700 psi, 4 hr.
+ CsF

OFp + SbFy -30°

OFp + NoFy elec. disch., -78°

OFp + ¢is-NpF, elec. disch., -78°

OFp + NpFAsFg  25-112° or HF, 25°

Result
02’ Clg, SSA.EFG
NOgAsFgs ClOsF, ClnOg
(dec. to Cl0p, Opy Clp
at 25°)

Clplg, ete.

'3+l ratlo Cla:0p

Fys Opy Brp, 3iFy
purple 1:1 complex
Cl0zF, €10y, Clp, Op
oY) trace NOQOF, NOAsFg?

no -~ONFy cpds.

CFp (ONFg )2

extens. rearrang. to CF,,
(CF3 )2CF00CFs and ex-
plosive oxides

" es with CFp(OF)p ahove

CoBFy

some C-T cpds. (no OF,)

no rxn., but exploded on
cooling to 315° to NFz,
NFz0, HNOz, unident.
products

NMR suggests OFp«SbFg

NFS, NOE’ SiF4

Nos Fs Op

no rxn.
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TABLE XXV (Continued)

Reactants - Conditions Result Reference

OpTp + 8F40 -140° no rxn. 266

0zFp + SFa0p -160° no rxn. 266

O,F, *+ NOp -130° NOoF 266

OF2 + HCFy sperk CFx OF 284

OF, + CHg + Np some NOpOF 284

0zFo + SLFgy deep purple explosive 301

solid

OF, + BFx, FFg, liq. or gases v.p. studies show no 333
AsFy or SbFg intersction

OFp + BFz, AsFs =-160 to -196° elec., cond. shows no rxn, 533;335
or C1lF

OFp + AsFg 200°, 130 atm., 1 wk. OpAsFg (97%) 335

OF, + AsFs 25°, 6 wk. only 3% OpAsFg 335

OFp + SbFg 130°, 200 atm.,3 wk. 0pSbF, (98%) 335

OFp + BFz, no rxn. 335
PFg or S1iF,

OFp + ClFz 200° ClFy 338

OFp + SbFg or IF5, 25° IF5.5bF5(or IF5.AsFs) 335
AsFs ‘

OFp + SbFg 200°, 760 psig, 16 hr. no rxn. 339

OFy + SF 200° no rxn. 339

OFp + CsClF, ClFg 336,339

OF, + ClF4SbFg 200%, 500 psig, 18 hr. some Op, Fp, ClFs 339

06
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TABLE XXV . (Concluded) |
| Reactants Conditiona - Result Reforance :
OFp + CaCl 200° CsF, Op, Clg, CLF, C10pF 339
OFp + C10p 110° ClFg, CLOpF, Losr‘ | - 340
OFp + 010 180° | C1Fg0 s
0Fp + cis-NFp, -78° t;v150° _ some dec. of both 340
OFy + Clp (or  25° ‘ no rxn. 340 ,
C1F) ¥
‘ OFy+Cl, (or C1F) 150° . CIF, (ClFs), C1OpF | 340 |
OpAsFg + ‘0°, solids NOopAsFg, On (ClpOg dec.) 351
NOpC10g
OoAsFg + | CsASFg + Oy Fp, Brp 352
CsBr¥y ‘ o

VIII-B. Miscellaneous Fluorinations

Table XXVI summarizes the results of a mumber of studles employving ele-
nmentel fluorine or CsF. ‘ ‘ , ~

TABLE XXVI o S |
' : MISCELLANEOUS FLUOﬁINATIONS
Reactants Conditions Result Reference
lig. 03/0y/F, 8.5% F miscible and stabilized 72,73
CaCFz0 + Fp -80° CFzOF (quantatively) 75
CsCF(CF3)p0 + Fp -80° CFz0F + CFy | 75
? NOC1F4 + Fo high press, -45 to NFz0, ClF5, NOpF 75
’ : 300°
COS + Fp/CsF -78° CF0 + SFe 76
NpO + Fp/CsF 200°, 12,000 psi, 4 hr. no rxn. 76
. 107
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Reanctants
SFy0 + CsF

SF,0 + CsF

FFx0 + CsF
PFs0 + CsF
SFp0p + CsF
CsNOz + Fp
CsF + NOCl
CsF + Clp
CsF + COp
KNOz + Fa

CFsNO + Fp

Cly+OpAsFg + Fp

CF50CL + Fp

CsF.FC(O)NFp + Fo

CONFIDENTIAL

TABLE XXVI (Concluded)

Conditions
130°, 7 hr.

~78° or -40°, CHgCN

40°, 2¢ hr,

-30°, CHxCN

-78°

200°, 7100 psi, 4 hr.
25°

25°, 24 hr,

25°, 120 psi, CHxOH
«196°

125°, AgFp

-78°

Result
no rxn.

8l. abs., unident.18p
peak at -51 #

some abs, of FFs0
inconclusive

no rxn.

NFz0, NOoF

CsCl

CsFCla?
Cs*CFOa~? .

no rxn.

(CF3 )oNOCFx
C10sF, Clop, Clp, 02
CF5OF

CFs0F, NF3
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APPENDIX A

MELTING FOINTS, BOILING POINTS, DENSITIES

AND REFRACTIVE INDEXES
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APPENDIX C

MASS, INFRARED AND NUCLEAR MAGNETIC RESONANCE SPECTRA
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TABLE XXIX

MASS, INFRARED AND NUCLEAR MAGNETTC RESONANCE SFECTRA

AgCollaNs0g
IR: (8)
Mass:
NMR:
AsClF,

IR: (385)
Mass:
NMR

AsFgNO

IR:

Mass:

MMR: (386)
ASFSNE

IR: (357)

Mass:

NMR:
AsFgNp

IR: (352)

Mass:

MMR: (352)
AsFlON

IR:

Mass:

MMR: (477)
AsyFrogNyOy

IR: (137)

Masgs:
NMR:
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AgN(NO,, JOHGUH N(NOg ) o

C].Fs 'AHES

FyNO+AsFg

NaFzAsFg

NpFy tAsFy

NF4ASFg

N407F2 (ASFB )4




8.

|

.,

!; ;

l : | 11,
}; 3

|

12.

13.

CONFIDENTIAL
Aty Ty 48xNe

IR: (35%)
Mass:
NMR: (353)

AsxF¢45xNe

TR: (851)
Maas:
NMR: (851)

Fl9; .67 g
-85 § P 3 broad resonances
-134 @

BCsF¢Hg Ns5Og
IR: (5)
Masgs:
NMR: (5)

s (a) 9.64 ppm, doublet
(b) 8.18 ppm, doublet

BCsF4H5N304

IR:

Masas:
.62 ppm, doublet
17 ppm, doublet
BCgF4H7N404

IR:

Mass:

NMR: (8)

H: vs,s = 7.55 ppm, vp 6 = 8.13 ppm/JE’S

BrgNO

IR: (36)

Mass:
NMR:
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NQF4(A8F5)X

NpFq4(AsFs5 )x

\\N (a)

+0pBFy =

N(Noa)2
=z
I

>
+CHzBR,~
= 7.45 cps

NF30-BFz
complex

|
i
i
{
|




I s emt i ol

14,

15,

16.

17.

18.

19.

20.

CONFIDENTIAL

Br(FgNs

IRt (14R)
Mass: (142)
MMR: (142)

BrCyq FH7NOp

IR: (17)
Mass:
NMR:

BrFyNop

IR: (426)
Mase:
IMR: b

IR: (274)
Mass:
NMR:

CCaF=0

IR: (75)
Mass:
MWR: (75)

9 +107.5 ppm, singlet, -0CFx~
CFoHzN

IR: (232)

Mass: (232)

NMR:
CF40 -

IR:

Mass:

IMR: (284)

F19; 72,5 ppm, doublet, downfield - CPy
142 710 prm, quartet, downfield - OF
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(NP )gC-Br

(Hg )gOHo0CHE:

NOQBI‘F4 *

(CBrgCHNF,NH),CO

+ -

CHzNFo

CF3OF




el.

ee.

e3.

24‘

25‘

a7,

28,

CONFIDENTIAL

CFgN CFyNFp
IR: (e%3)
Maam: (8%2)
NMR$
CF5NOp Crp(OF )ONFg
IR: (386)
Mess:
NMR1
CF5NOgS, Cr(NFp ) (0S0gF )
IR: (440)
Mass:
NMR:
CF5Ng (NFgp )gCmlvF
IR: (115)
Mass:
NMR:
CFgTg0 CFp(ONFp)a
IR: (293) —_—Z.0
Mass: (293) 0 P )
MMR: (293) d,/”’ : 2
CFE -
. 2
F18: 126.8 ppm, broad, -ONFy
66.2 ppm, pentet, >CFp
CFgNgOp FpC(ONFp)o
IR: (385)
Mass: (385)
NMR: (%85)
CFgN C(NF2)4
IR:
Mass: (l46sa)
NMR:
CF; zN0oSp SF50CFR08F I Fp

IR: (405)
Mass: (405)
NMR:
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29, CpClFsHpNe C1CHp-8-NFp
; IR:
‘ Masas

MWMR: (292)

O -¢6.9 ppm
-21.4 ppm

30. CpCloFsNsO (FoN)oCF-0-N=CClp
IR:

Maga:
MMR: (293)

l

}

| , F19: -20.9 ppm, -NFp *
| : 116.3 ppm, =CF
! ;

|

|

{

NF2
5 31, CpCigFgHN40 FHN-g-o-N-CClQ
| S NFo
i IR: i
Mass:
MMR: (293) !

| P F19: -23.4 ppm, -NFp I
137.5 ppm, -NHF i

32. CpCloFgNgO (FpN)zC-0-N=CClp

i

;N IR: (293

- : Mass:( ?233)

. NMR: (293) .
- F19: -25.3 ppm, singlet, -NFp

33, CoFpHyN CHsCN-HNFp (solid) L
gt -160° |

IR: (232) :
Mass: {

e T g
i

» 34. CpFoHuN O3 O, NNHCONHCH,, NFyy
IR: (274)

Masgs:
NMR:

138
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35, CpFoHglz0S CHzSOpNHCHpNFp

IR: (274)
Mase:
NMR:

36, CpFyHgNy0.S FNCH, NHSO NHCH, NF,,

Ik: (274)
Mass:
NMR:

)

. 37, CpFyNy FN=CFN=NCF=NF

IR: (249)
. Mass: (249)
NMR: (249)

F19: -6.9 ppm, =NF
79.6 ppm, 3CF

38, C,F,l,0 ﬁr\ N
‘ ¢
IR:  (299) ¥ No-NeCF,
Masas:
NMR:
2 ' 9
39. CpFy0p CF5-8-0F
IR: (294) : 7
Mass: CFs é OF
MMR: (294) L_ _]
6.0 cps
F19: -188.0 ppm, quartet, OF
' 70.8 ppm, doublet, CFy ‘
: 0
40. CpFgHNO | (TpN )pCP-CH

TR: (294) ' ;
Mess: (294) ‘
MMR: (294)

Bl: 0.34 », -C(=0)H

F18: -22.6 ppm, -NFp
158.0 prm, 3CF
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41, CoFsHplNg 0

IR:
Masgsy:
MMR:  (291)

CONFIDENTIAL

(ren)ecr-nr-g-nné

F19; -24.8 ppm, -NFp
74.2 pmm, SNF
132,1 ppm, 3CF

42. CpFgNg
IR: (256)
Masgs:
MR: (256)

F19;

Trans

Cis

43, CQFS 1'12,1\120:5

IR: (86)
Mass:
MMR: (88)

44, CoFgHollg
IR: (251)

Mass:
MMR: (251)

e
FplN-C-NuN-CF

NFp -45.4 ppm
el

-11.4 ppm F :b-
7 80.8 pom

“NeN_ F -9.1 ppm
N

-18.3 prm F\ d,NFQ -4l.2 ppm
= \

NhN\ N/F ~-8.9 ppm

Hl: 4.69 r, -NH,
F19. -20.8 ppm, -NFp
+9.2 ppm, =NF

137.6 ppm, >CF

F 80.4 ppm
o H

(NFQ)SC-NH-a-ﬂ/
\NOQ _
w

(FpN)oCF-NaN-C-NHy

140
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IR: (296)

Mass:
NMR: (296)

™9 12,4 pom, SNF
62.5 pm, .CFS
112.5 ppm, >CF2

46. CpFglN 0 @ 1%1«
ey=ia
IR: (164) uCm0
Mags:
NMR:
47, CQFGNS ‘ NF h‘F
FpNN-8-Nu]-C-NFy
IR: (e55)
Masgs:
MMR: (255)

F19: Trans-Trens NFg
.

F e N /F -22.4 pm ;

ot ‘

1\{2 -45.7 ppm.

Cis-Trans ~20.3 ppm R (N'Fa -41.,4 prm
N

\\T-N\ /F -9.3 ppm
‘ C=N
l\ﬁg =45.6 prm

Cistis F\ /NFQ -41.2 ppm

NaC f
\ |
N=N\ i
N ' /C-N\ i
: ¥, F -19.1 ppm ,
|
48. CpFgOy n FO~CFp=0-0-CFp~OF |
IR: (403)
Mass:

MMR: (403)(435)

F19; .158 §, triplet, -OF
81 f#, doublet, >CFp
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49,

50,

51.

S2.

CONFIDENTIAL

CoFg0q (Conoluded)

;:;35 eps —ae.?

F-0 CFg=0

CQF7HN40
IR:
Mass:
MMR: (29%)

Fl8: -27.6 pmm, -NFp
+1..5 ppm, ~C(w0)F

CoF7NO

IR:

Mass:

MWR: (532a)
CoF7Nx0

TR: (292)

Mass:

MWR: (292)

F19: -23.6 ppm, -NFp

9.6 ppm, doublet of doublets, -C(=0)F

72.4 ppm, >NF
132.9 ppm, 3CF

30 cps

R
(FplN ) pCF~NF c—-j‘
LGO cps
CoFglg

IR:
Mass: (249)

142
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53. CgFoHeNsOp
IR
Mass:

MMR: (296)

Fi9: .g2.2 pm, -NFp
+138.6 ppm, =-NHPF

54. 02F10H4N8
IR:
Mass:

NMR:  (291)

Hl: 4.3 r, singlet, SNH
0.8 7, doublet, -NHF

F19: .21.3 ppm, doublet, -NFp
CpFy2Ng02
IR:
Mags:
MMR: (296)
F19: -25.2 pmm, -C(NFp)s
CoHg LiNg Oy
IR: (4)
Mass:
NMR:
C5C1FH5NO,
IR: (18)
Mass:
MMR:
CzCLF5HsNgO
IR:
Mass:
MMR: (293)
F19: -21.5 ppm, -NFp,
141.3 prm, -NHF

143
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2 NFp
FHNV- -m—m—ﬁ;mw
-] 2

(FlN)5COOC(NFp )x

LiN(NOg )CHoCHAN(NO, )

FN(C1)COnCpHs

2
ClCHQ-CH?_-O-' -NHF
NFy




59.

60.

61.

62.

63.

CONFIDENTIAL

CgC1FgHyNgO C1CHpOHg=0-C(1Fp )3

IR: (293)
Mass:
NMR:  (298)

Hl: 5.40 v, triplet, =CHpO-
8.29 v, triplet, CilCHp-

F19: -23.1 ppm; . -NFp
CaFelgNa02 CHgCO(OH)CHpNF2
IR: (274)

Mess:
MR:

CaF : : — - CH ¢
3 LHQNBOS -,_W‘EQNC}W(NOQ)CON(NOQ) HIF

TR: (274)
Mass:
MR: (274,

s Triplet centered at 2,1y, I =16 Cps

TR: (274)
Mass:
MR: (274)

gl: fTriplet 4.35 = (J = 18 cps)
3.45 ¢ (J = 18 cps)
Broad singlet 1.74 v (NH)

Fl9: Triplet at -32.5 8 (J = 18 eps)

CaFaHyNg 0 Fawé}rm«:comcma
1R: (274)
Mass:
WMR: (274)

#l: Triplet at 4.39 v, J = 18 cps (CH) each pesk split by 4N J = 1.8 cps
Broad singlet at 2.12 v (NH)

Fl9; oTriplet at -31.6 8, J = 15 cps

144
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64.

€5.

66.

67.

68.

69.

CONFIDENTIAL
CuFgHgNgO

IR: (274)
Mass:
NMR:

CaFqHgNgOg

IR: (274)
Maas:
NMR:

CaFyHyNz0p8

IR: (274)
Mass:
NMR¢

CaF5HsNgOp

IR:
Mess:
MMR:  (85¢)

F19: -21.0 ppm, -NFo
142,6 ppm, -NHF
CSFGHQNGO

IR: (86)
Mess:
MMR: (86)

C3FgHslz0p

IR: (294)
Mass:
MR: (294)

w': 5.49 v, triplet, -CHy-0-CZ
6.10 r, triplet, - CHyOH
5.97 v, -OH

F19: -23.3 ppm, -NF,

145
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CHp [N(CHpNFR INOR ]2
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70, CgFgHgl,

IR: (274)
Mass:
WR: (274)

Hl: 5,43 v, triplet, J = 24 cps
F19: 42,7 8, triplet, J = 24 cps
1. CgFg03

IR: (296)
Mass: (296)
NMR: (296)

FL19: 33 ppm, -C(=0)F
85 . 0 pm’ -CFS
95.8 prm, >0Fb

72. CstOS

IR: (296)
Mass: (296)
MMR: (296)

F19: 68.9 ppm, singlet, -0CFx
72.0 ppm, singlet, CFzC(=0)-

73. CSFSI'IN

IR:
Mess:
WR: (298)

F19; 76.1 ppm, -CFs
134,.9 ppm, ~NHF
151.2 ppm, 2CF

r——-—ll.e cps

CF5\ |
8 e —

CFg” L—s3 cps—-—HET

3.2 cps

146
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0
CFgCFp=0-0-8-F

0
CPg=-C-00-CF5

(CFz )oCF-NHF
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76,

77.

78.

79.

T4,

CSFBOS
IR: (206)
Mass: (296)
MMR: (2986)
Fi9: -168.0 ppm, doublet, -OF
€8.7 ppm, doublet, ~CFy
90.6 prm, complex, 3CF
.5 cps
(Fg=0-0 ] 25 cps
] — 1
\CF OF
CFg=0-0
CzFglix
TR: (235)
Mass:
NMR
C3F12HpNg0
IR: (86)(164)
Mass:
MMR: (86)(164)
CzH7Nz 04
IR: (6)
Mess:
NMR s
C,CLF, H) o304
IR: (176)
Mass:
NMR:
C4C1F4Hy N304
IR: (176)
Mass:
MR:

147
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(CFoNF)s

0
(N, )3C- NHG-NH-C (NFp )3

+ -
(Hp-GH~CHp-NHC104
NFy NFp Hz

GH- CH-CHy~CHp~ NH3 "C104 ™
NFa NFo




80.

Bl.

82,

83.

84,

85.

86,

CONFIDENTIAL
CyCLlFgHg N, Oy
IR:

Masgs:
IMR: (292)

F19: .26.9 pmm, -C(1,)g
C4FH7ING,
IRs
Mass: ;
NR:  (17)
F19: 425 pm

CyFpHol, Op

IR: (274)
Mags:
NMR:

CyFpHgNy 0

IR: (274)
Mass:
NMR:

CyFpHgNg 07

IR: (274)
Megs:
NMR:

C4FoH, Ns05

IR: (274)
Mass:
MMR: (274)

Hl: Complex series (ring CH) region
CHz peaks obscured by solvent
NH absorptions 0,72 und 1.21 ¢ Collg

cnscxiro-g-g;o-c( NFy )g

FN(I)C0,-CH(CHg )2

H
0 N NF
XN
P or isomer)

W "o

| CH, :CH- CONHCH,NE,

FNCH, NHCONHCH,C (NOp )

OH3 OCH-NH
B=NNO,
FoNCH-1f

F9: Two doublets centered at -38.8 § (F = 27 cps) and -41.6 §

(J = 18 cps)

C4FoHgNo Op

1R: (27%)
Mass:
MR 148
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87. CyFpHgNO CHg (OH)NFg OpHg
IR: (274) k
Masgs: :
NMR:
H
88. Oy FalzNs0 o\ NF
IR: (274) P
Mass M §1 \IP
NMR: H
. 89, CyFaHsNa0p NFmCFNFCOpColly
IR: (10)
N Mass:
MMR: (10)

Fl19: 15.0, singlet, broad, NF = CF
53.2, doublet, -NFCO-, J = ~ 26 cps
63.4, doublet of doublets, =CPF-, fluorimino fluorine coupled with
-CF~, 13 cps , ‘ ‘

90. CyFalyNa0p Fp NCHp NFCOOC,Hy
|
IR: (274) ;
Mass: ;
NMR:
9l. C4F4I‘52N6 H ;
IR: (274) : N ‘ A i
Mass: P a
NMR: (274) S l
w: 6,41 r(solvent !
-0.30 "rgsolven ) : ’ |
6.35 v (MeCN?) \
F19: +24.0 8 |
|
92. C4F4H4N402 FoNCH- I\EHO
co *
IR: (274) FgNCH-l\ﬁH |
Mass: : (
NMR: 1
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93,

9¢,

95, .

96.

97,

98.

CeFeH502

IR: (274)
Mess:
IMR: (274)

CONFIDENTIAL

H': 245+, 3.18 v, (NH), broad peaks
3.88 v, quadruplet, J = 17 cps
4.05 7, doublet, J = 24 cps (CH)

Fl19: .28.7 §, doublet J = 27 eps
-30.8 5, quintuplet, J = 17 cps

CqFyHgln0n

IR: (274)
Mesa:
' NMR:

CqFyligy Op

IR: (274)
Mass:
IMR:

CaFyHgllOp

IR: (274)
Mess:
NMR ¢

C4F4HigNgOg

IR: (274)
Mass:
NMR:

CaFyH) 0Ny 045,

IR: (274)
Mass:
NMR:

Fp -N{CONH@
co

FoNCH- T

0
::IrNFb
NFg

(FoNCHNHCHO )
2 2

CHéOCHNFéCHNFEOCHS

FpNCHoN(NOp )CH (N0, ) CH N(1M0, )CHyNF,

150
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99, C,FsHs0n
IR: (46)
Mass:
MR: (46)

F19: -19.8 ppm, singlet, brosdened, NFp
+77.4 ppm, singlet NFCO

+97,9 ppm, dovblet (J = 12 cps) -CHp

100, C,FgHsNs0p

IR: (175)
Mass:
MMR:
101. C,FgHsN50,
IR: (177)
Mass:
MR:  (177)
1 ~
H: 4.42 Ts ;CH
5.20 v, >CHy
102. C4FgHgN40z
IR: (296)
Mass:
MR: (298)

Hl: 6,12 r
6.16 -r} -Clis
F19; -24.0 ppm, -NF,
105. CyFgHgNgOz
IR:
Mass:
NMR: (292)
H': 8.7 7, triplet, CHs
5.71 r, quartet, >Cly
0.55 v, singlet, >NH

F19: -24,5 ppm, -IF,

151
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NFQCFam%CgHs

C{T%;CH-CHQ-OC(NFQ )5

OpN=0~CHy = CH=CHp - OC (T, )5
oNop

(¥oN)zCON=C(OCHz )2

0
CHpCHg = 0--NH-0-C(NFp )5

i
|
.
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104,

108,

106.

107.

10u.

109.

110.

CyFgHqN;0

TRy (274)
Masas:
MMR:

CaFgliyNy 0

IRy (274)
Mass:
MMR: (274)

CONFIDENTIAL

(FpNClig )o NCOMHCHp T

FQ%[::O::I%FQ

FaN 70" N2

s 4.49 7, triplet, J = 19 cps

F'9: -34.% &, doublet, J = 20 cps
-33%,50 %, doublet, J = 20 cps
31,2 5, brond band (Impurity ?)

C4FgOa

IR: (298)
Mass: (296)
NMR:

C4FgliaN50p

IR: (86)
Mass:
NMR: (86)

IR: (163)
Mess:
MMR: (163)

CyF13HzN70p

IR: (163)
Mass:
NMR: (163)

C5C1HeNaO10

IR: (8)
Mass:
WMR: (6)

q
(g C=0-0-CFp=CFy

0
1

, o
(NFp )3 C- N~ C-NH-C-CF,

0
0

(NF ) s CNHOH,, OCTHC (NF )5

oH
... (N )3CNFCH, OCNC (1F, )3

it vp = 8.89 ppm, vy = 7.53 ppm, vg = 8,15 ppm
JS,G = 7.22 c¢ps, Jé,S'” 0.3 cps
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111, CgCLHgN, Og : NHNOg
IR (6) Z |
Mass s )
x
MMR:  (6) N
Hl: ulnplet, Vi ™ 989 +NO2C104
o doublat. {258 2 6,75 Fom ga 5 = 6,08 cps
112, C3ClaF4HyN,0 ' (COLy CHNF, NH ), CO
IR: (274)
Mass:
NMR:
113.  C5FH,N,0q FC(NOp ) CHy OCHp CH=CH,
IR: (49)
Mess:
NMR:  (49) z

Hl: 8 = 5,56 - 6,20 (12 line pattern, doublet of doublet of triplets)
Jcis = 9 cps, Jtrans = 17.5 cps, Jallyl = 5,5 cps
Internal olefin proton at a terminal vinyl group i
§ = 5,06 - 5,51 superposition of multiplets (external clefin

protons of vinyl group) i
§ = 4.58, doublet (Jyn = 18 cps) CHp in the fluorodinitroethyl !

moiety
8 = 4.15, doublet (J = 5.5 ¢ps) allylic CHy

F19: § = 111.0, triplet, Jyn = 15 cps, fluorine in the fluorodinitro-
methyl moiety

114, CgFH; gN0.S @
IR /m\@ HS0,
Mass: CHp CH
NMR: (45) L
ut: 116, 137 =ps, multiplet Qc e
3.13, 3,10 ppn (TMH H

4.28, J3quplet = 2+8 T 0.3 cps
8.83, Jiouplets 25:2 ¥ 0.4 cps, Jgriplet = 3 cps pair of un-
resolved triplets

9 .157.53 ¥ 0.03 ppm, broad doublet (NF), J = 24.1 * 0.5 cps

115.  CgFpHgO D<OH
IR: (274) NFo

Mass:
NMR:

153
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116, CSF?HgNsos CpHs OCH-

C=NIO,
IR (274) PoNCH-ME ©
Mass:

NMR:

Hy
IR: (274) FzNCH-N=-CHO
Mess:
NMR:

118,  CgFyHgN,0 CHp N(CH NF, )CON(CH NP, ) Bt
IR: (274)
Mass:
NMR:

118,  CgF4HoNg0 FgNCHgNCgHscoNHCHQNTz
IR: (274)
Megs:
MR

120, CgFaHyoN,0 . AR CH3CH(NF, ) NHCONHCH( NFy, )CIH,,
IR:  (274) g o * R !
Mass: ‘ “ ‘ o

NMR:

121, CgFyHy NsO

TR: (451)
Mass:
 MMR: (451)

122, CgFyH; Ns0 .
IR: (451)

Mass:
MMR: (451)

154 | ‘ v
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125. CgPgligNz
NFp
IR: (440) NFg
Mass:
NMMR: (440)
N\F
124, CgFgH,N,0, F 2
NOp - $~CHp ~CHg (- Chg
IR: (315) NOp NF,
Moss:
NMR:
Q e
125, CgFgHyNaOsg CFyg -C=0~CHy=CHy= 0-C- 1T,
IR: (294)
Mass:
MMR: (294)
1
H': 3.5 T, >ClL,, mixture of lsomers
9  Isomer Peak Assignment 11
e 75.7 ppm CF3 .
A -4%,0 ppm =NFy |
+0.8 ppm aNF ]
I -37.7 ppm -NFE ;
49.0 ppm =NT :
!
i'G. CSF6H4NSO FN=C-N:?HéNF2 l
C. 0
IR: (274) FlwC-NCHp NFp
Mass:
WMR: (274)
gl: 4.41 7, triplet (J = 24 cps)
9 431.4 5, uingle peak (C:NF)
-44.0 6§, triplet (J = 24 cps)(CHplFp)
0
107, CgFgHgNaOp CHp=CHCHp OCNHC (NTp )3
IR: (86) '
Mass:
MMR: (84)

188
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1aa. C5FgHNg O Q

CHyCHy 0~CCHy - OC (NF )
IR: '
Mass:

MMR: (294)

F19: .22.8 ppm, -NR,
129,  CgF,HgNeOx
IR:

Mass:
MMR: (294) L.

0
(Fem)sco-cx-nav-ﬂ-ogm
Hy

F19: .25 ppm, 1w
+123.1 ppm, doublet of quartets, 3CF .

L——-—-64 /5=

0
(FyIN)gCO-CHy-8-0-0

rs
24 c/s
130,  CgFgHgls0s 2 P2
CF3C~0-Cip =CHp =0~ - NHF
IR: (294) NF,
Mass:
IMR: (294)
H: 1.25 7, -NHF
547, -CH, .
F19: -21.3 ppm, -1mp
76.0 ppm, -CFz .
139.1 ppm, -NHF
131, CgFgHglg0 FaNCH-N-?HeNFa
0
IR: (274) F2NCH-N~-CHp NFy
Mass:
NMR: (274)

Hl: 15 peaks (triplet and pair of sextuplets) 4.15 - 5,72
CHy groups and nonequivalent ring CH-rings

Fl9: .30.5 s, doublet, J = 18 cps, CHNF,
-43.2 8, triplet, J = 21 cps, CHpNFp
Doublet:triplet in 1:1 ratio
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132, CgRghglg0

IR: (274)

Masa:

NMR:
138, CgFgH,NaOs

IR: (P94)

Mass:

IMR: (284)

Hl: 5.37 r, >CHp

rl8: 23,0 prpm, -NF2

75.8 ppm, -CFx
134. CgFy3HzNgOg
IR: (175)
Mass:
MR: (175)
Fl9: .23.9, -NF,
+118, -CF
135, CsHstOe
IR:
Mass:
MWR: (5)

H': & = 8.97 ppm, doublet,
b = 9.19 ppm, doublet,

J4,6 = 2,50 cpms
136. CsHaN50g

IR: (8)

Mass:

WMR: (6)

1,
H*: VNHNOQ a 11,07 ppm
Vo,6 = 9.02 ppm
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N
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137, CsHgaN4O4 H(b)
G, N H(a)
IR < |
Masst ™~
NMR: (5) H(e) NHNOp
o) (a) 8,00 ppm, doublet, J: between protons in 5 and € position
4.8 cps

(b) 8.74 ppm, quartet

(e) 9.24 ppm, doublet, J: protons % and 5 positioa 1.4 cps
IR Z o,
Mass: a ‘
MR: (6) N .

Hl: Protons 5 and 6 position J, = 8,16
5,6
vg = 7.64 prm, vg = 8.26 (two doublets)
proton number 2 position Vo = 9.04 ppm
J?’s ~ 003 CPB

139. CsHgN404 NNG,

IR: (5)

Massg: | I

WMR: (7) '
NO2

nl: Vo,6 = 9.19 ppm
v = 7,10 ppm
3,5

140, CgHglNs0;o oo )
(0pN)3C~CHy~N-CH(CHz OH) o
IR: (176)
Mess: N
MR: (175)

Hl: 4.40 v, -CHp-C(NOp)3 ;
5.25 v, =CH )
6.25 7, -CHyOH !
6.78 v, -CHpOH :

02
141. CgHy1Nz04 CHz-CHp-CHp-CHp-CHp-N
\NOg
IRs
Mass:
MR: (2)

Hl: a-methylene protons
¢ = 4,15 ppm from TMS - 1
158 K
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143,
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145,

146,

147,
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CgFHy N0y CHsCONFCORCH(CH )2

IR:

Mags?
MMR:  (17)

Fl9: +68.8 ppm (relative to internal Freon-11)

CeFoHgNaOg €Q

T2NcHp \gﬁHeC(NOa )5
TR: (274) Hp P Hp
Mass: 0

MMR: (274) |
H: 5,08 7, triplet, Jg. m = 24 ops
5.0L v, peak He MB )
4.88 7, peak [CHoC(NO,)s] , ratio l:2:l

F19: -44.5 8, triplet, Jyy, oy, = 24 ops

CgToH; oHENp O Hg (NFCO, GoHs )y

IR:
Mass:
WMR: (16)

F19: CHClg solveht,broad absorption at 87.8 ppm
CI{SCN " " " " 92 Ppm

CeFaligNyOg j : (FpNCHNHCOCOOH )g

IR: (274)
Me.ss:
NMR:

CeTath o202 ‘ HO H.

IR: (274)
Mass: FoN - NFg
NMR: '

CeFaty oNaOp ’ (PoNCHNHCOCHz )

IR: (274)
Mess:
MR:

159
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148, CgFqHyoNgOq (FpNCHNHCOOCH: )
IR: (274)
Masa:
MR
149. CgFyH1oNg0Og82 §020H
3
IR: (274) c No_ NFp
Mess: N
MMR:
' FoN ™ OH
SOQCHS -
150, CgFgHyNsOp v O2NHy
TR: (6)
Mass:
MR TT |
151, CgFgHgNgO7 %MWW?ME '
ar
IR: (274) ‘ P, NCH-MOK ¢ (N0, )
Mass:
MMR: (274)

Hl: 16 peeks, 4.03 - 5.68 =
consisting of singlet CHyC(NO, )z
triplet CHyNFo
and peir sextuplets, megneticelly nonequivalent ring CH-rings

™2: -28.8 6, triplet, J = 21 cps .
-31.0 8§, doublet, J = 12 cpse NFp positions 5,4, and 1 resp.
-43.6 §, triplet, J = 24 cps ratio 1:1:1

152, CgFgHgNg010 (0o NOCHp, ) £C-CHy - 0C (IVF, )
TR:  (174)

Mess:
WMR: (174)

Hl: 6.05 T, singlet, =CHp-0-C-
6.15 T Singlet, "CH‘Q"O"NOQ

F19: -24.7, singlet, -NFj

160
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155,  CgFgHgNg07

IR: (274)
Mags:
NMR:

IR:
Mass:
NMR: (178a)

155. CgFgHyolNg0

IR:
Mass:
NMR: (297)

Hl: 6.87 v, -Cly

P9 -24.5 ppm, -NF,

156, Ce FGHGNS 0

IR: (453)
Mass:
MR

157, CeFgHgligOp

IR: (274)
Mass:
NMR:  (274)

_H: 1.09 v, singlet (CHO)
3.68 1, triplet, J = 23 cps (Ring CH),
each peak 3plit into doublet J = 4 cps

(Fp NCH,, ), NCON(CH, NF, ) CHy G (NO,, )

CEP%OCHe'gH'CHEOC(NFE )3
H

(Fol¥)5CONC[N(CHz ), ] .

NFa NP2
c}{s-g_?.__.fl-g-c}rs
NFQN NT'a
~. O’,

¢HO

N
~
Fagécn/ HCNF,,
ToNCE_ HONF

CHO

F19; Complex spectrum between -40.9 § and -36.3 8

158. CgFgHgly
IR: (274)
Mass:
WR: (274)
Hl: 7.61 7, single pesk
F19: .27.4 6, single peak

161
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159,  CqFaHgl, O

Me Me
v FalN| O NFp
IR: (274)
Mase:
IMR: FgN O NFo

or isomer
160, CgFgH, oNa045, fOQCHs
IR: (274) V;R
Mags: gH NFp
WMR:  (274) FpN H p:. NFg ‘ )
N
‘ S0,CHz .
: gl:; 3.95 v, triplet, J = 21 cps (Ring CH)
FL9: -41.3 §, doublet, J = 12 cps
-38,7 8§, doublet, J = 12 cps
2
161. CgligHgla0, : F,NCHp -¢= CHy CHy OCOCF5
NFp
IR:
Mass:
MR: (440)
162. CgFygHy N 0p ( P, NCHNHCOCF5 )o
IR: (274)
Mass:
NMR¢ .
163. CgF  H,N-04 HOEC-;H qH-cogﬂ
Tk:  (174) : , C(NFg)s (NF2)3
Mass:
MR
164, CgF, H, N0, (Nré)s-c-g q:o
g2 0
IR: (86) CHy—0-C=N-C(NFp )3
Mass:
MR: (86)
162 )
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185,

166,

167.

168.

b

CgFyaH5NgOg
IR:
Mass:s
MR

F19;

CeFyoHgNgOx

IR:
Mass:
MMR:

H;:
F19:

ul.

(174)

5.5 7, CH,
4.28 r, CH

5.5 », CH2

CONFIDENTIAL

(NOQ)sc‘cﬁé‘ggzgﬁéso-C(NFa)x
2 )3

(175)

(175)

-23.8, -NI,

(FaN)sCO"?H—gH‘OC (NFE )3

v

(174)

(cis)

-24.0, -NF,

(trans)

4,45 v, CH

Flg:

CgF10HgNg0y
IR:
Mass:
NMR:

719,
C7F2H15N03
IR:

Mass:
NMR:

C7FyHgMp
IR:

Mass
NMR:

e

(315)

-24.0, NF,

(FoN)zCO+CHp -CHp- - CHp~CHp - OC(MF2 )3
N0,

(178)

(178)

-27.0, -IF,

(CpHs )oCHC( OH)NF2CHz

(274)

G5
HC' NFa

183 :
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170, C7FgHg o013 (0pN)sCCHa
' N| co
R:  (274) FaNeHy""
Masgs: * e
NMR:  (274)
Hl: 4.70 7, triplet, J = 2% npo (CHpCF, )
S peaka 4.84, 4.62, 4.35 v, steric hindrence of CHpC(Nop)s
P19 45.2 6, triplet, J » 23 cps (N-CHylm,)
171, C7F1pHyN11010 | gﬂe ,
(0N)3-CCHp~N-Cii] CHp 00(VF )s]
IR: (176) A
Mass: ‘ :
MMR: (175)
Hl: 4030 T, -CH'Q‘C(N%) t
5.08 T, ECI{’ ‘C}boc?me)s
F19: -24.2 ppm, -NF,
172.  CqF1oHgNgOg (oénocné)a-c\-crb-o-c(ma )
: . CHp~0-C(WF, )5
IR: (174)(175)
Mess:
NMR:  (174)
Hl: 6.1l r, singlet, -CHy-0-C(NF,)s
6.22 7, singlet, -CHp-ONO,
F19: -24.4, singlet, -NF,

173. C7F16H6N8

IR:
Mass:
MMR:

F19,

174.  CgFoH;olis

IR:
Mass:
NMR:

1684
CONFIDENTIAL
= L N

Oy
(174)
(174)

-23.6 P, singlet, -OC(NFy )
-20.8 ¢, singlet, >C(NF2)2

(49)

(FoN)3C0-CHy - GH— CH-CHp-0C(NFp )3
o c/o

DAL
NFp  NFo

Lo




177,

178.

179.

1.80.

CONFIDENTIAL

CaFaH 4HE1N204 Hg (NP0, CH( Ol )

IR
Mass:
MR:  (16)

9 +90.8 ¢
CgFyHgNgOp (P, NCHIBICOCECH ),

IR: (274)
Masas:
NMR

CBF4H8N2 1aC 6;% !
: 3L prita
IR: (315) Neg
Mass: '
HMR:

CeFeHraNs04 (P, NCHVHUCOCoHS )o
IR:  (274) . |
Mass: e
MMR: (274) E
yl: 5.83 v, quadruplet, J = 7.2 cp3 (CHy)
2.17, 2.30 v, broad doublet, J = 7.8 cps . (NH)
3.8 - 4.8 v, ccmplex multipletv (CH)

F19; . -26.9 6, doublet, J = 27 cps .
" -31.0 §, singlet ,
'-35.2 §, doublet, J = 12 cps’

CBFBHIONBOQ : . FQNCI'%N" H"I\QHQNFQ
0=C_ /C=O
. ‘ ‘ . LN .

IR: (274) | ' FoNCH¥-CH-NCHNF,
Mass: \ , A
MMR:

CgFgH; pNgOz \ L " {FpNCHNHCOCH,CHyNFp )p
IR: (274)
Mass: |
NMR:

165
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181, caml‘iu.N«da
(IR

Maaas
NMR: (455)

162, 'cgrlaxewlooe
IRt (274)
Massgs

. NMK+

163, CgFypHgy o010

\ IR
Mess:
NMR: (178)

Hl: 4,50 7, singlet, -Chp-OC(NFp)s
7.02 7, ~CHp=CHp-
‘ L

F189: 25,1 prm, singlet, “NFp
184.  CgF) gHally o0

IR: (176)

Masg:

WMR:  (176)

l: 6.04 7, singlet, -CHp~ oc(mt«‘,z)3
.07 v, ~CHy-ONOy

Fl9: .24.5 ppm, singlet, -NF,
IR:  (174)
Mass:
NMR: (174)

FL9: -23.6 , singlet, -NFp

166
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(+CHg = 0=CRg=C(WFp JoUHy )y

o

HC’!NTQ
2
g -
CHg~0~CHy =0 (NFp )y
NO2 2

0pNN-0-CHp-C[ CHp= 00 (NF )5]5

CH-CH OC(NF2 )3

»

(FQN);sCO-CHg-gH

C(vFp)s g(NFe )5




CONFIGENTIAL

b,
r i\ 186, CgFpHy1Ns
| IR:
i Mwss:
WMR:  (49)

H: 7.4 - 8.0 8, complex arometic multiplet
: 1,5 8§, syms triplet, J = 1,8 ape
! 1,2 §, small singlat, ecetone contaminant

F9: -25.3 #, broad singlet

. 187, CgFliygNefy CHg[ N(CHoNE, )¢00CRHs )2
. IR: (e74)
- Mass: '

NMR: ‘ :

N.

193. C9F12H12N12 i / \
(FpNCHp JoNg~  [N(CHpNFa )2
IR: (274) N;\
Mass:
MWMR: (274) A o N(ChyNFp )g

Hl: 4.4 7, triplet, J = 24 cps

P9 -45.6 ¢, triplet, J = 24 cps
i ' ' . - .

189, CyFaigls

B -

IR
Mags:
MR (455)

190. q10F4H14N403'
IR: * (274)

Mess:
MR

IR: (274)

Mass: _ CHzOCO
MR o S

. ‘ 167 ‘
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L
182, CyoFy0H14Ne08 COCHaCHy
HeQ~00(NFg ) NHF
IRy (175) FHN(NFg ) oCO=OH
Masa: 00CHpCHy
NMR:
e (274) ,H-—- 0
Mags:
NMR¢
194, C, P H,, N0, _ §00CHeCHs -
66
1012 12‘ h-0C(WTy
IR: (175) (FoN) sco- goc
Mass: COOCHpCily .
MR: (175)
F18: -24.7, -NFp
A 195, CyFy2Hinly o0 ca5 Qxc
; FaN-CH—-HbNFa
! IR: (274)
Mass:
;! ) MR
,l Hl: 4.02 T, triplet, J = 18 cps
i o 5.50 v, doublet, J = 12 cps
i Yl B
Fi8: 26,7, -30.2, ~32.5, -33.7, -34.2, -37.3 &,

198,  CyoFpHioly4014 ) NOp NOp .
CHp ~N~Clip-{-CHp ~0C (NFp )
NO

h IR: (179)
: Mass:
MMR: (179) ’
Hl: 4.50 7, singlet, -CHyOC(NFp)ga
4.90 7, singlet, -C(NO, )e-crna N(NOp )-
5.88 r, singlet, -CHy-CHp-
¥%: -25.0 ppm, singlet, -NF,
197, CyoF1ol1gNg0p (FoN)3C0-(CHp )g-OC(NFy )3
IR: (179)
Mass:
MMR: (179)
168
f
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197. (Concluded)

Hlt 8.0 - 8,7 7, internal -CHp-
5.8 v, -CHy~0C(NFp)x

188, C11FpHaoNeOg (Callg OXCNH ) CHCH(NF, )NHCOOEL

IRt (27N4)
Magn:

NMR:
¢o.

7N
199, Ci1oF10H1 gN1601 ¢ (NOQ )3CCHQ gc}m’g-
. FaNCH === CNTp
IR: (274) 2
Mass:
NMR:

200. CyxFeHygNa0s NFp, NFp

IR:
Mess:

MMR: (453)
0~g-06H5

20L. Cy5FghppligOg HC[ N(CH,NF, )C00C,Hs ) s

IR: (274)
Mass:
NMR ¢

(Hp O XC(NFp)z § CHp
IRt  (175) HO~ Clip - CH~ 0= 8- G~ G C~ 0- CH- Gy 01
Mass: CC(NFp )= '
NMR:

202, Cy4FpeHyaNy00 - C(Fp )z g{(m‘a )z
H

203, C) Fu.H eMa0% (FQN)SCO-CHQ-CH-O CHp
(FoN)5C0-CHy -
IR: (166) (NFg )5
Mass: 2
NMR

co
204. C1gF1pH16N1002 CoHsl \1}TCHM“2‘
FoNCH— H-CNFp
IR: (274)
Mass:
NMR:

169
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H

204.

205,

206.

207.

208.

209,

210.

CONFIDENTIAL

CygFypHigly ot (Conoluded)

uly 8.95 r, triplet, J = 19 aps (CH)
8.4 +, quintuplet, J = 8 ops- (CHg)

F19; Indintinot spectrum due to solubility difficulties peak -29.9 8§
Cy 81 gtasNe O (Mg )g00(CHp )160C(NPR)s  CpHg
IR: (180)
Mass:
NMR:
ClpDeNOy 1 DINOx +20G10,
IR: (121)
Mass:
NMR:
ClFpN NF,Cl
IR: (518)
Masa:
MR
C1Fx0 ClFz0
IR:
Mess: (425)
MMR: (425)
C1F,*(?) cir,*
IR:
Mass:

TMR: (76)

719, .271 ppm, in AsFs soln, broad
-265 ppm, in Br¥g soln, doublet

IR: (423)

Mass:
WMR: (423)

170
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RPN Lot

o tporl

- et

Qll.,

212,

213,

214.

217 .

218.

| CONFIDENTIAL
C1rg (1P

TRy (359)
Mans:
MMR:  (420a)

CLHg NOg NH, 0104

TR: (100)
Masss
MR

Clog €106

IR: (534)
Mess:
NMR:

TR: (121)
Mess:
NMR:
Clp0p ' Clal2

IR: (533a)
Mass
MR:

. FNO FINO

IR
Mass:
MR: (420a)

FNO, FNOp

IR:
Mess:
MMR: (4208)

F1810y NOsFL8
IR: (284)
Mass:
NR: (284)
F19; 221.5 ppm downfield from CFClz

17
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els,

S——

220,

fel,

223.

224,

225.

226.

70

IR: (532b)
Mass:
MRt

FOy

TH: (532b)
Masot
NMR

TO,
IR: (532b)
Maus:
NMR ¢
FuHN
IR: (232)
Mass:
NMR:
FpHzNO
R: (232)
Masgs:
MR
Fa02
IR: (263)

Mass:
MMR:

Fa0q

IR: (532b)(263)

Mess:
NMR:

F2 04
TR: (532b)

Mass:
NMR:

CONFIDENTIAL
O?F

OzF

04 F

‘HNFp (solid) at -160°

HpO.HNFp solld at -160°

0xF2

Oz¥a

04F2

172
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IR: (379)
Maas:
MR

FylNO

IR: (121)
Masgs:
MR

9. FyNy0,

IR: (121)
Masgs:
NMR

Fss'b
IR: (e9)
Mass:
NMR:
FgNort
IR: (571)
‘Mass:

. NMR:

FglioPt

. IR: (571)
Mess: -
NMR:

FeNaOePt
IR: (517)(513)
Masg:
MR
FglNy05 Pt
IR: (571)

Mags:
NMR ¢

173
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e85,

236,

237,

238.

239.

b 2 0) o A

IR: (570)
Mass:
NMR:

F{GNSb il

IR: (477)
Mass:
MR: (477)

1180

IR:
Mass:
MR (479)

F |‘!.. o
14N28b2

IR:
Mass:
NMR: (490)

USSR
IR: (330)
Mass:

NMR:

SR e
PRI

g

S Xt ';:.'

LUTMDENIAL

174

CONFEBONTHAL

N2F4.23b3'5 complex

[

HpOp
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Reaction Motors Division, Report No. RMD 5061-Q4, Contract No. NOw 65-0430-c,
December 1965,

Reaction Motors Division, Report No. RMD 5061-@Q5, Contract No. NOw 65-0430-c,
March 1966,

Reaction Motors Division, Report No. RMD 5061-F, Contract No. NOw 65-0430-6;
October 1966,

Reaction Motors Division, Report No. RMD 5073-Ql, Contrac¢t No. NOw 65-0575-c,
"Advanced Tropellants for Prepackaged Liquid Engines," August 1965,

Reaction Motors Division, Report No. RMD 5074-Q1, Contract No. NOow 85-0575-¢,
"Advanced Packaged Liquid I'ropellants Research,” 12 August 1965.

Reaction Motors Division, Report No. RMD 5073-Q4, Contract No. NOw 65-0575-c,
"Advanced Propellants for Prepackaged Liquid Engines," April 1966.

Reaction Motors Division, Report No. RMD 5073-Q6, Contract No. NOw 65-0575-c,
October 1966.

Reaction Motors Division, Report No. RMD 5073-Q7, Contract No. NOw 65-0575-c,
January 1967.

Resgearch Institute for Advanced Studies, Semi-Annual, Contract No. DA-01-021-
AMC-12596, "Oxidizer Research," January 1966,

Research Institute for Advanced Studies, Final Report, Contract No. DA-01l-
021-AMC-12596, January 1967.

Research Institute for Advanced Studies, Quarterly Technical Report No. 3,
Contract No. DA-31-124-AROD-203, "Theoretical and Quantum Chemistry of N,
0, F Compounds,”" 9 January 1965.

Research Institute for Advanced Sciences, Quarterly Technical Report No, 4,
Contract No., DA-31-124-AROD-203, April 1965,
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373.

374,

378,

376,

371,

378.

379,

380.

381.

3ga.

383.

384.

385.

386.

387.

388.

Research Institute for Advanced Sciences, Quarterly Technical Report No. 6,
Contract No, DA-31-124-AROD-203, October 1965.

Research Institute for Advanced Sciences, Quarterly Technical Report No. 7,
Contract No, DA-31-124-AROD-203, January 1966.

Research Institute for Advanced Sciences, Quarterly Technical Repert No. 8,
Contract No. DA-31-124-AROD-203, April 1966.

Research Institute for Advanced Sciences, Quarterly Technical Report No, 9,
Contract No. DA-31-124-AROD-203, July 1966. '

Research Institute for Advanced Sciences, Quarterly Technical Report No. 10,
Contract No, DA-31-124-AROD~203, October 1966.

Research Institute for Advanced Sciences, Finasl Report, Contract No. DA-3l-
124~AROD-203, March 1966.

Rice University, Progress Report No. 7, Contract No. DA-31-124-AR0OD-110,
"Research in Fluorine Chemistry," March 1965.

Rocketdyne, Report No. R-6180-1, Contract No. AF 04(611)-8550, "Investigation
of Liquid-Metal Hydrides," May 1965.

Rocketdyne, Report No. R-6180-2, Contract No. AF 04(611)-8550, August 1965.
Rocketdyne, Report No. R-8180-3, Contract No. AF 04(611)-8550, November 1965.

Rocketdyne, Final Report No. R-6475, AFRPL-TR-66-76, Contract No. AF 04(611)-
8550, May 1966,

Rocketdyne, Final Report No. R-6312, AFRPL-TR-65-216, Contract No. AF 04(611)-
9070, "Development of a Light Metal Hydride Hybrid System," December 1965.

Rocketdyne, Quarterly Progress Report No. 5372-6, Contract No. AF 04(611)-9377,
"Research in High Energy Oxidizers," 31 March 1965,

Rocketdyne, Report No. R-6256, AFRPL-TR-65-172, Contract No. AF 04(611)-9377,
October 1965.

Rocketdyne, Final Report No. R-6147, AFRPL-TR-85-125, Contract No. AF 04(611)-
9380, "Physico Chemical Characterization of High Energy Storsble Propellants,”
May 1965.

Rocketdyne, Addendum to Final Report No. R-6445, AFRPL-TR-66-184, Contract No.
AF 04(611)-9563, "Preparation and Characterization of a New High-Energy Oxidizer,
September 1966,
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389,

390,

391,

392,

393.

594.

395.

396.

397.

398.

299.

100.

401.

402.

403,

404.

405.

406.

Rocketdynme, Report No, R-5803-3, Contract No. AF 04(611)-9882, "Preparaticn of
HigheDensity Light Metul Hydride-2," February 1965,

Rocketdyne, Report No, R-5803-4, Contract No, AF 04(611)-9882, May 1965,

Rocketdyne, Final Report No, R-6277, AFRPL-TR-63-193, Contract No. AF 04(61l1)-
9882, December 1965.

Rocketdyne, Repcrt No, R-6218-1, Contract No. AF 04(611)-10544, "Physicochemical
Characterization of High-Energy Storable Propellants," July 1965.

Rocketdyna, Report No. R-6218-2, Contract No. AF 04(611)-10544, October 1965.
Roucketdyne, Report No. R-6218-3, Contract No. AF 04(611)-10544, January 1966.
Rocketdyne, Report No. R-8218-4, Contract No. AF 04(611)-10544, April 1966.

Rocketdyne, Report No. R-6248-1, Coﬁtrgct No. AF 04(611)-10546, Engineering
Properties of Rocket Propellants," July 1965

Rocketdyne, Report No. R-6248-3, Contract No. AF 04(611)-10546, January 1966.
Rocketdyne, lst Quarterly Progress Report No. R-8343-1, Contract No. AF 04(611) -
10781, "Preparation of Hypergolic Ligquid Propellant Combinations," October
1965 .

Rocketdyne, lst Quarterly Report No. R-6354-1, Contract No. AF 04(611)-10809,
“Inhibited HpO4," October 1965. -

Rocketdyne, 2nd Quarterly Report No. R-6354.Z, AFRPL-TR-SGfQE, Contract No.
AF 04(611)-10809, April 1966. ' L .

Rocketdyne, 3rd Quarterly Report No.‘R-6554-3, AFRPL-TR-66-166, Contract No.
AF 04(811)-10809, July 1966.

Rocketdyne, Report No. R-6348-1, Contract No. AF 04(511)-10923, "Research in
High-Energy Oxidizers," Octcober 1963.

Rocketdyne, Report No. R-8348-2, Contract No. AF 04(611)-10925, January
1966,

Rocketdyne, Report No. R-6348-3, Contract No. AF 04(611)-10923, April 1966.

Rocketdyne, Final Report No. R-6684, AFRPL-TR-GS-ElS, Contract No. AP 04(611)-
10923, October 1966. )

Rocketdyne, Report No, R-6626-1, AFRPL-TR-66-163, Contract No. AF 04(611)-11532,
"Investigation of Liquid-Metal Hydrides," July 1966.
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4Q7.

408 .

409,

410,

411.

412,

413,

414.

415.

415a,

416.

417.

418.

419.

420.

420a.,

421.

Rocketdyne, Report No. R-6626-2, AFRPL-TR-86-273, Contract No. AF 94(611)-
115%2, October 1966,

Rocketdyne, Report No., R-6626-3, AFRPL-TR-67~9, Contract No. AF 04(611)~11532.
January 1967, .

Rocketdyng, lst Interim Report No. R-6683-1, Contract No. AF 33(615)-3694,
"Manufacturing Process for Energetic Storable Oxidizer," August 1966.

Rocketdyne, 2nd Interim Report No. IR-8-269(II), Contract No. AP 33(615)-3694,
November 1966.

Rocketdyne, Report No. R-6269-1, Contract No. DA-18-035-AMC-348, "Investigation
of Oxidizers as Flame Agents," July 1965,

Rocketdyne, Report Nu. R-6269-2, Contract No. DA-18-035-AMC-348(A), October
1965.

Rocketdyne, Report No. R-6269-3, Contract No. DA-18-035.AMC-348, May 1966.

Rocketdyne, Final Report No. R-6609, Contract No. DA-18-035-AMC(A), August
1966.

Rocketdyne, Speclal Technical Report No. R-6803, AFRPL-TR-66-318, Contract
No. F04611-67-C-0006, "Chlorine Pentafluoride Handboock," November 1966.

Rocketdyne, Final Report No. R-7110, AFRPL-TR-67-276, Contract No. FO4511-67~
C-0006, "Interhalogen Handbook," November 1967.

Rocketiyne, ist. Quarterly Rupert Ne. R-6840-1, AFRPL-TR~66-346, Contract No.
F04611-67-C-0007, "Research in High-Energy Oxidizers," December 1966.

Rocketdyne, Report No. R-6190, Contract No. Nonr 1818(00), "Research in
Fluorine Chemistry,' April 1965,

Rocketdyne, Report No. R-6258, Contract No. Nonr 4428(00), "Inorganic Halogen
Oxidizers," 28 May 1985.

Rocketdyne, Summary Report No. R-6190, Contract No. Nonr 1818(00), "Research
in Fluorine Chemistry," June 1965.

Rocketdyne, Report No. R-5883-3, Contract No. Nonr 4428(00), "Inorganic Halogen
Oxidizers," March 1965.

Rocketdyne, Annual Summcry Report No. R-6259, Contract No. Nonr 4428(00),
€8 August 1965.

Rocketdyne, Report No. R-5883-4, Contract No. Nonr 4428(00), 28 August 1965.

204

B e




P e R SRS S e T by

e ety

i

2%, Rocketdyne, Report No. R-5883.5, Contract No. Nomr 4428(00), December 1965.
483, Rocketdyne, Report No. R-5883-6, Contract No. Nomr 4428(00), Muirch 1966.

404, R&cketdyne, Annual Swmmary Report No. R=-6641, Contract No. Nuonr 4428(00),
May 1966,

425,  Rocketdyne, Report No. R-6736-), Contract No. Nonr 4428(00), September
1966,

426, Rdcketdyne, Report No, R-6736-2, Contract No., Nonr 4428(00), December 1966,
v 426+, Rocketdyne, Raport No. R-7239-1, Contract No. Nonx 4428(00), September 1967.

427, Rocketdyse, Annual Report No. R-6193, Contract No. Wonr 4506(00), "Mechanisms
" of Light-Metul Hydride Reactions,” June 1965, ‘

428, Rocketdyne, Final Report No. R-6608, Contract No. Nonr 4506(00), June 1966.

429, Rocketdyne, lst Quarterly Report No. R-6780-1, Contract No. NOw 66-0639-d,
"Verification of a New Liquid Oxidizer,” Octobter 1966.

430, Rocket Research Corporation, Report No. RRC-66-R-50(c), Contract No. AF 04(611)-
9713, "Investigation of a High-Energy Monopropellant," December 1965,
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431. Rocket Research Corporation, Report No. RRC-66-R-50(c), AFRPL-TR-66-250, Contract
No. AF 04(811)-11549, "Evaluation of a High Energy Monopropellant,' September

1966.

432, Rocket Rrusearch lorporation, Report No. RRC-67-R-04, AFRPL-TR-67-103, Contract
No. FO4R11-67~C-0058, "Development of Low Tewmperature Gas Generator Tech-
nology," April 1867,

433. Rohm and Haas Company, Quarterly Progress Report No. P-64-28, Contract No. DA-Ol-
021-0RD-11878, "Synthetic Chemistry,” March 1965.

434, Rohm and Haas Company, Quarterly Progress Report No. P-65-1, Contracts Nos. |
DA-01-021-AMC-11536, ~11606, -11040, -10037, -11660, ~11459, -11669, -11762; .
DA-01-021-0RD-11909, -12341; DA~01.-021-506-0RD-785, March 1965.

435. Rohm and Haas Company, Quarterly Progress Report No. P-65-3, Contracts Noe,
DA-01-021-AMC-11536, -11608, -11660, -11040, -10037, -785; DA-01-021-0RD-

11909, -12341, June 1965.
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456,

437,

437a,

438.

439.

440,

441,

442,

443,

443a.

444,

445.

446,

Rehm and Haas Company, Quarterly Progress Report No, P-65-5, Countracts Nos.
DA-01~021-AMC-10037, ~11040, =-11260, -11536, -11608, -11660, -11669, -12289,
-12639; DA-01-021-ORD-11878, -11909, -12341; DA-01-021-506-ORD-785, December
19865.

Rohm and Haas Company, Quarterly Progress Report No. P-66-l, Contracts Nos.
DA-Q1-021-506-CRD~785; DA-01.021~AMC-10037, -11536, -12260, -12639, -13580,
-13863, -13869, June 1966.

Rohm and Haas Company, Quarterly Progress Report No., P-66-2, Contracts Nos.
DA-01-021-AMC-10037, -11536, -12260, -12639, -13863, 138643 DA-01-021- - b
506-0RD-785, June 1966,

Rolm and Haas Company, Querterly Progress Report No. P-66-3, Contracts Nos. | -
DA-01-021-AMC-10037(2), -11536, -12260, -12639, -13863, -13864, ~1536S,
-15414, November 1966.

SO

Rolm and Haas Company, Report No. P-66-4, Contracts Nos, DA-01.021-ORD-785,
DAAHO1-87-C-0655, DAAHO1-67-C~0865, DAAHO1-87-C-~0947, DA-01-021-AMC-11037, .
~11536, -12260, -12639, -13580, -138683, -13864, -15365, -15414, ‘ :
December 1966, ‘

Rohm and Haas Company, Special Report No. SR-85-58, "Development of a New
Process for the Preparation of Tetrafluorchydrazine," April 1965.

Rohm and Haas Company, Report No. 8-59, Contracts Nos. DA-01-021-AMC-11536(Z)
and DA-01-021-0RD-11909(Z), "Advanced Propellant“Synthesis," June 10, 1965,

Rohm and Haas Company, Speciasl Report No. $-64, Contract No. DA-01-021-0ORD-
12341, "Development of a Composite Propellant,” June 22, 1965. ‘ .

Rohm and Heas Compsny, Report No. §-75,Contracts Nos. DA-01-021-AMC-11536 and ;
DA-01-021-0RD-11909(Z), "A Spectrographic Technique for the Study of Solid ?
Propellant Combustion," July 15, 1965. ‘ i

Rohm and Haas Company, Report No. S-79, Contracts Nos. DA-01-021-0RD-11878,
-11909, -11536, "The Explosive Characteristics of NF Compounds and Pro-
pellants," October 1965.

Rohm arnd Haas Company, Report No. 5-80, Contract No. DA-01-021-ORD-11909(Z),
"Burning Rates of Solid Composite Propellants at Pressures up to 20,000 psig,"
September 1966.

Robm and Heas Company, Report No. S-84, Contract No. DA-01-021-AMC-11040(Z),
"Oxidizer Miscibility Studies," August 1966.

Rohm and Haas Company, Report No. S-85, Contract No., DA~01-0Z21-AMC-11536(Z2),
"Ballistic Characteristics of NF Propellants," October 1965. - §
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447,

448,

449,
450,

481,

451a.

452.

452a. Rohm and Haas Company, Report No. 8-111, Contract No., DA-01-021-AMC-11536(2),

453.
454,
455,
456,
457.
458,

459,

460,

Rohm and Haas Company, Report No. $-118, Contract No, DA-01-021-AMC-11536,

Rohm and Haas Company, Report No. S8-86, Uontract No. DA-01-021-AMC-11536,
"Advanced Propellant Synthesis," June 1965.

Rohm and Haas Company, Report No. £-88, Contract No. DA-01-021-AMC-11536(Z),
"Preparation and Characterization of NF Prepolymer Propellants,’ October
1965,

Rohm and Haas Company, Report No. §-91, Contract No. DA-01-021-AMC-11536(Z), !
"Advanced Propellant Synthesis,” September 1865.

Rohm and Haas Company, Report No. 8-92, Contract No, DA-Ol-OEl-AMC-llSSS(Z),
"Evaluation of OPE, A New NF Propellant- Ingredient," December 1965,

Rohm and Haas Company, Report No. S5-96, Contracts Nos. DA-01.021-AMC-11536,
DA~-01-021-0RD-11909, "Advanced Propellant Synthesis," December 1965,

Rolm and Haes Company, Report No. §-102, Contract No. DA-01-021-AMC-11536(Z),
March 1966, '

Rohm and Heas Company, Report No, S-103, Contract No, 01-021-AMC-11536(Z), i
"The Properties of a New Acrylic Monomer," July 1966.
"Spectrographic Studies of Solid Propellant Flames,"” October 1966,

Rohm and Haas Company, Report No. S-112, Contract No. DA-01-021-AMC-11536,
"Advanced Propellant Synthesis," September 1966.

Rohm and Haas Company, Report No. S-115, Contract No. DA-01-021-AMC-11536,
"Low Temperature Fluorination of Lewis Bases," October 1968.

"Advanced Prupellant Synthesis," September 1966.

Rohm and Haas Company, Report No. S-119, Contract No, DA-01-021-AM"-11536,
"The Evaluation of PFG Adducts,"” December 1966.

Rohm and Haas Company, Report No. S-121, Contract No. DA-01-021-AMC-11536,
"The Role of HNO in the H,-NO Reaction," November 1966. ot

Rohm end Haas Company, Report No. S-128, Contract No. DA-01-021-AMC-13863,
"Burning Rate Studies," May 1967.

Rohn and Haas Company, Report No. 5-131, Contracte Nos. DA-01-021-AMC-11536,
DAAHO1-87-C-0655, "Ingredients for Advanced Propellants," October-December
1966.

Rohm and Hsas Company, Report No. 8-133, Contracts Nos. DAAHO1-67-C-0B855,
DA-01-021-AMC-11536, "Smokeless High Energy Propellants," May 1967.
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481,

462,

463.

463a.

464.

465,

466.

466a.

467.

468.

469.

470.

471.

472,

Rohm and Haas Company, Report No, S«134, Contract No. DA~01.021.AMC-13863(2),
(Nike-X), "Burning Rate Modifiers for Conventional Composite Propellants
Made with Polybutadiene,"May 1987.

Rohm and Heas Company, Report No. 8~137, Contract No. DAAHO1-67-C-06855,
"Detection of Low Levels of Tetrafluorchydrazine in Air," June 1967,

Rohm and Heas Company, Report No. S8-138, Contracts Nos., DAAHOl-67-C-0685,
DA-01-021-AMC-13863, "Ingredients for Advanced Propellants," July 1967.

Rohm and Haas Company, Report No, S-147, Contracts Nos. DAANOL1-67-C-08655,
-0947, -0865, DA-01-021-AMC-11536, -13864, "Safety Considerations in the
Development and Explosive Characterization of Naval Propellants,' August
1967.

Shell Development Company, Annual Summary Report No., 4, AFRPL-TR-66-39, Con-
tract No. AF 04(611)-8168, "Synthesis of High Energy Sclid Oxidizer Binder
Propellants,'" April 1966.

Shell Development Company, Quarterly Progress Report No., 10, S-13969, Con=
tract No. AF 04(611)-8168, August 1965.

Shell Development Company, Quarterly Progress Report No. 11, 8-13980, Con=-
tract No. AF 04(611)-8168, December 196S.

Shell Development Company, 4th Annual Summary Report, AFRPL-TR-66-39, Con-
tract No. AF 04(611)-8168, April 19686,

Shell Development Company, lst Quarterly Progress Report No. S-14004, Con-
tract No. AF 04(611)-11537, "High Energy Plasticizers," June 1966.

Shell Development Company , 9th Quarterly Technical Report No. S-13956, Con-
tract No. DA-31~124~AROD-54, "Fundamental Research on Advanced Oxidizers,"
February 1965,

Shell Development Company, Quarterly Technicel Report No. 10, Contract No
DA-31-124-AR0OD-54, May 1965.

Shell Development Company, llth Quarterly Technical Report No, 5-13975,
Contract No. DA-31-124-AR0D~54, August 1965.

Shell Development Company, Quarterly Technical Report No. 12 and Final 1965,
5-13985, Contract No. DA-31-124-AR0OD-54, November 1965,

Shell Development Company, l4th Quarterly Technical Report No. $-14002, Con-
tract No. DA-31-124-AROD-54, May 1966.
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Stanford Research Institute, Quarterly Technical Progress Report No. 7, Con-
tract No. AF 04(611)-9370, "High Fnergy Oxidizers in Solution," April 1965.

Stanford Recearch Institute, Annual Technical Progress Report No. 1, AFRPL=-
TR-65=-131, Contract No. AF 04(61.1)-9370, August 1965,

Stanford Research Institute, Technical Progress Report No, 10, Contract No.
AF 04(611)-9370, September 1965.

Stanford Research Instltute, Technical Progress Report No, 11, Contract No.
AF 04(611)-9370, December 1965.

Stanford Research Institute, Quarterly Technical Progress Report No. 12, Con-
tract No. AF 04(611)-9a70, February 196S.

Stanford Research Institute, Quarterly Technical Progress Report No. 13, Con-
tract No. AF 04(611)-9370, June 1968.

Stanford Research Institute, Final Technical Progress Peport No. 14, AFRPL-
TR-6G-326, Contract No. AF 04(611)-9370, September 1966.

Stanford Research Institute, Technical Prograss Report No. 4, Contract No.
AF 04(611)-9880, May 1965.

Stanford Research Institute, Annuel Sumuary Report, AFRPL-TR-65-84, Contract
No. AF 04(611)-9880, "Pormvlation and Evaluation of Liquid Propellant Dis~
persions,” July 1965.

Stanford Research Institute, Technical Progress Report No, 5, Contract No.
AF 04(611)-9880, August 1965,

Stenford Research Institute, Quarterly Technical Progress Report No. 7, Con-
tract No. AF 04(611)-9880, June 1966.

Stanford Research Institute, Final Report No. 67-0070, AFRPL-TR-67-17, Con-
tract No. AF 04(611)-9880, March 1967,

Stenford Research Institute, Technical Progress Report No. 1, Contract No.
AF 04(611)-10534, "Solid Propellant Ignition Studies," June 1965.

Stanford Research Institute, Technicel Report No, 67-77, Final, Contract No.
AF 04(611)—11547, "Compilation and Review of Data on the Sensitivity and
Stebility on NF Compounds: A Handbock,' March 1967.

Stanford Research Institute, Special Report, AFRPL-TR~67-88, Contract No.
AF 04(611)-11547, "Review and Evaluation of NF Sensitivity Problems,"
March 1967,
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486b. Stanford Research Inatitute, Flnal Report, Contract No. DA<31-124-AROD-324,
"Thermochemistry of Tricyanomethyl Hydrocarbons," Avguat 1965,

485¢. Stanford Resegrch Institute, Final Report, Contract No. DA-¥1-124-AR0D~220,
. "Research on Metastable Species in Atomlc Molecular Beams Produced by Charge
Transfer," September 1965.

487, Stanford Research Institute, Quarterly Technical Progress Repert No, 1, Con-
tract No, FO4611.67-C-0002, "Synthesis of Energetic Oxidlzers," November
1966,

488. Stanford Research Institute, Quarterly Technical Progress Report No. 2, Con-
tract No. FO48Ll1-67-C-0002, February 1967.

489. Stanford Research Institute, Quarterly Technical Progress Report No. 3, Con-
tract No. F04811-67-C-0002, May 1967,

489a. Stanford Research Institute, Technical Progress Report No, 65.2, Contract No.
Nonr 3760(00), "Sensitivity Fundamentals," March 1365,

489b. Stenford Research Institute, Technical Progress Report No. 65-3, Contract No.
Nonr 3760(00), June 196€5.

489c. Stenford Research Institute, Technical Progress Report No. €5-4, Contract No.
Nonr 3760(00), September 1965.

490. Stenford Research Institute, Technical Progress Report No. 66-1, Contract No.
Nonr 3760(00), December 14, 1965,

490a. Stanford Research Institute, Technical Progress Report No, 66-2, Contract No,
Nonr 3760(00), March 1966. ’ R

t
i '
[

490b. Stanford Research Institute, Technlcal Pfogresa Report No, 66-3, Contract No,
Nonr 3760(00), June 1966. o

491.. Stanford Research Institute, Quarterly Technrical Progress Report No. €6-~4,
Contract No. Nonr 3760(00), October 1968.

492, Stanford Research Institute, Semi-Annual Technicel Progress Report No. 67-1,
Contract No. Nunr 3760(00), April 1967,

493, Stanford Research Institute, Technical Progress Report No. 10, Contract No.
NOw 64-0207-4, "Synthesis of High Energy Oxidizers," April 30, 1965.

494, Stanford Research Institute, Quarterly Technical Report No. 11, Contract No.
NOw 64-0207-d, June 1965,

495, Stanford Research Institute, Technical Progress Report No. 12, Contract No.
NOw 64-0207~d, September 30, 1985.
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496,

497,

498,

499,

500.

501.

502,

503,

504,

505.

506 .

507,

510,

510a.

Stanford Research Iustitute, Tuchnical Prcgress Repert No. 1%, Contvact No,
NOw 64-0207-&, "Synthosis of High Energy Oxidizers," December 1965,

Stanford Research Institute, Finel Technical Progreas chort No, 14, Contract
No. NOw 84-0207-d, March 1966,

Stanford Research Institute, SemiFAnnual Technlical Suhmary Report, Contract
No, NOw 5-0283-d, "Evaluation of the Wenngrad Test SIRR,' Octover 1968.

Stanford Research Institute, Quarterly Technical frogress Report Ne, 15, Cone
tract No, NOw 66-C362, "Synthesis of Nigh Energy Oxidizers,” June 1966,

Stanford Research Institute, Querterly Technical Prngress Report No. 16, Con-
tract No, NOw 66-0362.4, "Synthosis of High Energy Paopellant Ingredients,”
Qutober 1966,

Stanford Research Institutg, Quarterly Technical Progresn Report No. 17, Couts
tract No. NOw 6G-0%62-d, December 1966,

Stanford Research Institute, Quarterly Technical Progress Report No. 18, Con-
tract No, NOw 66-0362-d, Apri) 1967, ‘ ‘ .

Stanford Research Tnstitute, Technical Progresa Repart No, 19, Final, Con-
tract No, NOw &6-0362-d, June 1967,

Stauffer Chemical Company, 2nd Annuvel Report, Contract No. Nour 4019(00),
March 1965.

Stauffer Chemical Compeny, Quarterly Techniéa1 Summary Repcrt No.7l,‘00ntract
No. Nonr 4019(00) "High Encrgy Oxidizers," April 1966,

Stauffez Chemiﬂal Company, Quarterly Technical Summary Report No. 2, Lontract
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