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A\ The exciting world of high nitrogen
\j chemistry
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T\\* j Why Carbon forms polymers and v@ & / N-F Compounds
Y Nitrogen does not? W v
* All the energy must come from endothermicity, and sensmvuy typically
increases with endothermicity ® N-F Compounds
* Basis for high energy content is the large differences in bond energies
Carhon hond enthalpios Airgen bond enthalpies
cC 85 kealimot NN 38 kealimot
CC 143 keat/mol N=N 100 keatmol
GG 194 keal/mot NalN 226 kealmol
((HC<CH)a +34 HC:CH (-N-NJ.. 88 NN
854143 — 14 3B+ 100 — 226
stable polymers, unstable polymers,
unstable monomers stable monomer
This is the reason why N-N polymers don’t exist
s ot PO g i ebetags pos . P PRSI s i iy plals e S o v AP .




*\ What is So Unusual About the Ny 7 \ /’ Selection of Suitable Starting
7 Cation? Nz Materials for Nt Synthesis

* Requirements:
> Starting fragments must have relatively weak bonds
» Must have formal positive charge (first IP of N, = 359 keal/mol)
> Coupling reaction must be endothermic

> Sultable solvent must be used as a heat sink and for stabilization

* |deal candidate system:

/ N \ +
Va AN
N \N/ \_':”
AsFg AsFs
) : A Approvod or T . ’ " x ;
[ ERLA Lihrraon 8 Adcomrsn 18 Soiub AV Indeahean] Sl i v clurnd dpoedy o Sl fuSiowinta B el 7 Sy Chmbcnt fgmanty o Gaide YV bt uSenat St 1 Oanaogal Arists of Gotote Tusbryiesy Poesdt o
Fluorodiazonium Salts: Crucial L .
\./ Right Tools for the Right Job
>
Soda-lime F, scrubber
'y i} .
NFAEe + NaF —E—= CieNF, ;
;
3
cis-NaFy  + SbFs —HE—= N SFg i €
NoF*ASFs + HN, —me™  Ni*Aske
Stainless steel, Teflon-FEP vacoum line firted with Holie® valees and a Heise gouge
Yrds pranls Oneviuion A: Apcreraed Fa Pl © Untownd . Thes bae 1 Dertrbutzon A: Angroved lor i
et 201 £ tenspen) Armorait o Gedutt X bt snebaion gt €1 hond vt ki i ANpwels 78 Sty Wigpars BOjvet 9 Lays s st gt Ressoean o kel MU einatonet 9 1 o i s zs Potiad n

L
\j Reactions of zrans-N,F, with SbF;?
bS8 T

y Using “inert” organic solvents

Before recrystallization After recrij;;t‘éli‘i;ation
7 . B . , e

g NjF'SHF
=

trans-NoF; +  SbFg =65

e AT

Using “inert™ anhydrous

solvents such as methylene
chloride (CH,CL,) or
aceronitrile (CH;CN) may not
4 1rans-NoFy SIS, e 4 B o+ 3N be a good idea for NJF* or N
[S0Fs) compounds

Mechanism SbF| ~659Cradays

NE,*SbyFy¢"

Tris pisgo s DistdLeen A Ay
Y

Lty 0, 0 G o o ke o <A VA batacs Jereet S 3t gy 2ot Ko md A i 0 o ki sorogte




\ ¥4 Recrystallization
ﬂ;’

» HF is used as a solvent in most of the cases. It can be
removed from the reaction product ar low temperature:
useful for thermally unstable compounds.

» 502 can also be vsed, if there are no compatibility issues.
Sometimes complexation can be observed, ie. Cs azide

» Mixtures of SO2 and SO2CIF can be used to alter
solubilic 'y, Le. N5+ is very soluble in SO2 but not much
soluble in SO2CIF. SO2b,p. = ; SO2CIF (bp. - ). SO2
evaporates first resulting in reduced solubilit Y

T luv(ycal)lr'bobmﬁ fppvoved ot P Tidoaro, Dstoxsontdnten
X 1 ety

T - o et
Y y
N Hungry for cryoloops?

£
. =

Conract from the oxidizer can chew up the cryoloop. in
this case, the crpstal can be embalmed in Kel-Fgrease to
protect the Cryoloop. The erystal needs to be transported
on the pre-centered gonfometer head using a magnetic
mount.

™ Aporreed ted M’-cnd-n\n
e 20 Ltssia s Avsirvin o Grbide YA Kt o ¢ Cotiaed e o St gy Dedand Ty

7 .
‘\1;’ ( Molecular Structure of N,F'SbF," ] Qf :;i-
Cimmym
3,
n%’
203 K
s ent st e e R e B e e e ey Py -

(\/ Mounting using LT apparatus
i i

> Specially designed dewar vessel where crystals are loaded
into a glass lip under a clod nitrogen gas flow. The
mounting is then accomplished using PFPE oil and
Cryoloops.

> Useful for thermally unstable material, and compounds
which are liquids at room temperature.
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4 - -
\\\J l Ball and Stick Representation of NF,'Sb,F"
w0

The Structure of NF*Sb,F,,"

v’ The crystals grown from HF

v’ Monoclinic space  group P2 /.

v’ Cell constants: a = 17.968(2) A, b=
17.939(2) A, c=14.0693A; 8 =
90.143°

vZ=16

Y R=0.0497

Average N-F distance = 1.281(2) A

4 ion Pt of NE, ' Shyby fourd in the asytmeric unit

The N 1 honcd elistance has been extimated tobe 131 and 132 A from s geneeal vadene foree
[ickd andd ih initis cakeulations.
* Christe, l\ 0. Spectrochim, Acta, Part A1986, 924, 939 and references therein.
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\ 2 ry -
\ l \ [ Experimental and Calculated N-F Bond Distances A)
-« . gy
S —————————enma ™l T T i e e i — — -
" Uniteell dimension A) P r o +ror)
Lo, - Moeodisie C.L NFAE L0 1217y 231602
#=7.5592), b =9526(2), ¢ =1410302) NISHE; Q.o o230 234009)
RN NIShF, 1.089 (9 12578 23469
Volume (A%) = 10432(3) ,Z=4 Nt 11038 12461 23195
Calcylnted
DF [ReT 1248 2368
Theta(max) =25.34°
3 3
RI* = 00388 LDESY L 1236 2347
R 00903 LDFS> 1.106 105 2331
s = 1222 SCFE31G* 1072 1210 2312
* AUDsa MP2631g*  LI3S 1256 2304
* Clriste, K. O3 Wikos, R. D.; Witson, W. W.; Bag, R.; Sukumor, $.; Dixos, D. A J. Are. Chews. Soc. 1991,
113, 1991, %% Bowschwin, P; Sebold, P.: Bogey, M.3 Demuryoch, C.: Destombes, 1. J. Mol. Spectrase: 1992,
153.255. .
. Obiained by partitioning the experimentally sbserved sum In the same ratio a1 thel calculated of the LDFS2 level.
b, Scaled velues wting the scaking fo  from valwes of FCN
¢. Scaled valurs using the scaling. NE.j forthe N-F bond and those found for N, for the N bond.
Appeovod for 5 T, i . DreSEtion At Ao vt bor Fike R wd
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L
\,;’/ [ Conformation of the Sb,F; :‘}iﬁon

&/ I Shortest Known N=N Distances I
©r

Compound N=N Distance (A)
N, L0976(2)"

N, (radical) 10927 2

NoF* (zas) 110343
NEShE, 1,089 (9) *

1. Owrusky, ). C; Gudeman, C.S.; Martner, C. € Tack, L. M
Rosenbaum, N. H; Saykally, R. ] /. #hys Chem. 1985, §Y,605.

2 Botschwina, P. Chom PAys Lett. 1984, 107,535,

3. Botschwina, B.; Scbald, P; Bogey. M Demuynch, C2
Destombes, . J. Mol Speetrase. 1992, 153 255

4. Thiswock.
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Fluorodiazonium Salts: Crucial

Y 2}
\:;4 | Conformation of the SbyF, Anion mN?Ibe{F “-} Intermediates in Polynitrogen Chemistry (’;\\1 _

Synthesis of N,F* Salts

Cio + AsFg. ———  CyAsFs
w1011
C,AsFs  + NoFy ———= trans-N;F,

nuneea

Staggered Conformation showing the ewist of the two equatorial Sb-F groups at
an angle of -31% The SbI-F7-Sh2 is bene ar M5.2(2)"
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Actual Synthesis of Nyt AsFg~

\ 4
Q>

® Reaction system worked as planned:
HF
NoF'AsFg™ + HN; — Ns'AsFg + HF
-78°C
» High yield
» Only byproducts were 20-40% H,N,*AsF,~
» 2 mmo! (0.5 g) scale

® Properties of N;*AsFg ™
> White solid
> Sparingly soluble in HF
»Marginally stable at 22°C
> Highly energetic
» Reacts violently with water and organics
» Calculated AH, (298°C) 351 keal/mol

v 0w P ey et B e Ny

The Taming of N5 SbF;~

1 94
g

*® Desired a more stable N;* salt

¢ Prepared Ng*SbF™
HF
NoF*SbFg + HNy — Ns*SbFg™ + HF
-78°C to RT
* Properties of Ng*SbFg™:
> White solid
> Stable 1o 70°C

» Obtained in high purity

> Does not explode at 150 kgecm (impact sensitivity test)

» Exhibits all the stilt missing vibrational bands with the predicted frequencies
> Soluble In 8O, SO,CIF, and HF
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\ j The need for caution dealing with high
3 nitrogen compounds

Avprovad b Pubb Fotoac, U
0. 200" it A 8 il YR ol naho et et o St Ao p Gl B ks g Btint

Structure of the Ng* Cation

The Structure of Ng*Sh,F,,-

¥’ The crystals grown from a mixture of
S0, and SO,CIF

v Crystal belong to the Monoclinic space
group C2%.

¥ Cell constants: a = 10.913A, b =
12654 A, c=16.675A; § = 104.72°

vZ=8

(‘:&ENm.zow. 78,4t
v R=0.0678

- Inter-ionic Clipping!
The Ns' cahon fits into the Sb,F, ;" bend thus locking it, thereby precludng any

. .~ “possibifities of twisting -
T moe u m:«:utm A Mprmm: for Publio Heterse, Distnisition Urémaed
2bes ot PRI pr Ay AN e o oy i T ) 2




L 2 . & Unexpected complexation of SO, with
Geometry of the Ns* Cation E? Y ' P 2
\,j v s & \...Z the azide ion in CsN;
V-Shaped Geometry = ‘. — : "
! ﬁ\ ™
R A

1l i
Vi. Wilson, Vi, Tham, Sheahy & Christe, N2 makes contacts at 2.723 and 2.768 A
J. Am. Cham. Soc., 2001, 123 6308-6313 N4 contacts are at2.887 and 2.814 A
C&E News, 2000, 78, 41
Tias pags w» Dlstrbiotion A Appeoved for b Fledoar, Distduson Ul - Th page b Eaatution At Apfacarrd toe Prdstis Flelease, DiguBbuton LUntmited
YD 20U onrer 28 Aeraear, oo Foshals XV) kv il £ on g o6 Shisdortd bronsts o ilas fodudens Pt 3 b ) G pimhond Aoyt o St AN puzeynnat Sotvot v oyt Arprchy o Srtale Tudoaany P 23

\ NOF;* cation case

NOF,*

Disorder

Due to their similar space requirements and electronic
configurations, oxygen and fluorine ligands in oxofluorides
are frequently disordered, particularly when the central atom
lies on an intramolecular rotation axis.

1 Brtrindon
x BN 9 0L S rny 1 eiuen 14 Rariste 3V I gl Caeld gn gt

o) Fir e o) S Bowsinde B4yl

Tris paza ks O A: Apsteose e Bt Ty 3
dben 0t £yt Aresa o Sedobe YA Ikt e oy kot § Negiorte o4 £t Kigionns brtand

& . & . "
\j The NOF,* Cation Case.... \j General approach for treating disorder
“wv wr =
Plot of X and X-F distances versue XF occupeney  {e For a lincar C., structure,
The Structure of NOF,*AsF," : FXO, midpoint is at 50%
: ) occupancy (plot a)
v The crystals grown from HF » For a trigonal C,, species
v’ Monoclinic space group P2,/n F,XO0, cquilibrium point is
weighted for the two types of

v Cell constants: a = 7.513(2) A, b= atoms i.e., 2F and 10 (plot b)

8.083(2) A c=103142) A: B =

107.46(2)°
V Z=4 * Plot ¢.shows equilibrium
bond angles for equal
v R=00372 occupancies for two Fs (2/3)
V' Refined oxygen occupancy in NOFz and O (1/3)i.c., 120°. Also
cation is 55% angle F-X-0 = (1/2)(360-
angle F-X-F)
%F Ocoupancy.
Thin e 1o Diskintion & Aonra s e Pabobe Firl Sniad Trie pagts I DEB RGN A: Approved 1ot Putie Fetease, Drntongion Unkiaund
ot 0 0 Gt hant Actgnte o S NV babars gt bl o Creey b s 23 Weinot 33 | nevo st St Aty ot Seode X7, o a1 ot tsbene 1 kil Blatowder | Polhnd 25




< N . ,
\/’ Results of Geometric “Extraction”
R

pASE

alculated Experimental
S| “A > Method
6314G(2d)*, VIZ

N-O(A) 1129 1137
N-F(A) 1312 1305
ON-F() 1258 1256
FNF() 1084 1088

R{(wR2) (%) —

‘I'hmmdmmthﬂhay-hl m)dmdFNO‘AsF,.mnm-dfmm

s in very good pr
2 P b Do A Ropioim o 1o ez, Bivbion Urssiod
SV AONE ek, .,aAw..A-'.rt dr WYL RS sonWewiAl Svant pe irretiteat 820 sidn 0F Sedude Rintnaingy Folred ke

j Characterization of reaction product:
‘:;. Theory & expenmentat:on symb:os:s

"\ y The disordered NOF,* cation case.... @»
= Extracting the “true geametry &
PR R TR N i e K ey 1254 Rules for refining occupancies
Ryl .
o i 1. Sums of partial occupancics
o™ | for O/F at any site is restricted to
| oNE.
12, Thc total Ooccupancy equals
o e oenapaner * 1 ONE and total F occupancics
supancy
cquals TWO.
130 Plot of F-N-O and F.-N.F versus %F occupancy
LR
E 60T~ Lo ZRNF
120
i we] <™ \;_510!&‘ ) ) Refingd Occupancies
Foe Y s F/O =77 and 78%
05 3 O/F = 45%
B0 L4 kg 80 00 100
¥F Occupsney it
4 " -
» N3 cation case
g
*+ Cati
N5+ Cation
e PO e bty o O vy ety T »

Vibrational frequencies (cm“[

Yaym _ Vasym  Obend
Cyclic 15221550

{<N-N-N = 60.0")

Linear 1170-1426 2751307 307-426
Bentt 4340)
(<N-N-N = 120.8)

(<X-N-X = ~105")

Vibrational frequencies have a large range and are not very refiable,
. hhchm-lwchlm of N,» cation very difficul.

I -
Raie, Y eVl ot o Bahred Aty 2 B Behige Bt vl

A Characterization of the reaction
\“

. ‘\/ AZIDES

S0 o0 i ot Agnats o 6 S bt Junegt Somnd o S

Y pmduct...contmued
Vibrational fr_‘guencles (cm“[
Yavm Yasym Obend
NF? 1304 1217 722
(<F-N-F = 107.9"; N-F = 1.25A)
l NF,* cation could not be synthesized I
Cakculated =3 ‘H,NF, 106 1062 523 ]
[(FN-F = 1097 N-F = 1,344 R
- (o]
e H...F bonding from $bE -

E [

HF simulates crysta! packing

,NF,‘(ZHF) -

‘nnfomuhon oiNH,F;&F} isprobsb'ycnlmdbyHFaddiﬁon to an intermediate Lewis

A: henround

rqonrMmcmin HF frea systems.

METAL
AZIDES




& 2/ Reactions of Group 15 halides with & ‘
\,’4 Trimethylsilylazide \%g Structure of As(Ng); .

Crystalline binary metal azides were obtained upon reacting
the corresponding metal fluorides with TMSN;. These
compounds were reported as either liquids or tacky solids by
Klapoetke et al.

One of the azide groups N7-N8-N9

Me,SiF o dogr
MF; + Me;SiN,g piaicird M(N3), estroys symmetry

These solids could be sublimed under vacuum to yield
colorless diffraction quality crystals with no incidents of
explosion or thermal decomposition

Piws oy A Approved Tra (g e Drstivstion e P datie Redsasn, Dhst eution Unkonied
ity i 4 stygrein gt A e o %ty YV Whgan sl 62kt n Sotaeard Aoty of vt Boobeinon Byt a3 ey 20N Sprphard fapacts ol SoAs YV g £y Secaral Sene sty of Salo)r Bipinatasy Prisat M
& Observing “normal” N-N distances in
\\_/ Crystal Structure of Sb{Ny); &j g
< 29 Sb(N;);

All azide groups oriented in &
propelier-like fashion

View down the three-fold axis, all azide groups equivalent
Example of perfect C, symmetry

1 y .
1 tvarae ot Gty V) et psials of Sy Hobiwiats Dot 2
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&/ ~ How appealing are these structures?
-«

\.,?’ The Art in Crystal Structure of Sb(N), \@s

Recognizing : Islc of
National Symbol:

e fcoocd tomnes

“Star of David”
Perspective

“Thin e s Dials Pt A ACEnows we Pubibe W, hed
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j Reactivity of hexachloroantimonate (VI) §
wrth Tnmethylsnlylaz:de &

Tha pes A Approved
D 20U S 8 pt vt 8 Bndts HO bt AR S nad 34 nobiend Kianis of Skt Buntownsa Borad

-Me;SiCl
[Ph,M][SbClg] + Me,SiN, af—c-N [PhyMI]{SbClg_x(N3),]
603°C MeP, As; x =26

v'The substitution of all the six chlorine atoms in SbClg" -
by the azide groups could not be accomplished in a single
step, as reported in literature. The stepwise substitution
gives a good insight into the substitution mechanism.

v Total substitution was achieved after four
“refreshment” cycles of the reagents. During the
intermediate cycles, the azide content gradually increased
from two to five.

J Episode I...Generation of the starting >
material &

1,2-DCE
PhMCI  + SbCly —  [PhyM]ISbClg)
M=P, As

e

o
Clh.,“. T _,.t"'Cl

Sl

Cl

i prgels Crkiion & Agpmoet by ok Raanss, Orbsion Untnend

ity 8 pomy St ho e seneein g o e Qe Aticsrte 24 sett Digiissn Bedsnd o

j Episode Ill...Substitution of 3" chlorine...
fac- or mer- isomer ???

fac-SbCIy(Ny),

men-SbClyNy)y

s 2
Addressing abnormalities in azide
\:;,/ distances

M-N--N;: -N,

v For covalent metal azides VB theory says N,-Nj >
Ng=N, : However a large number reported structures
havc unusually short N.-N; (0. 8- 1.0 A) and long Ng-
N (1.2-1.4) distances.

v In most cases, these derivatives were prepared from
metal chloride salts and/or recrystallized from
chlorinated solvents — culprit?

T paa s Drstuion A: Aopioved s Ll Recane, (igubusion Urbeead

A aong Gt £ ante o) e YV Ratovial St ovs S uiea) Brs et af Bt Rlabratesy Peinnd

\ J Episode ll....cis- or trans- disubstf'tution
o' with azide groups ?

e

v 0 one Semdasi Ay ef G e

Ti¥ paas v Diad ibubon & Astegued o P i, Dauben Ui
oo pimeep? Gkt e Brritiat Dpiess Bime L)

. . —-'9 o o N3,
Clu,'“ T‘ ",.gCl Cl‘l...“ I .'.,.nCI

N; N3
cisisomer trans-ivomer
T s & B s R o P T, Dot e
e ot Srtiog pxpeme i ”. it ot A Hodinge Btivt 3

§§ / Episode IV...Capturing the “transition
A state” during the fourth substitution!

e

|
Nau,, T Cl

N N,
N3

| Cis-vs. trans- substitution |
<]

|
N3'"h.. T _.',.|IN3

N Ns
Cleuse

e & et Cniectarpt &




*\ / “Abnormal” behavior -
respecting the “residuals e

»

The Structure of PRPSbCIN,);

v The crystals grown from CH,CN

v Triclinic space group P-1

v Cell constants: a = 11.134(3) A, b=
11.663(3) A, c = 13.754(4) A o=
104.314(5)% B = 97.914(5)% y=

115.807(4)° 1190 A
v Z=2 ISR
v R=0.0762 Orthorhombic, 22,22 Calculated Structure
v’ All azide distances *normal” except R - 319%, § - 1084, highest peak - 0.58 /A%,
Flack's parameter = 0.0X1
N1O-NT1-N12 l ke parameter - 000
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\ j Episode VI...Complete substitution of
& Normalizing “flawed” N-N distances \m” Shlonine atoms
1.127(1;A
N, © 122200 umoh
(A

NS'"m..,. I " v""'N3 /m 20850) A, ok

S ,e ¥
N/ N, m“m/& 192015 A

1108 A f1 253 A N 1.z:o(n)A
1256 A L 3
11199 A
Calculated Structure
NI-N3 « 10; N4-N6 = 16; N7-N© « 16: N10-N12 - 37
R~ 3.00%, § -« 1003, highest peak - 0.57 /A
s iy T b —— svn o qen gy D Ayt b B o i .

\ J Use of Aryl Diazonium Salts —-
e A Better Bet!

O O /"\54 O
R: X —— R ——-> M* Ng +R X
« R must be an electron releasing group, i.e., -NMe,, -OH, -OCH,,

0 R G A N IC -OCgH,,-0r, ete.

« Some of these substituted arylpentazoles have been known for about
four decades but Ng™ anion has not been isolated till date.

AZI D ES Aryl Pentazoles can rapidly lose N, at room temperature

(4 AZIDES

or PR Heleass, Dav Bl Urivtd e pag0ts Qv & Appinyed ot Puto Retense, Di tekdion Unnsod
s St gt it A A $grmratnes i Seh mur Stasu y asmasen ot BBt Digosios ) Paturd "

e o T At gt Sokds Drieatr g Brivea

s nmnmniw«x
a9 o gt nt Aznorde o G NUTber
Lot




Iy
\Z Crysml structure of 4-Hydroxyphenylazide ¢ \j Synthesis of Aryldiazonium Salts
hd e

Aqueous Media

D NaNOzIHCl D
R-—<: :)— Np*Cr Nabi N;*BF,
The thermal decomposition of 4- <0 ‘C

hydroxyphenylpentazole (4-HPP)
results in the loss of N, gas and the
formation of 4-hydroxyphenylazide.
The “two” hydrogen atoms present
on the p-oxygen atom are
disordered.

%/‘5‘? [ =M, oH, OcH,, OC,K, OGHN,, NiCHy), |
N

D bag a Aopenod tet P i
19 Shgeny Aspant e P A Faihte b s ah oot G Bt 2l 20 o Szt

- 3 ?
ﬂ\ / Synthesis of Aryldiazonium Salts...Non Y J Single or Double Diazonium Salt *

Ueous s thes:s Consequences of Lone Patr Occu atlon' 3
@
" N . We DO NOT find any trifluoroacetic acid double satt. In fact,
Non-aqueous Media such a double salt would kill the pentazole formation

xsoamyl nitrite
N;*CFCO0
CF3COOH

CH,Cl

CRLO00"
> Colas and Goeldner reported that the IN2'CF4C00". CFiCO0H

p-phenoxydiazonium trifluoroacetate to

be a double salt. However, our results

show no such behavior. In the case of

a double salt, the ~OH group can get
protonated which prohibits pentazole HO
formation!

CTolas and Goalkdner, £, J. Org. Chem. 1999, 1357-1366
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Crystal structure of 2-Diazo-4,5-
“r d:cyano:m:dazole

\ j Pentazole Formation... ]
Role of the Substituent Electronic Effects

LaaNaNOMCY
-0 °C, ik NaN;
I.N,
" [ 22X )
Megli Ny
.
NO,

 N-N-1096A
C-N-1334,1336 A
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& Is the Peak at m/z 70 indeed due to th
\ ¥4 °

\j pentazolyiph: o of low and high
- : enolate anion at iow an ]
Pentazole Anion? \:3; vlp g

collision voltages.

. we N T [Bev
o N 205
INGTINg: . -

: j }2 Lo:lv('::m-on = T e Negative ion, full-range CID mass
SN N2 opnae spectra of the mass selected, 15N
NT Uniabeled” Ry - ” labeled (m/z 163) and unlobeled

(m/x 162) peaks due to [OCHN:
-—-E—S—> AN e vamrisgre 108 o "‘} — recorded at coliision voltoges of
MSMS Labeling experiment shows that CO is F - =75, -50, and -10 Volts. Al
\ loat in the last step spectra are mult]-channel spectra
h, Tt .4 ond the typical mass resolution and
..lw' = noise leve! are shown for the m/z

S 70 and 71 peaks in the inserts,

) CLO ) N N
High Collison ——— ’f' ™~ h\ 9] .
Voltage B = /N- -'- Unlabcked

-— - -
W ":t‘; 'u“ Iy distributed A [ “ e
statiatically dis! mi 4 R
SNy AR il P
Definitive proof for the pentazole anion
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Pentazole anion (Ny) };I—I{{
E;:Emn';‘:::;“pc’sg&"_ :‘f,;} o First discovered by AFAL researchers in N N/ N :
results in the loss ome! gas and the 2002 (Vij, Christe) using gas-phase mass /—\ &_Iomsj‘e::)
eake
formation of 4-hydroxyphenylazide. spectroscopy ) bond
The “two™ hydrogen atoms present « AFRL results were reproduced by a Nu
on the p-oxygen atom are Swedish group in late 2003.
disordered. « Chemical cleavage reported in 2003 - no
hard evidence! R
* Free pentazole has not been isolated to
date.
™ Aperenics 3 AU s Dt : Ao by 7 bt P, DBt atinite
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§ Formation of 2-pentazolyl-4,5-dicyano-
\.J imidazole

J Existence of Ng~ anion in solution:
Chemical cleavage of the C—N bond

i~Na
lw}? ) o H
5 2 <) 3 —_—
N 2 CHy—N>—CH, oxi9 f N
Hy—N—CH,
Hy ~
Hy
Catalyst/Solvent
tenes bl &
_ solution 3 e
fo
Formation of azide from decomposition —N—CH; N3
of Ny~ confirmed by single crystal x-ray "  mlxt £ raathanol i
‘of the decomposition product H, VHNER at-30 G, "m““ ":m)

o Tia piogn 8 oG A A&’ﬂw‘dlx?d»‘k Refarcn, Dttt Urkimaod
unrny Dediovt 7 St % pont it Axanaty o Sedige £ ptymtian )t &1l o) Adeaven o Satals Dalowio v Feland 2

Thie P P b-u ivvvm A I.m 8 o b Rele 330, :\-wm
Jahvn ot togr Nt Aoz et 1 S tacarsy ot




~- . Summary Highlights ... .

v The first ovdered erystal strocrure of an N salr, thus providing individoa NsN
and N-F bond Jengths. N,FSb,F- compound contains the shortest known N=N

bond, which is shorter than that of N,

v The lowtemperature and safe preparation of NF,* polyantimonares without the
e of fluarine gas and high temp elp A non-disordered NF* anion
is structuralty characterized.

V' The unique preparation of the NyF,* cation by the disproportioration of NE*
salts. The disorder has not been resalved yet!

¥ Salving the bond distance anonialy in the stracture of NOE,* cavion by site

eceupancy refinement technique,
v ypstal structure of N, cation to prove the sheptics wrong on the exi of
'S ¥ -
this exatic gpedies.
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\/ Conclusions

» AIF, is the best catalyst for the isomerization of trans-N,F,

> Ng* cation can be stabilized with anions such as B(CF,),, SnFs,
SnFg#, SbF and Sb,F,2 but NOT with N;-, NO-, CIO,” and
N(NO,y

Only one fluorine atom in N(O)F,* has been replaced with an -
azide ion to form the N;N(O)F+ cation

The N,(N,),* cation could not be stabilized and isolated
The N(N,),* cation could not be stabilized and isolated

Pentazoles with substituents other than the aryl group can be
prepared and stabilized at low temperatures.

2-Pentazolyl-4,5-imidazole appears to undergo chemical C-N
bond cleavage. Results are under investigation!
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‘\2 l Improved Syntheses of Ng* Precursors I

1;’

[ smthesisofNF, |

. s [ Formarion of the First Stage Graphite tnterealare and its Reaction with NJF, l

G e A CyeAsFs

. (x=10-12)

2CyAsFs + NgF, ———  2CMAsFs + trans-NiF,
(x=10-12)

v Highly oricnted pyrolytic graphite (HOPG) is very cxpensive, hard
togrind and takes 2 Jong time to form the interczlate.

v Naruval flake graphite (50-60 p} is inexpensive and intercalates
rapidiy with AsFy
V' The First-Stage Intercedatebas an average composition Gy AsE

TH#% e 12 D non A: Ata o4 for P F ase, Diest s Undiorid
s on ot B ok o S T SV s lte? St a Py gt A 28 Sk Peririirs ) i
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v GiNF; hasa melting point ¢ +195°C and a boiling point of -105%C,
whereas the rans-isomer meles at <172 *Cand botls at <14 *C.
Scparation of these isomers by feactional condensation is very
difficute.

¥ Although the enthalpy of formarian of the cisisomer is lower than
that of the trans-isomer by 3.04 kel wol, dhe transisomer is
exchuively formed viethe interealate reaction.
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\u;j [ Reactions of trans-N,F, with Lewis Acids I &

: / Onlv the u@N,l‘, jsomer form\ the wnrh Lcwn mds at \
. room temperature.

' v The mrans-isomer forms the NF* salrs when beated with
- AsFg. ShFis reported to be unreactive.®

\/ To prepare NoFSbE  erans-cisisomerization of NoF, is

. rcqmrcd.
traru-N;I‘z D+ AsFs 70°C NoF*AsFg
CransNF, +  SbFs  —19C NzF’SbFJ

* Roesky, H. W.; Glemser, 0. Bormann, D. Chem Ber., 1969, 99,1589,
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Polynitrogen for Dummies

Nl
b

What has Thermodynamics and Kinetics

got to do with it ??
— Kinetics
i 7 )
Thermodynamics i '} Low Barrier towards
it is an uphili battle 1! k / Cﬂéﬂstrophlc
ownfall

Pumping in energy into a
polynitrogen species is like
pushing a boulder uphill
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Polynitrogen for Dummies

Avoid a domino effect 1!

Assembling a polynitrogen chain is like assembling metastable dominos with
perfect spacing, without prematurely triggering an unwanted collapse
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Raman Spectrum of Ns*SbFg~

&q‘;j Summary - Polynitrogen Anions
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> Synthesized aryl pentazoles: hydroxy group at the para-
position on the aryl ring gives the best results as observed
during this study.

> Demonstrated selective cleavage of C-N bond by ESIMS with
retention of pentazole ring. Results confirmed studying N
labeled pentazoles.

A4

First experimental detection of pentazolate anion.

v

Synthesis of pentazoles with a heterocylic substitutents

> Addition of OH- ions to a solution of pentazole suggest C-N
bond cleavage.
> Offers potential pathway for bulk synthesis of Ny salts
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