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•<;^ 
The challenging transition 

Motcow, K) Edwafda, CA 

.vV;"^>a*ta 

kMlM, 

WTiy Cartyon forws polymers and 
Nitrogen does not? 

• All the energy must come from endothermicity, and sensitivity typically 
Increases with endothermicity 

• Basis for high energy content is the large differences in bond energies 

C-C BSkcaVmo) 
C=C 143kcattT>ol 

&tC       194ltcattiK)l 

(-HC=CH)». +34    MC.CH 
8S+143      ►    194 

stable polymers, 
unstable monomers 

NJ) SekcaWnoI 
tOI lOOkcaVmoI 

N.N      226 tealtaol 

(-N=N)-»- -88   iNnNl 
38 + 100     ►  226 

unstable polymers, 
stable moTKMner 

This is the reason why N-Npolymefstlont exist 

wh DMt-l'.+ofl A:/j*!iMM w FMiS'! 

%i,^                N-F Compounds 
# 

* N-F Compounds 

This |i3Bfl ii OiBbut-vi A.- n.vm^ Icr F\we R.i.f«», Cl;E!nbiS«n Uri-ivuri 



w Selection of Suitable Starting 
Materiak for N/Synthesis 

• Requirements: 

> Starting fragments must have relatively weak bonds 

> Must have formal positive cliarge (first IP of Nj = 359 kcal/mol) 

> Coupling reaction must be endothermic 

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

• Ideal candidate system: 

y/ 
AsF.- 

^J^\ 
\ 

-HF, 

Nl ./ 
N N. 

AsFe" 

\. 

V Fluomdiazomuw Salts: Crucial 
Intermediates in Polynitrogen Chemistry ^s 

Synthesis of NjF* Salts 

m-N2F2 

•196 10 
N,r^AsFj-   +   HNj       .«? ■     N5*AsF4- 

*-r.-:M •:• 'i'h."- »\i ■..-..'-;-v»' '>t-v^ .-■■ -■■■".-1- ir ^-r^" "■ ^y-il.tSiJ-; 

St-tink-ss ttccl Teflon-FEP \-araumIinc Bnnl with HITIK^ \-ahT.-s and a Hcbr fvausp 

•»*► 
Reactions of tnmS''N2^2 ^'^^^ ^^^s ^      tKQ 

/rfl/ij-NiFj   +     SbFs 

NjF*SbF(' 

NF/Sb,Fi6 

—,r,-^i^^f.NP,    ,    F,    .    3K, 

-«.'i*C/4<lays 

NF/SbjFie" 

Vt^       L/s/ng "inert'organic solvents       ^^ 

Before recrystallization 

i 
After recrystallization 

I •  

Uang'inert" anhydrous 
st^vents such as methylcnc 

chloride (CHjCI^) or 
acctonitrile (CHjCN) may not 
be a good idea for N jF' or N5* 

compounds 

■.awJlr-^l   •« 



^* 
Recrystallization W^ 

'^■f- 

^ HFis used as a solvent in most of the cases. It can be 
removed from the reaction product at low temperature: 
useful for thermally unstable compounds. 

^ S02 can also be used, if there are no compatibility issues. 
Sometimes complexation can be observed, i.e. Cs azide 

> Mixtures ofS02 and S02ClFcan be used to alter 
solubility, i.e. NS*is very soluble in S02 but not much 
soluble in S02C1F. S02b.p. ■:S02ClF(b.p. ■). S02 
evaporates first resulting in reduced solubility 

fl, D»t*!*Bi l1rtln^M*t 

\,^     Mounting using LT apparatus      ^^.% 

r" 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. 

wA:*i3picWil(o.l'.W.-Hfl»,-nr.r).s«fcL<l( 

Hungry for cryoloops? m 
Contact from thcoxidizcrcan cheivopthcayotoop. In 
this case, the crystal can be embalmed in Kel-Fgrcase to 

protect the Cryoloop. The crystal needs to be transported 
onthepr^-ccntciedgoniometcrhcadusiiigam.-^gnetic 

«i ^^'1 li (Vwbuewi A; ArofNVJIrj htfe RV^mt, OtfUlairX: OrJmi 

Ball and Stick Representation of NF,*Sb2Fj," 

7        ?   =' 

The Structure of NF4'SbjF„- 

"^ The crystals grown from HF 

■^ Monoclinic space   group P2/c. 

■■^ Cell constants: a = 17.968(2) A,b = 
17.939(2) A,   c =14.0693 A;fi = 
90.143" 

•^ Z=16 

'^R = 0.0497 

Average N-F distance = 1.281(2) A 

4 kmi pait^ of NF^'Shst'n'fiHHtJ in tin; asjiniiKtric ui\i( 

The >! i" KVKI tlUaiKc K*^ l«ti\ cstiiwaiod H> he 1.^1 .-(ntl \ .52 A fnvii tis JXIIWAI valence fwvc 

• Chriac, K.O. %vmvJin«, Actn. Pint A1985,4:?A. 959 and references thcrcm. 
Ttva lJ»n» H D»alu*3i A: f^'Kir^ For Pubk: FUIMM. [HHiufe'UhfUTii'fd 

h * i^ 
Molecular Strucrure of NjFSbF^" # 

On™ SiA^dUJnasBElAl 

"^ ̂  .:■'-■':;■-'.■. Oi«Kirt»>«*fc ■■ ■;._;>;:; 

,sr 

N/^" 
. = aSUCH,h=7JSMS(t)., =sstK<y) 

jio»(i«r)=iJJ. r 

'»s'lf>« 
HI'   =   tjU» 

/        =Ct), riC'^   tjUS7 

t' S     =    I.IW 

X.1P11: •AllDaia 

1 
tlriiuffillLViVfcjKwVAEfTO;txJv»Pii^H'l^ai- f>a*fcuerflUiWne^ 

^S^      Crystal Packing Diagram of N,F*SbF/ (c-axis) 
-1*      ^^  #^' 

C—r-C-Jt^^^^^fw^-^;, O^—^i-—r0 

^^^  n^ 



Molecular Stnicture of N^FSbjF),' '.^H^ 

Mueodinic 

nirt«(«.«rJ=2JJJ° 

jfi"  = ej)3(« 

»!«•=   0.0903 

S     =    1J22 

' ATI Data 

■*;♦ 

Experimental and Calculated N-F Bond Distances (A)   | ^IS 
^J?- 

KJP-A.JV* 

N,r'SlijF|,- 

(LOW? 

tl.llO)" 

1.089(9) 

I.IO.W 

IDF 

ijjrer' 

LDPS2- 

Sa-6-31C» 

MI"-3 6-315* 

1.121 

l.lll 

1.106 

1,072 

1.13S 

(i-jni- 

(liwy 

ias7(B) 

1.2461 
C»lr»l..l^il 

04S 

2.316(12) 

i340(9) 

23«(9) 

1.3495 

2-369 

Z347 

2331 

2J12 

2394 

liT* 

1.225 

1J40 

U56 

•■ niiMte,K.a:%TI»B.R.D.;%'U!oiiW.W-Biii.R.;Sul3raffl»,S4DMCitD.A.J.Aif-Cfi«».Sjf. IWI. 
I/.1.1991.•• IWMbwina. P.:ScbaU. P.:Bogey. M.:Deimiyncfc.C.iDrttomtws. J./ MoL Spectmst: H»2. 

a. OUaiHJ hf partltioMnt Ikt ofirimtiitaay alitrnriiMmlillht tumt mHo •/ IM t^uUuJ al M< UtFSl Intt. 

k 5«W wlwl Brf^ I** iftSnt/tlen iniftifnm I*. ttUtJaUJaiul ufttimtidal nlnti o/(«irf«(ro»fc FC/V 

f. .f»lfrf M/«, lufiir Iht tnll-tf'rtm itUnJiitifrrttF/forllu N-F keinl MHJ HulifiniiJM Sj/artht N^b^ni. 

^ 
Shortest Known N=N Distances 

Coinpounct N=N Distance (A) 

N," (radicjj) 

N,F'Sb,F,," 

1.0976(2)' 

1.0927 = 

U054 » 

1.0S9(9)' 

I. OwTut-sky, J. C; Gudcn\iui. C. S.; Marmet. C C4 Tack, L. M.; 
Rosmbaum. N. H4 Saykally. R. J.y. Nip. Cfcm 1986. SV,«)S. 

Bot.icliwiii.'i, P. (rA<m Phu'i Lett. 1984,107.535, 

Botfichwina, P.; Scbalil, P,; BOKCJ-. M4 Dctmi>1\ch. C: 
IX-st<niilH-5..|./ AW ijvfO-osf. 1992, tSl 255. 

Tlilsi wocV. 

nijp»,vil(n.:lifcw:..aiA:Ap..ffivrt!rJ Pif.ecni i«,Ol«iK*j(H!iJ^i«WJj 

4.      ^ 
Confoimacion of the SbjF,,' Anion 

X 
tdipsed 

a? 

e 
Stajgytrd 

Conformation of the Sb^Fu" Anion in N jTSfajF,,' ■^i^Sfc^' 

Staggered Conformation showing the twist of ti»c two L-qualorial Sb-F groups al 

an angle of-3ir The Sbl-F7-Sb2 is bent at H5 J(2)'.  

V ^ Fluorodiazonium Salts: Crucial ^&» 
-^      Intermediates in PolynitrogenCbemistTy %0 



Actual SyntAcsfs ofN/'AsFg~ 

• Reaction system worked as planned: 

HF 
NJPAsFe' + HN3 > NsMsFs" + HF 

-78°C 

> High yield 
> Only byproducts were 20-40% H2N3*AsF," 
> 2 mmol (0.5 g) scale 

• Properties of N/AsFj": 
> White solid 
> Sparingly soluble in HF 

>Marginally stable at aa'C 
> Highly energetic 
> Reacts violently with water and organics 

> Calculated AH, (298°C) = 351 kcal/mol 

^•^ 
How hazardous can N/salts get? ,* 

Tie Taming of N/SbFf m^ 
• Desired a more stable N5* salt 

• Prepared Ns'SbFj": 
HF 

NzPSbFe" + HNs > Ns'SbFs" + HF 
-7e°C to RT 

• Properties of Nj^SbFj": 

> White solid 
> Stable to 70°C 

> Obtained in high purity 

> Does not explode at 150 kg^m (impact sensitivity test) 
>■ Exhibits ail the still missing vibrationat bands with the predicted frequencies 
> Soluble In SOj, SO2CIF, and HF 

TM« p.-p;i h n-fl/ljifJtvi A; iir--^ 

%^Jf   The need for caution dealing with high   |7^ 
\^ nitrogen compounds ^*5^ 

V Following a strict dress code! "Ilr' Structure of the Ng* Cation 

^^^^^^~    vs^^^^^^^H 

The Structure of N5*SbjF,i- 

^ The crystals grown from a mixture of 
SOjandSOjCiF 

'^ Crystal belong to the Monoclinic space 
group C2/C. 

■^ Cell constants; a = W.S13A, b = 
(2.654A  C= 16.675A:fi = 104.72' 

•^ Z=8 
C5fNmM>. 3000. 76,41 

^R = 0.O67B 

Inter-ionic Clippina!! 

The M5* cation fits into the Sb;F„- bend thus locking it, thereby precluding any 
v   ; -   ; ,■'    -  possibilities of twisting     ".,;;, 

T(Js ^:ty! U nut»i.<?»i *: Awrrn*:! (« ^iftr* f«^r»», DiMriil^ LW..M^d 



Geometry of the Ng* Cation «|p 
V'StMip«d O«otn«try 

Exoerlmenlal Structure 

V|. WIson, Vi. Ttim. ShMhy I CMsM. 
ji/<in. omi sx;. not. I23L eaw^n 

/   ^,/; 
Resonance Structure 

N2 mak« cwitacta at £.723 and area A 
N4 contacts »r» « aSST and 2.814 A 

CiENm»MOO. ?«41 

1^ >  Unexpected complexation of SO2 witti    ^| 
^^ the azrde /on in CsNg ^^ 

Structun ahows now) 
SO^Njasw*)!** 

Th'. (Ufla h tWSttiutkni A: AKU Wd toi ft 

■<♦»' 

NOF2* cation case *J§i 

NOF2+ 

Disorder 

-c* 
77ie WOF,+ Cation Case 

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. 

iLi uisjr Bi Dtttrtji-tm A; ArtroAid laf PUJ!*: tli 

w The NOFg* Cation Case.... 

Y 

The Structure of NOFj^AsF,- 

v' TTie crystals grown from HF 

^ Monoc/zrifc space group P2/n 

■/ Cell constants: a = 7.S^3^^) A,b = 
8.083(2) A,C= 10.3U(2) A;fi = 
107.46(2)° 

•f Z = 4 

'^ B^ 0.0372 

•/ Refined oxygen occupancy inNOF/ 
cation Is 55% 

Genera! approach for treating disorder 

at O-X and X.F diMancM Mmn KF CMmipincy 

MratM %F occupancy 

^ 

• For a linear C.^ suuctutc, 
FXO, midpoint is at 50% 
occupancy (plot a) 

• For a trigonal Cjv sps'^'^s 
FjXO, equilibrium point is 
weighted for the two types of 
atoms i.e., 2F and 10 (plot b) 

• Plot c shows equilibrium 
bond angles for equal 
occupancies for two Fs (2/3) 
and 0(1/3) i.e., 120°. Also 
angle F-X-O = (!/2)(360- 
angle F-X-F)  



<» 

The disordered NOF/ cation case....      i 
Extracting the "true" geometry ^ 

PM or P-N-O and F-N-F rerjmt % F 

Rules for refining occupancies 

1. Sums of partial occupancies 
for 0/F at any site is rcstrictcd to 
ONE. 

2. The total O occupancy equals 
ONE and total F occupancies 
equals TWO. 

Refined Occupancies 

F/0 = 77 and 78% 

0/F = 45% 

\,^ Results of Geometric "Extraction'   fi\^:. 
^■^- 

Calculated 

B?YI,P^CCiipnV 
«31+<;(2il)«,   VTZ 

Experimental 

"Appmtnl" "EMr^ttli'ii" M'lticil 

N-O(A) 1.129 1.137 SI" 1190(4)   ' 1114 

N-F(A) 1.3IJ 1.305 1    1 243(4) 1 246(4) 1284 

0-N-FO 125.8 125.6 ^~1220(3),122 1(3). 1260 

F-N-FC) 10S.4 108.8 «; 115 9(3) 107 9 

R(KRDi%) — 1  317733     -.- 303 668 

^^n 
Tlw waty*** 4Mnoratntl«« that 4>t cryifeil vtructun of FJtKyAtF^, «)rtnict*d Irom an 

oxygvrtfnuorirw divorttortd ■troctura, h in wty good ■gwwot with th» ttwontical predictio 
fi HfJfMT, IVWtUUm U 

V W/ cation case 
# 

N3+ Cation 

Case 

ThU pr^'. (» piriifci/Wi A: *p7^«1 Iw Kr*.- tUkfiK, Cslrt>u!.-m UrJn.flM 
'■ 

Characterization of reaction product: m Theory & experimentation symbiosis  ^p* 

Vibrationat freouencies (cvnr^ 

Vavm    Va»vm Stand 
Cyclic 1522-1550 I 1035-10601 
(<N-N-N = 60.0") 

B.nf 11020 I 
(<N-N-N . 120.8') 

Expt. |106B| 

(<X-N.X = -105-) 

275-1307 307-426 

434<i) 1424   I 

11030 I I  62» I 

VIxalional fT«4]UMwit« hav» u lam* nng* and ara not vary raliabla, 
artach maka chaiadariiation of N,* caliwi vaty dHliculL 

lJ.'-....J.,k.U.JlX l'LLi...H.Ui...J.i..lLU.kl!.-ll.^„!;l 

V Characterization of the reaction 
product..contJnued m 

Vibrational frequencies fcm'^> 
5b.nd V'»vni 

NFj* 1304 1217 

(<F.N-F = 107.9-; N-F = 1.2SA) 

NF;* cation could not be synthesized 

c^ 
H.,.F bonding from SbF^- 

11047 [ |S30   I 

HF simulates cryEto! packing 

7b*form»tfon of NH^j^SbF^ h protMOtly caused by HF addition toankif»m»d^t9 tvwrs 
actdadduct Efforts ara tndtway to rwpaat ttfsa ructions $n HFfraa systtms. 

AZIDES # 

METAL 

AZIDES 

TMpajoii OaflbLibvi »• AppirwA Mr Pi^W ftttHM., PiM.1;iilwr UnSoisoJ 



i    >    Reactions of Group 15 halides with      W^, 
^^                  Trimethylsilylazide                  ^^ 

Crystalline binary metal azides were obtained upon reacting 
the corresponding metal fluorides with TMSN3. These 

compounds were reported as either liquids or taclcy solids by 
Klapoetlce et al. 

MF3    +    MejSiNj'^!^^    M(N3)3 

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

explosion or thermal decomposition 

».j»0 ■y^ 
■ll«oK«i!l''»WH^""fl App-cvedf.f PiiscilNojHj f)Li!iH-Jaiiwki'^*! •; 

-0^ 
structure ofAs(N3)3 

OM of th* azkl* groups N7-NS-Ng 
d»«troys Iha C, symmetry 

%>^            Crystal structure of Sb(N3)3           *^5 

^^wBflj^^^l 
All szUs sroups orlsntmf in a 

propsllsr-liks fashion 

Observing "normal" N-N distances in 

View down the three-fold axis, all azide groups equivalent 

Example of perfect C, symmetry 

V Tfie Art in Crystal Structure of SbfAyg   ^^v 

• « -• 

*                                                               * 
• 

"Star ol David"                                '     Sb 
Perspective                                •   " 

™lpm*l'JlJi^1■^Won^AcProvWwF^larH»k^unwIl^0^*«1U^lt<m^!*J^ __       ^  ^                                       _^^ 1 



tL   J^ Reactiv'ity of hexachloroantimonate (VI)   1^ 
^f             with Trimethylsilylazide             \^>? 

[Ph4M]rSbCl6]     +     MejSiNj'^^'    [Ph4M][SbCl6.,(N3)J 
60 °C              M = P, As; x - 2-6 

»'The substitution of all the six chlorine atoms in SbClj- 
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. 

■^ Total substitution was achieved after four 
"refreshment" cycles of the reagents. During the 
intermediate cycles, the azide content gradually increased 
from two to five. 

.hJvBW 
riuuKMnDWr^vb^A ^^'nod fcf PiitclW&i..<i fMsruknUrift^Nn « 

^^     Addressing abnormalities in azide 
^^ distances #P 

M-tL-N^-Nv 

•^ For covalent metal azides VB theory says N„-Np > 
Np=N^: However a large number reported structures 
have unusually short N„-Np (0.8-1.0 A) and long Np- 
N( 1.2-1.4) distances. 

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

W   Episode I...Generation of the starting     WSl 
^       "^ material "*    ^ 

1.2-DCE 
Ph^MCI      +    SbClj       "      [Ph4M][SbCl6] 

M = P, As 

a    I  ci' 

a»'''^|^ci 

%^^ Episode ll....cis- or trans- disubstitution ^|t 
^Sj^ with azide groups? ^^ 

f 1 Oi,,,   I   „,iia' Cl'i,,.,     I    Cl 

Cl^''''>j^Cl 

V    > Episode Ill—Substitution of 3^ chtorfne... |^ 
^^ fac- or mer- isomer ??? ig^Jp 

—iS 

Cln^----[---;;VinCl 

nfl^SbCIJNJ, ac-SbCI,(NJ, 

TWi pfl-i i": Dfi1'lrt*cn A.- A^firo-^fd laf fMiSr f It kMrr. DiW fcyUfJi Un!n!««() 

^ j^  Episode IV...Capturing the "transition    ^t 
^^    state" during the fourth substitution!    ^^ 



Chlompentaazicloantimonate(VI) Anion   <jK: 

Tha Structure of Ph,PSbCI(Nj)5 

v' The crystals grown from CHjCN 

^ rrfc//nfc space group P-1 

■/ Cell constants: a = r r. 13M.3) A,b = 
11.663(3) A, C= 13.754(4) A; a^ 
104.314(5)': p = 97.914(5)°: r= 
115.607(4)° 

</ R = 0.0762 

«' Al! azkte distances "norniar except 
N10-N11-N12 

"Abnormal" behavior - 
respecting the "residuals •' «f^^ 

Calculated Slructura 

tfi'-pjOJl^ DuiU^u-Jai ^- Aupiovrd hr nijW ftf^jf .r^rtfcm^ Ut^nSai 

%s^ Normalizing Jlawed" N'N distances   ^^, 

CalcubilMl Striictura 
NI.N3- 10: N4-N6 ■ IB: N7-N9 -16; NI0-NI3 - 37 

R - 3.00%. S - 1.003, highcBt pcab • 0.37 c/A' 

■fit pj;->l. rVwIfcinW, At «[CTf.«fl tJ P 

^   >  Episode VI...Complete substitution of 
^J^                     chlorine atoms 

■V"                                  _,.. , 
# 

N^  

1.1CT4)>Nj^                        <$ 

.N,                    i3>       r^"' [iiM(4i* 
 '^3        *^\/"::;244» ^ 

u     i 

Ihu PA;» ffiOWrfKi-,-n A: Aryrevjd Lf PiW^-[lufcjJ-xi. OiihRuKw ttrdVnilwl . _ 
 SI 

AZIDES 

ORGANIC 

AZIDES 

Tlil-.pM«hOril'il'W-C^A:'iT!o««JturI'i(ibcH'l'ait.f}-W*>uriiiUiii.rlIiid 

Use ofAryl Diazonium Salts - 
A Better Bet! 

• R must t>e an electron releasing group, I.e., -NMej. -OH, -OCH3, 
-OCjHs.-O', etc. 

• Some of these substituted arylpenlazoies have tieen known for about 
fourdeoades but Nj- anion has not been isolated till date. 

Aryl Pentazoles can rapidly lose Nj at room temperature 

^-<0^<:i-^^-O^--^ 



^♦■ 

Crystal structure of 4-Hydroxypheny1ande 

"The theimal decomposition of 4- 
hydroxyphenylpentazole (4-HPP) 

results in the loss of N, gas and the 
formation of 4-hydroxypheny)azide. 
The "two" hydrogen atoms present 

on the p-oxygen atom are 
disordered. 

^^       Synthesis of Aryldiazonium Salts       Mrii 

Aqueous Media 

IK      /"       I   R.H,0H,OCH.,0C,H„OC,H,N,-.N(CH,), 

tp-m> 

^>/ Syntfjes/s of Aryldiazonium Salts...Non-  W% 
^^ aqueous synthesis ^^' 

Non-aqueous Media 

/^^-v\ isoamyl niuilc A^-N\ 

CHjClj 

>    Colas and Goeldner reported that the 
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 
fomiationi 

Cotas ■nd GoeUiw. Bar. J. Oip. Chwjl 1999.1357-1366 

N2*CF3COO-. CF3COOH 

^ >     Single or Double Diazonium Salt ? 
^•V Consequences of Lone Pair Occupation! v; ^•• Pair Occupation! \1^p' 

We DO NOT find any trifluoroacetic acid double salt In fact, 
such a double salt would kill the pentazole formation 

N2*CFjC00-. W,CCX)I 

Pentazole Formation... 
^^Role of the Subsb'tuent Electronic Effects ^ 

^ ' -0 *C.iLN»Nj 4iQ^' /"I 

u,» m-'- 

lljO*  ♦  NO.   +  2NO 

^•^ 
Crystal structure of 2-Diazo-4,5- 

dicyanoimidazole 
mtsmv^^rr^r'" 

■•-• 

N-N-I.OSSA 

C-N-1.334.1.336 A 

© 



W/s the Peak at mfz 70 indeed due to the   ^t 
^^ Pentazole Anion? ^^ 

Ob»»rv«<l D««to fn lh» MSMS of 163 

Labeling MfMrlimnt showi that CO is 
loat in tha laat slap  

»N alatlatlcally dlsWbutad 
o»rN„Nj,N,»N, 

 mi2m 11 

I Dtfinhiv proof for ttwponlazohanhn \ 

EShMS-MS fragmentation of 4- fSj| 
pentazolylphenolate anion at low and liigii ffMm 

collision voltages. "^'r^' 

Negative ion, fuli-range CXD mass 

spectra of the moss seieeted, 15N 
labeled (m/l 163) ood unlabeled 

(n/2 162) peaks due to lOC^H^H^ 

recorded at ceiiision voitotici of 

-79, -90. and -10 Volts.   M 
spectra arc multi-chonncl spectra 

and the typjcoi moss resolution ond 

noise level ore shovm for the m/z 

70 ond 71 peai<s in the inserts. 

CiENtm.7Ka.KK» 

"<*'• 
Crystal structure of 4-HydroxyphenyUaide      ^^: 

The thermal decomposition of 4- 
hydroxyphenylpentaiole (4-HPP) 

results in the loss of Nj gas and the 
formation of 4-hydro)typhenyla2ide. 
The "two" hydrogen atoms present 

on the poxygen atom are 
disordered. 

Polynltrogen anion - Ng 

Pentazole anion (N,-) 

' First discovered by AFRL researchers ir> 
2002 (Vij, Christe) usirtg gas-piiase mass 
spectroscopy 

AFRL results were reproduced by a 
Swedish group in late 2003. 

Chemical cleavage reported in 2003 - r)o 
hard evidence! 

Free pentazole has not been isolated to 
date. 

^ 

Lonoest 
(Weakest) 

bond 

^   i      Existence of Ng- anion in solution: 
^^     Chemicat cleavage of the C-N bond 

n 9H3 

r /' CH3—1)4—CH3   Olf 

Catalyst/Solvent 

Intense blue 
solution 

CH, 

^Jl I    Wol iMloteJ     I 

Formallon of azida from dacompoaltlon 
of Nj-conHrmad by singia crystal x-ray 

of tha dacomposition product 

CHi—T^CHi N? 

CHj I 
iUrl loi ISIJK rtrit JH!. OilliW 

W Formation of 2-pentazolyl-4.5-dicyano-    ^S 
^^ imidazole <^p 

"w-ct 

^ijmmi^m^^m'ff'iim 

»*N NUR ■«-«} *C, rnhnt* X mUtuf* ot rMUiuwl tnd KcvtoniniW. 
nilroin«dvm UMd IS «n «rt«fnat rafvranc* ^ ppm) 



n" 
Summary Highlights 

'^ "Hic firtt cvdcrcd cr);stal stroctmr of an N^* sale, thus prmiding indhidna! N^' 

aoid NT-FIKKK! lengths. N^'SbjFp* compound contains the shortest known N^N 

bond, TiHKich is shorter than that oT N>. 

"^ The low* temperature and safe preparation of NF,* polyantimonatcs withoat the 

tisc of fluorine gas and high tcmperatoKi/prcfgairc Anwi-disordcrcdNF^'ankHi 
is structurally charftcterizied. 

*^    The uniqiKr F«p*rat»on of tlw N^F^* cation hy the dfeprt^prwtionfltkm of NjF" 

salts. Thcd(?ord<Thas;TK«lx*nries(>lTCdj,vtJ 

*^    Sol\>iixgihc Ixwid distat»cc anonvidy in the scnwrttirc «f KOK^' cation by site 

tsinrtipanej"- rcftncTncnt tcchntqw. 

^     CiystaJ structure of Nj' cation to prove live s!kepi»cs WTOW* (W the cxistantr of 

this pxvrtic spcv^cs. 

w Conclusions m 
> AlFg is the best catalyst for the isomerizafion of trans-NJF^ 

y N5* cation can be stabilized with anions such as B(CF3)4-, SnFj-, 
SnFjS-, SbFg- and SbjF,,^- but NQT with N3-, NO3-, CIO4- and 
N(N02)- 

>• Only one fluorine atom in N(0)F2+ has been replaced with an 
azide ion to form the N3N(0)F* cation 

> The Nj(N3)3* cation could not be stabilized and isolated 

> The N(N3)4+ cation could not be stabilized and isolated 

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

y 2-Pentazolyl-4,5-imldazole appears to undergo chemical C-N 
bond cleavage. Results are under investigation! 

fc A»F'<!VTd lc» PiJ.'W. ftWf Mf. (Vi^bu'ton Ui 

V 

BACKUP 

tit HeVjifjj, Uslnhuf^ ^l'l^l^it*>^ 

^^      Improved Syntheses of N5* Precursors ,^        

Synthesis of N-F, 

^ 

I   Fcinn3ikCTrftheFtr«!ftageGnyhftclmCTcalJicM>dfasRcaakm\\T^ | 

Cx      ■  + AsFs 

2Cx*AsF5    +    NjF^ 

Cx-AsFs 
(x= 10-12) 

2C/-AsF6-   +   rra/iJ-NjFz 

(x= 10-12) 

^  Higjily oricnicd pj-roljlkr graphite (HOPG) is \rrj* expensive; hard 
to grind and talcesa long time to form the intercalate. 

^  ^iaIura]^aUcgrapI^itc^0-60I^)ki^»expcnsivca^ndinlc^calates 
rafwdly with AsFy 

^ The .fiaT;r-ifc^/nr(*ca£i&-has an avcrjge composition Cu^\^ 

j!'l>ul.tM ^: Al^w rtvt Vx-t\liS-f 

-t^ 
The Cis-and Translsomers of NjF^ 

\ A       /138pni 
F^p 

C2i' 

Cis 

0 
N—N 

123pin\140pm 

C2h ^ 

Trans 

'^ Cfa'N^a has a melting point < *195"C and a boiling point of -lOS *C 
whereas the ntws'iwjmcr melts At -172 "C and btnis at -111.4 "C 
Separation of these isomersby fractional condensation is wrj' 
difTicult. 

*'' Although the enthalpy of formation rf the cM^isomcr is lower than 
that of the ttynvisomcr by 3,04 l«5il mol"*, the cran-V-isoTncr ts 
K«:lH!i\"clyf*>rm«l re* the interr^alttc reaction. 



^v Reactions of cra/is-N,F, with Lewis Adds =i- 
. •/   Only the a's-N^F; isomcr forms the wich Lewis adds at 

nxKn temperature 

■/   Tlicrraas-isorncr forms the NjF" salts Vivien heated wth 
■: AsFj. SbFj is reported to be unreacti\'C* 

V    Topn;TparcN2F'SbFj\mms<»-isomeri2itionofNjF2!s: 
required 

AsFs 

SbF5 

70 °C 

70 "C 
—X— 

N2F*-AsF6- 

NaF^SbFfi- 

* Roesky. H. W.; Glcmser. O.: Btirmatin. D. Q<cm. Bcr.. 1969.99,15S9. 

-^^ 
Polynitrogen for Dummies 

What has Thermodynamics and Kinetics 

got to do with it ?? 

/■ ■ 
Kinetics 

Thermodynamics 
It Is an uphill battle II 

Pumping in energy into a 
polynitrogen species is like 

pushing a boulder uphill 

, \  Low Barrier towards 
I /        catastrophic 
\.  ,. y downfall 

Polynitrogen for Dummies J^t^ 

Metastability requires a delicate balancing act I! 

•♦♦«■ 

Polynitrogen for Dummies 

Avoid a domino effect!!! 

m 

Assembling a pol/nitrogen chain is iil<e assembling metastabie dominos with 
perfect spacing, without prematurely triggering an unwanted coiiapse 

"^jiP      Summary - Polynitrogen Anions i^.j 

> 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. 

> First experimental detection of pentazolate anion. 

> Synthesis of pentazoles with a heterocyllc substltutents 

> Addition of OH- ions to a solution of pentazole suggest C-N 
bond cleavage. 

> Offers potential pathway for bulk synthesis of Nj- salts 


