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Polyphosphazene- A #u]ol Fgo] gl A
22 /sl 2 Firestonerboll A A< 341 7
o} Frlafeln Belge o] ARE FHHAd
x99l A v = R A E A F abEo]
Az} AR o] Fo)A Folgt FA ot o] AL
hexachlorocyclotriphosphazene®] 7} 833 4 oj)
osle] ol Y Ax AAE0] ME Wzko} 7l A
o] F-0]% vl ¢~ frdq AEE A2 9low Qld
£olsle 2709 X371 E WA AA g
Hadd g $ss 713 = 92712 9] polypho-
sphazenes RHET]

Organophosphazene €&t Al = 1 8 go]vd, B~
bl R 0—F ek vzt nFEEAR
AeEgon 74 H2A® 2 BgA8© 9
NNAAFZEA $2% cyclophosphazene 7] el
s A7t AWHL vk =F phosphazene
ZE4A FolM 7 /43 AL B4 #3d
FEAZH —95~270C 2E9HGNA v
7}A19] chloroformolv} THF$ 22 #7]4&vhol

o 9+&3 solution castingol <8 AF %
4E5& UEF ek 2z Ao 27He
f4] &-FolE fluoroalkoxy X aryloxy?} £ A
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%l 838 phosphazeneo] #4198} thAte] =i 9}

Aol vlael el 2o b5 nA,
23] A48 2o E A 484 o4 2He]

A8 2 AHg7kssieln AAEHL ok

B R Eo A& phosphazene B A9 &4 %
LA 7E 53 FTA A A #F
A A3E 2 7‘“3’]’“ & el Eoe 433
geirbx] ML 7)Ed g7 AETER, EAE
9 FgAe WX Eo Hsle] nAsAL gt

2. Poly(dichlorophosphazene)
o] A4

Phosphorus pentachloride®} ammonium chlo-
ride7} ¥h$-3te dale) 28 F7153E, [(NPCI
on, n=3456,1% A&} o] u&E Figlel
vehligicr, F8 AAEL 39 AbF A o] he-
xachlorocyclotriphosphazene®] 2t i #-2] -2t} o] 7
& EHEHo] 114TolH f7Euldl S3rtET
e HAgA A elch

Phosphazene 34 ¢ Aol 23 7473 $ol &
vk (Fig.2) 2 &+ hexachlorocyclotriphosphazene
(D9 &g 2ste] /W= poly(dichloro-
phosphazene) (D& t=& Zio]w dolo] #7]
AHAE ALE3le] QaUAE A XA 7}
S AR FFAW, V, VDE =T Uk
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Fig. 2. Synthesis of poly(dichlorophosphazene) and poly (organophosphazene)
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el ok 3t whelA] spgE sl ol QbR FAHAE
AL F sk

AEA R RHAQ FPguhHe 19 1
o]t} 230~300C7HA] 7t Epd Fdtste
ZRAye] 7R} AR E e o) Alo] up
o+# 3l poly(dichlorophosphazene) o] t}t. £ 34|
150007} o]Ake] wFE-cH9E AR w EApe
2,000,000 °) ko)),

FHNTE ol A7A) kA 3] deiA 9l #) w¥RA|ut
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Fig. 3. Ionization of a phosphorus— chlorine bond

NEF 4L b

34 e

o) 75|

st} 2] 2agel dd ¥4 FYAS

Q7= ek olel R $AYL As) A Ak
)

Zoih Besh), e AFAEE0e WA B

123



IFBE BotE R

SAF gl A [9 Azel] &, Fola A 2 {7
4 3FE 59 EWE ASIden ErbA
A& Fig4ol vellsic)

[NPCI.Js [NPCl.]n

BULK POLYMERIZATION
250C, in vacuo, 40~100 hr
Soluble polymer<50% yield
1= [n]=3dt/g
Mn~10°, Mw~10%, Mw/Mn~10

BULK POLYMERIZATION—CATALYSTS
H,0, BCl;, AICl;, Et:AlCl, '
CrCl;—6H:0
(CeHs0)s PO—BCl;
Lower Polymerization Temperatures

Higher Rates of Conversion
Improved Molecular Weight Control
US Patents : 3937790, 4123503, 4137330, 4226540
CATALYZED SOLUTION POLYMERIZATION
Hi;PO,—P,0s, (CF:S0;Hg).0 in C1;C:H,
Sulfur in Decalin/Tetralin
Atmospheric Pressure, Lower Temperatures, lnert
Atmosphere
BCls, (CsHsO)sPO—BCl: in Cyclohexane
Inert Solvents, Improved Process Control
US Patents - 4005171, 4139598, 4225567, 4327064

Fig. 4. Contrast uncatalyzed and catalyzed [NPC1,];
polymerization reactions. Examples are given
of catalysts which are effective in producing
high molecular weight poly(dichlorophospha-
zene) (3—5,10)

Fieldhouse, Graves % Fenske®” ¥ 7%
Hutgk &5 Fo) 4 boron halide ¥ boron hali-
detriphenylphospate©l] 33l 4 3351}, 13} bo-
ron trichloride—triphenylphosphate ZE-& Ah&
atod -84k e) (220T A A 40A17D) ol A T3 A7
18 +&2 83% 1) Ak oleldt A7 Aze}
Horn % Kolkman® AF"¥ o 2w Fo)
2 A 2ol 9] 752 ol § Habsicla AlqkE ok
F, w4t HE NS #ak ohuiel &gl al
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9 34 F3HEE WA wmauk-ge] WA
el olvh 2 FAR2E 9 —31 NMR 2% % 33
phosphazene ester”} boron trichloride®} HH-g-3}o]
A&z eke] E3F %39 polyphosphazene2 A
g AolatE BEdA & 5 i)

28] phosphazene AE Aol 2183 2e] Al
& ¢] phosphonitrilic chloride A+ 713=
phosphonitrilic chloride €2 ™ ¢} g2 1]o} .2
ammonium chloride®}#8] W&ol 2jsjA iz}
W Qgezl FHADE olv AFF Ard=
Z‘lfx}%“l"i g ZEA ) B BEelA dF
e E A e e 5o w¢ fE3ich

HaAAe 5 A {fI1-A" F
Ao FHE Fu A= Y A Ll
A7 APt 2=t 19 A<
HPLCE AHsted A48 BT F qep™?.
Aol A QAFE FolES AHE- 1HA
Zof AAFFPANA dojal AE Heke AEAR
018t} (Fig4) Chloropolymer(D9} F=A(V, V,

~
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VDS vlas s vl of2f7hA] A7t
Bajer 9 Hapsk BEo] of7he] #HIEE
Q1A mF EAF2] chloropolymers: ¥k
A= wztsl ek

BCL,Z AH2¢ 19 £ 2 85587 FHEE
2 a7 FE A ArFel ﬁlﬂr“” CESE F
3 S 23817} 918k size exclusion chromatog-
raphy ¥ laser light scattering 71%-& AH&-3haL
lt}. BC1, & AH&-8}od 150C o] Abell A F-g3t A}
A2 Ae] Aol glol F&ol 100%°l Esl=
Zg A& A9t 2o dhgel A oAl poly
(dichlorophosahazene) 189 ¥2jek 2 EAp=
By 729 uEe] Fielx 94 AFe
t}Ec} o2 59 250TAA wlEs) TR
A)7)e Bapek ¥t g nExere] FRAE
dg 4 ol = 2 JFEAF(Mw) S 24X10°
ol F FFEAFHMn)-E 56%10%g/moleltH
W olote e 170ClA BClE AH&ste] ¥
A7) AR g Fo EAE FEE MAE
Z2g4E 4L F Utk F Mwe 83X10%]H
Mne 2.2X10'g/mole}*}.
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3. Poly(organophosphazene)

3.1 Poly(organophosphazene) 2] 34

Poly(dichlorophosphazene) ¢l 7} &3}
o] ubgof olsf Ql—AL FAEol R 27
AXE 038 Ql—Aa A WA donyd
th o]2igh o] {F- 2 Al JAaUA HAlel 7hpR-8)

371 g =]istd 7hgRae] of
< & st o= ‘R EAHS &
9601 el ol theFdr 3HAdwie) siirs

uh-§-S- {133/"]7]-‘:— & %—% 7]"4101] 0151“/}71]
) 9“‘#*]"?1 ‘ﬂv“o“’ﬂ Al ZEA} AbEE 73
A 21717} o F-ol et
Poly(dlchlorophosphazene)% w37 A2 ARg-gt
o4 F3Ae 7t 3 44l ng A&
uhg-2 v Eapsid, twR Z|AYe sl &
Z2AL 2R3 AFA)F= AL AL Brbsd
o} o] & § FAH A Lol §4-L st} Heo 3l
23 w4 Sololl A A 3] 483 poly(di-
chlorophosphazene) ¢l ¥Ade] a+¥ch 13
ZFAE PV vk 2A A hexachlorocyc—
lotriphosphazene®] £ 2246 <& EFENA
)21 4 gl tEe “Hﬂlli°i A 9
60~70%7} gloiA wa) $39 HFAA A A
oludrt ZIRAAE 3l Aol A FAH g
g olrt},

bEER e FAsde
sodium trifluoroethoxide %~ sodium phenoxide
8} 7-& t}efit alkoxide't aryloxide % aniline®] -+
butylamine3}t 22 amine®-¢+ e, kA EA
uhg-ghch(Fig2) olzigt Wi o 2 Axs {728
FAE R s A e AT

<]
A e drtadAggeld FAe LEA

sodium ethoxide,

.24 Mwe] 1X10°~4X10° F =]t %alli
AL &A= F7]e oEgch ol &
methoxy &-& ethoxy 41717} == *E
A" 234 aF4ke] g A olch &4 fluoroal-
koxy, phenoxy ¥ amino”|7} 23" F¥A= #
aAsiw 2240 A st aFEHE AA
£ phosphazene Z Al olwg 34715 A
#l=ikel] oz}l bl o)7L phosphazenel
o A vhelte 1A Eol’t Abglely] kA 9=
$7| 2 EAA S A8 AT vlad B T
ot}

o)l ¥t Abdtel FaA FHA] Al F Jeb et
Poly(dichlorophosphazene)-$ THF —#l Al &3}
o) 4] sodium trifluoroethoxide®} ¥H-&-A171H &
A} trifluoroethoxy”] 2 2181 polyl bis(trif-
luoroethoxy) phosphazene]o] A4 €t} o] F3HA)
£ ot Eol} MEK 8A4lA solution— cast
A|71d 54 gl chalstel gk PEo] A EHM
@A gE PE BEH wlf fAbsteh SLEAk
4o & n) ool tE A A FAL I B S
e ARE s Ut T e 3 #E
Aol E(—60T)E 7M™ S5 E FAT
Arehz A&Ee), Al 238 FS4707h a3t

o 2 € g Z 2} A E BE o 5
WeAlS ZHAnh S & AR A3
of gulste] oS viehdidh AAAdL Al
w3l s FrhEm g Afd 25E UHE
3k

Polyphosphazene 7+&2] A o 2 poly(di-
chlorophosphazene)©] methylamine®} 4H&-3}e]
A= %‘f{}ﬂ]i @8 Zolth FHAE FH
3 2L 9E 5 Yk drtaR FAew
EA12 [NP(NHCH;) Inelt}h. o] 3H§EL 2l

84 A2 LE OE FATEANE B2t

durA o 2 amino X &7|E a4A e AdEg=

N44e) 44e o 2 ehack

3.2 &3} %13+% organophosphazene &4
FgA o AAAL FAbEe] Bolgle A&7

TFHRAQ whdel Fglstey ARl gloH ®HA
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ITERE FormE B8R

oju} 59 & AAE ehic) wekA )
o|Ate} thE A7) & FAAA =9ldd @A
AAL vepdct oA’ S¢A Q) A7 FA%
W& Figsdl Jebl gk, R A, poly(dichlorophos-
phazene) # F71%| 2] th& alkoxide7t FAlell
<3l EFAEE FZAVIDE AR AE
E4 sodium trifluoroethoxide ¥ sodium hepta—
fluorobutoxide & AH4-3tod FX & A|714 7|Ex
Aol [NP(OCHLCFy) (OCH.C:F)Inal =3 A 7E
AA gl o] MEE 4T A2AAR Bold
LAAFS B A, v mehik-gel o3 &
A28 FFADOE HE 5 ek AF 9
%84, INP(OCH.C;F:),;In®} sodium trifluoroe-
thoxide7} 433193 trifluoroethoxide— heptafluo-
robuthoxy”| 7} &1 3tel &A1& AUt A
A, 570 olAte) ot A& HAl FAE 23
opnlz} JPH YAGARE o] &3z d53HA A
YA Wl A8 4 & ok Diethyla-
mine? poly(dichlorophosphazene) &) uh-g-oll <]l
d AR 50% o] X #= 2 NNR 24 E ol A
al A3 3lut2] diethylamino”] 7} £l A&
&gt 4= gt} Diethylamined ©]4-8t X gt
& o APAFIH JAET ] o3 A},

RQ OR'
N= r(-—]-n
& vII
_L l Cl
aOE;
— NaCl

e’b Q-'
e
RO OR RO OR
I NaOR’, _[
\Et:NH
—HCl

EtzN CI EtzN OR
_[ RONa; N= P ‘
Xi

B~

Ei:N NHR
N/
N=P—%

Xt

Fig. 5. Synthesis of mixed— substitutent organopho-
sphazene polymers

126

22 254+9) poly(diethylaminochlorophos-
phazene) (X)-& ¢® U}, methylamine, sodium
trifluoroethoxide®} & =7} 22 A<z ub
SA7IE AF3 AW a9 AsHA N
g Xih e A AL
3.3 Phosphazene Fluoro B4 Al

Rose ™ & AYA FEZ phosphazene fluoro
A Aol FahA 7812 Firestonertell A=
PNF(1,4)2h= AREEZ 4] gich g A=
— A4 FAgo] o3l alkoxide A&7]7F &

§1=e] QlE terpolymerelth(Fig6). X1 &7)9] <

PNF* GUM RUBBER

OCH,CF; . ‘ 1

T
OCHz(CFz) X— CFzH J n

SPECIFIC GRAVITY=1.75
SOLUBILITY— KETONES, ESTERS,
THF, ALCOHOLS

Tg=—68C
Fig. 6. Chemical structure and properties of phos-
phazene fluoroelastomer, PNF® gum rubber

65% = trifluoroethoxide”] ©1™ 35%+ teleomer
fluoroalkoxide?] &E3¥HEeolc) A& wH-gA] wh-gA
91+ pendant”]9] < 1%§ H7HA7H 7fx 2
27T A B 54 e ASAA} AF
ok, Eabe(et 1090] W 2m BA=k 2]
g AL ol d A EY] Ao FejAe]
2EE —68Celet

Phosphazene fluoro Bt A& &3 9 7}3sid
Table 19149} 22 53 A44& A& F 91w
g 2zt Yo o 9 78 Ad Ay
Ho) 27 E AFo) A& shssic C. xoldE
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Table 1. Physical properies of phosphazene fluoroelastomer

COMPOUNDING FORMULATIONS

VULCANIZATE PROPERTIES

POLYMAR 100 LOW TEMPERATURE FLEXIBILITY

SILICA BRITTLE POINT* —65C

CARBON BLACK } 30~60 TR —10% —55C

CLAY PETROLEUM RESISTANT

SILICONE GUM 2~10 GOOD THERAMAL STABILITY(LONG TERM) 175C

FLUOROSILICONE } SHORE A HARDNESS 35~90

SILANE COUPLING AGENT 2 COMPRESSION SET (%)+ 10~50

MgO 2~90 70 hr AT 149C

(8—HQ):Zn (STABILIZER)** 2 TENSILE STRENGTH. MPa 69~17

PEROXIDE OR SULFUR 1~3 psi 1,000~2,500

PRESS CURE 20~30 min AT 170C  ELONGATION, % 75~ 250

POSTCURE(OPTIONAL) 4 hr AT 175C  100%, MODULUS, MPa 2~10
psi 290~1,450

*ASTM D—746, + ASTM D—1329, + ASTM D—395, ** ZINC 8—QUINOLINOLATE

B3, AL, AREte 2 Fade] g el
AZF ek 2= FA 2 A 8(d8 329
00—, 34EFT 3 5344 vE 5)22 A}
454 glon o] Rofo 3 dF= A9 FHY
=] qlch

H I YA 98224 PNFE #4le] 1
Z 53 9]}, Gulf South Research Institute(GSRD)
& PNFE 34 A2 $4317] 93ty
e A7-5 3k Uok(22, 22). BVl 42
Z & PNFE methyl methacrylate(MMA) % BaSO,
o} £ ZHlE A7) JEEA CdSSed AHE
33 glt). 7} A 4] ethylene glycol dimethacry-
late(EGDMA) & AH8-3le] MMAE A 24
Fzxo| AFA|A 7t2A)Zc). GSRI-PNF 3 €]
7V 7Fa Al 24 lauroyl peroxideE, acid scave-
nger24 MgO& A3l 100To A 7 32 71c},
o] £E-2 3 PMMA 7)Ao A Ast=o
Z1AAQ AL 433 $53c). Peel Test® &
AlH2] SEM AtAez2RE PMMA 7|45} w4
A2l AP L o} F g3l AL & F sUth
PNF¢} MMAT EAl] wHg3le2 3159
domain¥ #<ldl=d EDAX7} 35l ) &9
SEME A14-3t 1 9}, ql H& B4 AFHALe
100,000°17k2] sz A 4 ¢k g}y

o] 23 B FUEE ¢ F gon =&
Zolatz FAsI glch

v A8 24 PNFE AHES 99 fallAd S
Axd By dubdo g Algsly Qe AR E
ule] w)$- ol A AR T Al o] F
013‘2 7}_101‘:]_(22).

AA Agel W E=ohE Alxe AT AR
9 & s|#go A ddae] J4A4E NAA
717] 918 G Eol| B AFolch Wade ™ &
213 9] poly(organophosphazene) ©ll o 8] A 7%
Az ALE g9 Rz A A4S
ZhAtk . B3 stk WAl o) 7t PNFE
Ab2-ste] Yol AR ik FHZo] ATl
e QubA o2 AL4EH 3 Qe ABE BIFA
$43 A4Ae Jehhyder @2 =g A
Fabol disted WS Aol T

34 W34 N8

Polyphosphazene®] 7B&ell 3t 29} #AA}
v gAE 94 A sha 1A R fEl o)
@& W3S 7 AR FEAY 3ol
Q, A 9 #&2AH e YAES TR A
THE 715 Wede Ak o
A glovt A Al o 7pa kAol WA fal A
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£30] A4} &3 polyphosphazenes ¥
Ao WA e] $3ich dvksid SEA o
FEel ol &2 g ALE A4 BAEE A7)
2 FAEEE FaA7)7) dEelt). 9F
poly(fluoroalkoxyphosphazene) & 4% of wl=m
A AL AL AN T o) o2 AR
HF7} 9hEA] 25 E AL ol @,

=3} polyphosphazened &3jo] &=ZAE T 4]
A717 qvEts WskgdE  Jelbig ®9 | &
2Ae] 9= poly(aryloxyphosphazene) ¥+l
(APN) = f9d x4, 294 2 A HEg
(33~35) 224 o}F 3 AAS 7= Q)
Navy National Bureau(NNB) <l 4= W34 9] <t
AA2A W=7t T APN HEA Q) AL 75
el t3te] A3k tH(36).

4. QA —EBrA HIS 2=
phosphazene -}

A F7tA) poly(dichlorophosphazene) 9 &3 2
WAl 278 ¥ phosphazene B AE 13
3}93\4 u1 5 o)2| ¥ yhol o8| okt FAE

He F 9le) l—sts H3-& 71A]+= phospha-
zene-—] Aol = A A o] slok. RMgX, dialkyima-
gnesim, && organolitium¥® 22 #7134 A4S
18-85l alkylolvt ary] 718 alel AH =414
g slch. 22y o] R E 7 poly(dichlorophospha-

CHz\ /Cl
/P\N . CH: C ¢
1\1\{ o« 250C N=P~N-P—N—P
a-FoPRq d a dln
F —
I NaOCH:CF; NaCl

CH,  OCH.CF; OCHLCF}
N= P'——N—P——N—P
OCH2CF3 O(,Hz(,Fa O(/HQCFS n
ELASTOMER, Tg —50C XV
Fig. 7. Synthesis of polyphosphazene having phos-
phorus— carbon bonds
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zene)% H5-A171H 2 Eaf ubgo] 8=
S T7=HE FHANPRInE 94| X3} g —ska
A& 77&: phosphazene ] A4 el 37}%]
o] 9lt}. & %5l A Ale £, poly(dichloro-
phosphazene) ¥ A13e] 22 EaLEe A&
&°lth.

Hexachlorocyclotrlphosphazene (D& 53ty

o] =2 MY nEAFE A FHAE

"‘}Ea‘ T oy 7)1 8e) Bel ABH FEAES
ALg-std 233 X3l fr1Ee] ) 9 A4
2189 cyclotriphosphazene® 2 FHA(AHE
A)e LA FHAE AR F Qe 7,
9% =49 monomethylpentachlorotrlmer(XlII)-4
FH(FigDNA a7 AR AApiae <t
A3l felde] w7 —50Cq! #AAXV)E
de F AG®. ExEEe 15X10°]ch[NP
(OCH;CFy) In &2 FgA o A} v} 3712 & me-
thyl7]17} E3kH ZAA o] vJwhzic)

F71 o) AR AFA} A ARSHE &
e °]Tr:=: Ao or maAsigg P,
vt AICI; 3-8 BCL 9 28 Folx kel £A)
ol A f7] 5] X#E ALFARYE] EAHEo]
e Ao F74H =749 polyphosphazene-&
WS 4 gjrpem

Hexafluorocyclotriphosphazene-% 350Ce Al ®
z%3+8}e] poly(dichlorophosphazene) & A=t
FHA= Fefdo]l =7t —96Coln A L&
e5E —68Cal ®AA el “. Poly(dichloro-
phosphazene) & ¥|7tm A2 2Hg = glen
amine, alkoxide ¥ aryloxideste] | &utg-o] 7}
538lek “Y. Poly(difluorophosphazene) = 22
poly(diphenylphosphazene) & #715% w9
4h-8-3}o poly(dichlorophosphazene) 3 7o) 41—
g4 A¢-$ z2h= poly(organophosphazene) S 7t
Eote Hol ul$ Fasinp @,

Neilson & °‘1317l-2] ﬁF—H«] N— sily]phosphi-
nimines AHE-3te] Ql -t RS 2t Ao
BalM d7sn am““‘“. shdsln sHHE
XV H93 #2332 7k poly(dimethylphos-
phazene) & A &cH(Fig8).
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OCH.CF, Me
. 40he |
Me;SiN=PMe; MesSiOCH,CFa+—€ E’-— N}
Me
XV —
Mw=50,000
Tg—40T

Fig. 8. Synthesis of poly(dimethylphosphazene)
5. 7} B4

FHAY AlEo] Ztwrt shesidd 44
Z7Hth o) AL 53 ARy} shAdA oA {4
gl 2013 JlmA o 2= N9} $AHE EyE)
vl ) Hk-3-& o] &3} Zolt} Diol disodium
saltx= 53 9] alkoxyphosphazene & ZH-Ef al-
koxide ©]-&& X3AA A& b (Fig3) 7t o
ol 3}, gt} poly(organophosphazene)dll A+td3]
W Y Ad-da Age] AFH] oidd F

A7F AR & AR tar) dojdrl o] A
2L d-Ata—q AEE pLEe tuAE 2}
23

thet

OR  OR R OR
—NeP—Nep— —N= P—N —
L ’f
OR orR NaO OR
b b N L
|
OR OR  NaO OR O
~N=p—N=p— —N=b—N=p—
. |
OR" OR OR  OR

Fig. 9. Crosslinking of an poly(alkoxyphosphazene)
by disodium salt of a diol
6. AL I3
de] ol e}t mp37kA 2 poly(organophospha-
zene)oll= ZAA o] glck 200~250C 4ol A =
A e Auslel 4o ¢, 53 DY 45
Ast AZAE ARBY FRAY f4 42
3 2 Apee] EAldl WHom sjzaim

SR

fu o

7. Polyphosphazene®] —+=Z7%]
=%

Polyphosphazene®l| H&F oj2|7}=]9] ojga] =
Oﬂ/%] —E"7]§U}‘ 5‘]’ 7‘]_0_ \:]._Q.;q_ 7‘21-‘:]_ %&EH, '?‘A}'{E:‘Q‘]

zax}ﬁhz} 1¥2=k? EA, 9 polyphospha-

zene®] W& frElde] 2% wA Eol3l HAA
p* p*

N

N
N: \ P

Fig. 10. Possible bonding arrangements in polypho-
sphazene. In the upper diagram is shown
the electrons that must be accounted for
after the sigma bond framework has been
generated from electron pairs. The lower
diagram shows how a dz —Pr system can
be visualizes as a stabilized excited state
by utilization of one electron from each pho-
sporus and one from each nitrogen atom.
The orbital overlap depicted is that of a pho-
sphorus 3d orbital with a nitrogen 2p orbi-
tal
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nEREE

s B tEeE B

He »}EM_LH

2 2A A 9, d
728 A3 A AAxe
A7} gler dele 1709 A7
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