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XumMuuyeckui 3j1eMeHT ¢gocdop
Haxo:xaenue B npupoae

BceTpeuaercs B ipupoe B Buje ¢hocdaTos.

Cag(PO,), dochoput, BUTIOKUT
Cag(PO,);0H THJIPOKCHJIAIIaTUT
Cas(PO,)sF dTopanaTut
Cag(PO,):Cl XJIOPAITaTHT
Fes(PO,), - 8H,0 BUBUAHUT

B Bujae ruapokcuianatuTa BXOJUT B COCTaB KOCTEH M 3y0OB
’KUBOTHBIX U YEJIOBEKA.

HN30TONHBINA COCTAB

. 1
MOHOM30TONHBIH ~ dieMeHT °P.  CHHTE3HpOBaHBl  ApYTHE
M30TOIIBI, KOTOPBIEC PAJIOAKTUBHBI.

CTpO@HI/Ie aToMa 1 BaJICEHTHbBIC BO3MOKHOCTH

OnekTpoHHasi  KoHUTypauus  aToMma 3s°3p°.  SBsercs
AJIEKTPOHHBIM aHAJIOTOM a30Ta M MOXET MPOSIBIISATH BCE €r0 BaJCHTHBIC
BO3MOKHOCTH (CM. XUMHYECKHH D3JIEMEHT a30T, CTPOCHHUE aToMa W
BAJICHTHBIC BO3MOXHOCTH). JlOMONHHUTEIHPHO K HHUM €CTh €Ie OJIHO
BAJICHTHOE COCTOSTHUE, KOTOPOE OYEHb XapaKTEPHO U PACIPOCTPAHEHO B
coenuHeHusix Gochopa. OHO mMoOsBIAsETCA MNPU paCapUBAHUU S
2JIGKTPOHOB BHEITHETO 3JICKTPOHHOTO YPOBHS Ha O-TTOypOBEHb.

1

Pri. 13t oW
s — 3p3

1{53.2 +55.1

—P— RILP_,..-"' RP#

‘ T Py
nin

bonpmimHCcTBO coenuHeHuit Gocdopa comepxaT MATUBATICHTHBIN
dbocdop ¢ koopIUHAITMOHHBIM unciioM pocdopa 4.
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IIpocroe BemecTBo gochop

K mnHacTosimieMy BpeMEHU H3YyUEHO CBBIINIE JECATH MPOCTHIX
BEILIECTB, 00pa30BaHHBIX 3JIeMeHTOM (ochopom. Haumbosee 3HAUMMBI
YeThIpe.

benblii pocdop Py
KpacHusiit pocdop P,
Yepusiii pocdop P
P

®duoneroBbiit hochop

Hosxyyenue
1. Boccranornenue oprodocdaror yriem B mpucyTctBuu S O;.

Cag(PO,), + 350, + 5C — 3CaSiO; + 5CO + YP,.

2. Boccranosnenwne ruapodocdaror yriem (ceime 1000 °C).

3Ca(H,PO,), + 10C — Cag(PQO,), + 10CO + P, + 6H,0.

3. Kpacubiii pochop obOpasyercs u3 0e€10ro Mnpu JIUTEIHHOM
HarpeBanuu rpu 260 °C B 3aKpbITOM COCY/IE.

4. Yepuoiti (ocdop oOpazyercss IMTEILHBIM HarpeBaHUEM
oenoro dhochopa npu 200 °C u gaBnenun 12000 at™m. unu npu 380 °C B
npucyTcTBuu pTyTu HQ.

5. @®uoneroBbii dochop mnoiyyaercs KpUCTAIM3AIMEH U3
ciaBa ¢ocdopa co CBUHIIOM MM BUCMYTOM (110 I'utTopdy).

6. benwiit dochop mnomydyaercs NTpU  KOHJACHCALIMM TAPOB,
MOJIYYCHHBIX HarpeBaHHEM JPYruX MOAUGHUKAIMKA MPU aTMOCHEpPHOM
naBjeHue 0e3 I0CTyIa Bo3ayXa.

Crtpoenne

Benwrit pochop P4 —BelecTBO MOJIEKYISIPHOTO CTPOCHHS (ATOMBI
docdopa 3aHIMAIOT BEPIIMHBI IPABUIBHOTO TETPadapa).

© 2011-2012 A.A.Cubupkun
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Kpachbliif, ¢uoneroBsiii u 4yepHbli ¢dochop — BelecTBa ¢
aTOMHOM KpHUCTaUIMYECKON pemerkoid. OHM TPEeACTaBISAIOT COOOM
HEOPTAaHUYECKUE MTOJTUMEPHL.

PdulnuyecKue CBOMCTBA

1. bensiit dochop Ps Iln. 44 °C, HepacTBOpUM B BOJE H
XpaHHTCA oA cioeM Boabl, pactBopuM B CS,, CgHg, Et,0O, S,Cl,, PClj,
maciax. OdYeHb TOKCHMUYEH M TI0)KAapOOIaceH, CBETUTCS B TEMHOTE.
IInotHOCTH p = 1.82 rlem’,

2. Kpacubiii ¢pocop P,, — BEemecTBo KpacHOro 1[B€Ta ¢ HU3KOM
XUMHYECKON aKTHUBHOCTBbIO, HETOKCUYHBIM, HepacTBopuM B CS; u
ApYrue pacTBOPUTENAX, B TEMHOTe He cBeTurcs. I[LI0THOCTH
p=22rlem’.

3. ®uoneroBeii pochop P, — MOHOKIMHHBIE KPUCTAILIBI.

IInotHOCTH p = 2.35 rlem’,

4. Yepusiii dochop P, COCTOMT H3 1EMOYEK aTOMOB, HMEET
CJIIOUCTYIO CTPYKTYpPY, 0OJaJaeT METaJUIMYECKUM OJIECKOM, 3aMETHOM

TEIUIONPOBOAHOCTBIO " BJIEKTPOIPOBOIHOCTHIO. IlinoTHOCTH
— 3
p=2.69r/cm”.

XUMH4YeCKHe CBOMCTBA

1. OOMeHHbIE peakuu HE XapakTepHbl. K HUM MOKHO OTHECTH
B3aMMHBIH TIEPEXO0J] MPOCTHIX BEMIECTB (aJUIOTPOITHOE IPEBPAITICHHE).

2. OKUCIUTENBHO-BOCCTAHOBUTEIbHBIEC PEAKIINH.

2a. IlposBisieT OKHUCIMTENbHBIC CBOWCTBA 110 OTHOIICHHUIO K
BOAOpOAY M MeTajaM, nepeBoass ux B ¢dochun u  pochuasl
COOTBETCTBEHHO.

P4 + 6H, — 4PH3 (300 °C, naBieHue)

.. Na _ NaP (200°C)
Prpachblid + ) = cap (400 °C)

20. Ilpu nelicTBUM M30BITKA CUJIBHBIX OKHCIUTENICH, OCOOCHHO
IpH TOBBILICHHON TeMiiepaType, pocdhop mpeBpaiaercss B COCIUHEHUS

P,

© 2011-2012 A.A.Cubupkun



HNOs o) H3PO, NO, + H,O

o F, PFs (60 °C)
+

Plpacbiii + 6 = po, T KCl (ynap)
H,O H.PO, H> (900 °C)

0, PO (60 °C)

cl, PCl, (90 °C)

Pat Br, - PBr,
KM nO4 + HZSO4 H3PO4 + KZSO4 + MnSO4 + H20
2B. Ilpu JelCTBUUM OKHUCIUTENIS — IIPOCTOrO BEIIECTBA B
HemocTaTke — 06pasyrores coequnerust P (P4,Og, PBrs, PCls, Pls).
Nzo N2
P, + P,Os +
‘T co, T co (600°C)

M3 TOYHBIX KOJHMYECTB IMPOCTBHIX BCIICCTB IOJYYarOTCS
cyasduabl pochopa PS, (n=2°-°10).

2r. MeHee cHIIBHBIE OKHCIWTENIH, JaKe B3SAThIE B H30BITKE,
+3
nepeBosT dhocdop B cocTosiHUE OKUCaeHus P .

H-SO, SO,
H,SeO, Se

P, + 8NaOH + 4H,0 — 4Na&HPO; + 6H, (100 °C)

P4 + — H3P03 + + Hzo

2n. Oxkucnenue A0 (pocPopHOBATON KHUCIOTHI U €€ COJIer
U
(coemunenuit P™).

P4 + 40, + 4H,0 — 2H4P,0Os (40 °C, TieHHE BO BIIaYKHOM BO3IYXE),

H,O, + NaOH R Na,H-P,Og + Hzo
KMnQO, + H,O K>HLP,Opg + MnO(OH)2 + KOH

P, + 4NaClO, + 4NaOH — 2Na;H,P,O5 + 4NaCl.

P xpacHb1ii+

2e. JlucriponopLMOHMPOBAHME B IIEJIOYHBIX pacTBOpax Ha
xonony. [Ipoaykramu aBisitorest pochuH U runodochUTHI.

NaOH NaH,PO
+ P, + H,O — 2 =2
Ba(OH), * '° Ba(H,PO;)>
© 2011-2012 A.A.Cubupkun
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2x. Jlerokcukarus 6emoro gocdopa (mpu monagaHuy Ha KOXKY, B
KCITYIOK, JUIA YTHIM3allMd OTXO0J0B Oeioro ¢ocdopa). IlpoBomurcs
JICHCTBHEM PAaCcTBOPAMHU COJICH MEJIU UK cepedpa.

CUSO4 CU3P H2804 (20 OC)

P, + H,O + CUSO4 — Cu + H3PO4 + H2804 (100 OC)

AgNO;  Ag HNO; (100 °C)
IIpumenenue

benbiii pochop P4 — 1iis mpUTOTOBIICHUST CBETAIIMUXCS COCTaBOB,
nonyueHust pocpuaos u ¢pocduna.

benbiii u kpacHbiii ochop — IS TONIyYEHUST TEPMHUECKOMN
dochoproii kucnorer HzPO, (myTem okucienus docdopa KUCIOPOIOM
Bo3ayxa 10 P4Oq9 ¢ ero mocaeayromel ruaparanyeii).

KpacHsiit pocdop — 1151 Tpou3BOACTBA CIIMYEK.

© 2011-2012 A.A.Cubupkun
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Coeannenne pocdopa P~

PH3 PH4| Ca3P2
dochun cosa poconus dochubl
HHouxyyenue

1. BzaumopeiicTBue MPOCTHIX BEIIECTB.

P, +6H, — 4PH; (300 °C)

. NagP (200 °C)
Prpacbii ¥ o0 = cap, (400 °C)

2. PHj3; oOpasyercas npu pucnponopimoHupoBaHuu P, B
MIEJIOYHBIX PAcTBOpax, TEPMHUUYECKOM pa3lIoKeHUU KHUCIOT (ocdopa,
cojaepsxamux cBsizb P-H.

NaOH NaH->PO,
Ba(OH), ~ ™0™ BaHp0y), T
HSPOZ H3P03 + PH3 (800_0100 OC)
HsPO3 - Hs;PO, + PH; (200 °C)
NaH-,PO, Na,P,O; + NaP03 + PH3 + H, (250 OC)

Nal-|2P03 Na,P,O; + Na3PO4 + PH3 + H,O (250 OC)

3. ®ochuabl 00pa3yroTCs MpU BOCCTAHOBJICHUU (ocdaToB mpu
BBICOKHX TeMIIepaTypax.

CO  (1000°C)

Cag(PO4)2 AlLO; (500 °C)

AC\:I — Ca3P2 +

4. OOMEHHBIE pEAKIUU.

H,0 Ca(OH),
CagP,+ HClpactBop — PH3+ CaCl,
H3PO4 pacTBOp Ca(H2P04)2
PH; + HI — PH,|

PH,I + NaOH— PH3 + Nal + H,0.

© 2011-2012 A.A.Cubupkun



Crtpoenne

CtpykTypHbie (hopmyiibl pochrHa u noHa GochoHus

H—I|’—H H:ﬁiH
0 H H

DnekTpoHHasi mapa Ha atome ¢docdopa omnpenenser OCHOBHBIC
cBorictBa ¢ochuna. OtuM cpoiictBoM ¢dochud mnomodeH NHjz, HO
saBisgeTcsa 0oiee ciiadbiM, yeM NHs, ocHoBaHneM.

+

HNon ¢ochonuss nomodben wuony ammonuss NH,;, HO MeHee
TEPMUYECKHA YCTOUYUB.

®ochuabl — TBEp/IbIE BELIECTBA HOHHOTO CTPOEHUS.

Pdu3nyecKue CBOMCTBA

®ochun PH3; — OeciBeTHBIM Ta3 C 3amaxoM THHWJIOW PBHIOHI.
[1n. —134 °C, xun. —87 °C.

®dochuabl — TBEpIbIC BEIIECTBRA.

HNoauna ¢pochonus — TBEpAbIe HEYCTOMYMBHIC BEILIECTBA.

XUMH4YeCKHe CBOMCTBA

1. OOMeHHbIE peaKIu.
la. ®ocpun PH3; — cnaboe ocHoBanue. Pearnpyer nogodono NHj

¢ koHmeHTpupoBaHHbIM HI| u razoobpazaeiMu HCl u HBr, mpyrumm
CUJIbHBIMU KUCJIOTaMH.

HI PH,I
HBr PH,Br  (sosr. +30 °C)
PH;+ HClI — PH,Cl  (Bosr. —28°C)
HCIO,  PH,CIO,
HBF, PH,BF,

16. ®ochuasl THUAPOIMZYIOTCS BOAOM U Kkuciortamu. Cw.
MOJY4YEHUE COCAUHEHUM P_3, 1. 4.

© 2011-2012 A.A.Cubupkun
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1s. Conu dbochoHuss pazmararorcs IIeI0YaMH, BOOM,
IIPU HArpEeBaHUM.

PH,Cl — PH3 + HCl,
PH,CI + NaOH — PHj + NaCl + H,0.

1r. O6pazoBaHue POCPHUHOBBIX KOMILIEKCOB.

[Ni(PH3)4 sBisercs ¢ocpuHOBBIM aHajJOroM KapOOHWIA HHKES
Ni(CO),.

1n. 3aMelieHre BOJOPO/Ia HA METAJLI.

PH3 + 3HgCl, — P(HgCl)s| + 3HCI  (Bommsiii pactBop HQCl,),
2PH; + 2Na — 2NaPH, + H, (B sxugxom NHy).

le. OOpazoBaHuEe MOJYIPOBOJHUKOBBIX COCIMHEHUN Kilacca
A"'BY (omMH 3JIEMEHT W3 TPEThEH TPYIIIBI, BTOPOH — TISTONH TPYIIIBI
NIEPUOMYECKON cucTeMbl). VcXomHBIE BeEIIECTBA, II0JaBaeMbie B
CUCTEMY B BUJIE€ MapOB WJIA Pa30aBICHHbIE HHEPTHBIM ra30M, PEArupyrOT
MEXIy €000l ¢ oOpa3oBaHMEM TBEpAOro BemiecTBa. I[loOouHbIE
MPOAYKTHI YIAJISIIOTCS M3 CUCTEMBI Uepe3 ra3oByro (pazy. Takoit mporecc
Ha3bIBACTCS XMUMHYCCKHM OCaXKICHWEeM u3 TasoBod ¢asel (CVD —
chemical vapour decomposition).

Ga(CHg)g : Etzo + PH3 — GaP + Etzo + 3CH4

2. OKUCIIUTENBHO-BOCCTAHOBUTEIIbHBIC IIPEBPAILICHHUS.
2a. BHYTpUMOJIEKYJISIDHOE OKMCJICHHE BOCCTaHOBJIEHHE. Tak
IpOTEKAET TeEpMUUECcKoe pasyioxenue PHs.

4PH; — P, + 6H, (Bwimre 400 °C).

o 1

20. Oxkucnenue 10 COCMHECHU I docdopa P

(bochopHoBaTucTOM KHCIOTHI W THHodochuroB). Tak ACHCTBYIOT
MSTKHE OKHUCTUTEIH.

lo+H,O _ H3PO+HI

PH; +
3 SOZ + Hzo H3P02 + S (KaT. Hg)

© 2011-2012 A.A.Cubupkun
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[V + v
28. Oxucienue 10 coemmueHmii dochopa P (docdoprcroii
KHCIIOTHI ¥ (hochuToB). Tak 1eHCTBYIOT OKHCIUTEIH CPEIHECH CHIIBI.

PH3 + 3H2804 KOHII[ — H3PO3 + 3802 + 3H,0.

. 4
2r. OxucieHue a0 coemuHeHuii ¢dochopa P™ mepokcumom
BOJIOPO/IA B LIEJIOYHOU CPETIE.

N a4P206

NaOH koH11. pacTBOp +
NagH2PO¢

PHz + NaOH pa36. pactBop

+H;0

202 —

o +
21. Oxucienne 10 coemuHeHmii docdopa P™  crmbHbIMH
OKHCIIUTENISIMHA, B TOM YUCIIE TIPU HAIrPEBaHUMU.

O, H3PO, (150 °C, ropenue)
PH3 + HN03 KOHII — H3PO4 + N02 + Hzo
Cl5 u30nITOK PCls + HCI
O Cag(PO,)2 (150 °C)
Cagh, + Cl, n30nITOK - CaCl, + PCls
IIpumenenue
@®ochun PH; — nmnga  modmyyeHHss  TOJYHIPOBOJIHHKOBBIX

RV
MatepuaioB tuna A" B".

© 2011-2012 A.A.Cubupkun
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Coennnennst dpocdopa P~
Hudochun PoH,
Houxyuyenue

1. Obpasyercs kak npumech K PH3, moiaydyeHHOM THUIPOIH30M
CagP,, conepxamum  Oombiiee  koauuecTBO  ¢dochopa, yeMm
COOTBETCTByIOIIEM (ochuay kampius. VcxomaHoe BEIIECTBO IS
CHHTE3a MOJy4aeTCs U3 MPOCTHIX BELIECTB B U30BITKE ocdopa.

Crtpoenne

BemectBo wmonekynsspHod npuponbl. CTPYyKTYpHBIM —aHAIOT
ruapazuHa NoHg.

Du3uyecKue CBOMCTBA

becusetnas xuakoctb. 11n. —99 °C, kun. +52 °C. TpuBuanabHOe
Ha3BaHUE — <OKUJIKUN (PocPopucThiii BOAOPOI».

XuMHYecKHe CBOMCTBA

1. OOmeHHble peakuuu. B auTepaType NpakTUYECKH HE
ocBemjaroTcs.  Moxker ~— o0jagaTh  OCHOBHBIMM  CBOWMCTBaMH,
aHAJIOTUYHBIMU TaKOBBIM JIJIs TUJPA3UHA.

2. OKHCIIUTEIHHO-BOCCTAHOBUTEIHLHBIC PEAKIIUH.
2a. Tepmuueckoe pasznoxxkenne Ha (ocPuH U «TBEpbI
dochopuctsiii Bogopoa» PioHe.

15P2H4 —> 18PH3 + P12H6.

20. CamoBocIUIaMEHSETCS Ha Bo3ayxe MW mnojpkuraet PHg,
coxepxamuii npumech PoH; Takas cMmech BbIENSeTCS NMPU THUCHUHU
TPYIIOB, M €€ CaMOBOCIIAMCHEHHE Ha BO3AYXE OOBICHSET MOSBJICHUE
«OTOHBKOB» Ha KJIaJI0UIIaX.

2P2H4 + 702 — 2H3PO4 + 2H POg.

2B. BoccTaHoBUTENIbHBIE CBOMCTBA, aHAJIOTUYHBIE (hOChHUHY.

IIpumenenne. He Haxoaur.

© 2011-2012 A.A.Cubupkun
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Coexnnenns dpocdopa P

H3PO, NaH,PO,
dbochopHOBaTHCTAS] KUCIIOTA runodocpuTh

HHouxyyenue

1. JucnponopuronupoBanue oOenoro ¢dochopa P, B X0m0aHBIX
pacTBopax 1enouei (CM. XUMUYECKHE CBOMCTBA Py).

2. Oxucinenne PH3 Msarkumu okuciurensMua (CM. XUMUYCCKHE
cBoiictBa PHj3).

3. OOMeHHBIE peaKIIHH.

Bﬁ(HzPOz)z + H2804 — BaSO4 + 2H3P02.

Crtpoenne

CtpykrypHbie  dopMyiabl  (HOcPHOpHOBATUCTOM  KHUCIOTHI U
runopocpuT-uoHa:
— =
H—O0—P |
- || H
| O] Ol

_ H
O—P:
| H

Koopaunammonnoe  umciao  atroMoB  (ocdopa  paBHO 4,
BaJICHTHOCT,  ¢dochopa paBHa D. Morekyna ¢HocpopHOBATUCTOM
KHUCIIOTHI cosiepkUT oaHy OH — rpymmy, a 3HauuT, 3Ta KUCJIOTa SBJSETCS
OJIHOOCHOBHOM. BoccraHoBuTenbHble cBoicTBa (HochHOpHOBATUCTON
KHCJIOTBI W TUNO(POCPUTOB OMPEACNAIOTCS HAJIUYUEM B MOJIEKYJIE
cBsi3u P-H.

Cpenu coelMHEHHH cepbl CTPYKTYPHBIMU M XUMHUYECKUMHU
aHajoraMu JTHX COCIMHEHHM SBISIIOTCS CEpHUCTAas KUCIOTa W
TUAPOCYIb(MUTHI, CPEIU COCTUHEHUN yTiiepojila — MypaBbUHAsS KHCIOTa
1 (hopMHUaTHI.

Pdu3nyecKue CBOMCTBA

®docdopHoBatuctas kuciora HzPO, — OeciiBeTHbIE KpHUCTaIbI,
1. +27 °C.
['mnogocutel — TBEpABIEC BEIIECTBA, PACTBOPSIOTCS B BOJIE.

© 2011-2012 A.A.Cubupkun
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XUMH4YeCKHe CBOMCTBA

1. OOMeHHbIE peaKIu.

la. H3PO, — xucnora cpegneid cuiibl, MPOSBISET BCE CBOMCTBA
KUCIIOT. IIpU OCYIIECTBIIEHMH MPEBPALLEHUN HE CIEAYET AONYCKATh
pa3orpeBaHusi CUCTEMBI BO U30exkaHue pa3inokeHus GpochopHoOBaTUCTON
KHUCJIOTHI U TUTTIO(POCPUTOB.

NH; NH4H-PO,
HsPO,+ NaOH —  NaH,PO, + H0
Na,CO3 NaH-,PO, + CO, + H,O

16. I'mmodocuThl TPOSIBIIAIOT BCE CBOMCTBA COJICH.

Bﬁ(HzPOz)z + H2804 — BaSO4 + 2H3P02.

2. OKHCIUTEIbHO-BOCCTAHOBUTENIbHBIE PEAKIMU. XapaKTepHas
IpyIa CBOUCTB.

2a. JucnponopuuonupoBanue. [lo 3ToMy mnyTu mpoTeKaer
TEPMUUECKOE PA3JIOKEHUE.

HsPOs; + PH; (50— 140 °C)
HsPO, + PH;  (Boimre 170 °C)

NaH->PO, R Na,P,O; + NaP03 + PH3 + H, 250 °C
Ca(H,PO5), CaHPO; + H3PO3 + PH3 200 °C

H;PO,; —

. +3
20. Oxucnenue 1o coeauHenuit pocdopa P °. Ilpoucxonur npu
JNEUCTBUU OKUCIIUTENIEN CPETHEN CUJIBI.

H2804 SOZ + Hzo (KOHH. H2804, 20 OC)
HNO; NO + H,0 (pa36. HNOs)
CUSO4 CUHl + H2804 (KOHI_[. H3P02)
HsPO2* agNo, ~ P95t aAg v HNO,  (pactsop AgNOS)
As,0Os As| + H,O (pa36. HCI)
GeCl, GeCl, + HCI (xon1. HCI)

NaH-PO, + NaOH + H,O, — NaQHPO;_J, + 2H,0.

© 2011-2012 A.A.Cubupkun
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o +
28. Okmcienne 10 coequnenuii dochopa P. Iponcxomut mpu
JIEVCTBUM CHJIbHBIX OKHUCIUTEIEH.

HNO; xoHI1I NO, + H,O
Cl, + H,0O HCI
KMnO, + H2804 - H3PO4 * K2804 + M nSO4 + H,O
K2Cr07 + HySO, K>SO, + Cry(SO0q)3 +H-0

HsPO; +

2r. BoccranoBnenne no PHsz mnpu gelictBuM MeTalioB B
MPUCYTCTBUHU pa30aBICHHBIX KUCIIOT.

H3PO, + 2Zn + 4HCl — PH3 + 2ZnCl, + 2H,0.

IIpumenenue

I'unodochut natpuss NaH,PO, ucnonb3yercs mjisg moTydeHHs
METAJUIMYECKUX TMOKPBITUA XUMHUYECKHM CIIOCOOOM 0€3 NpPUMEHEHUS
anektponmsa. llomywarorcss mokpeitus w3 Ni, Cu, Ag u apyrux
METAJUIOB CPEIHEN U MaJIOM XMMUYECKON aKTUBHOCTH.

© 2011-2012 A.A.Cubupkun
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Coeannenne pocdopa P

P406 H 3P03 Na,H P03 PX 3
IrE€KCAOKCH/]I dbochopucras TPUTATIOTCHUIBI
terpadocdopa KHUCJI0Ta ocdurer docdopa
Hosxyyenue

1. B3auMopeicTBHE MPOCTHIX BEIICCTB IMPUBOIUT K OKCHUAY H
rajoreHuiaM. B cuHTe3e WUCHOIB3YIOTCS U30bITOK (ocdopa as
g +5
UCKJIIOUEHMS 00pa3oBaHus coequHeHuit gpocdopa P .

2. Oxucnenue 6enoro ¢gochopa Py KOHIEHTPUPOBAHHOU CEpHOM
Kuciaoro wim  kumsmuM  pactBopom  NaOH  (cm.  xumudeckue
CBOMCTBA Py).

3. Okucnenne ¢ochuna, runodpochuroB u GochopHOBaATUCTOM
KHACJIOTHI OKUCIUTEIISIMHA CPEIHEH CHITbI (CM. XUMUYEeCcKue cBoicTBa PH3

u xuMmuueckue cpoiictBa HzPO,).

4. OOMEHHBIE pEAKIUU.
4a. I'unparaius OKCU/IA.

P406 + 6H20 — 4H3P03.

46. I'maponmn3 XJI0pUI0B.

PBr3 HBr
p, THO—=HPO+
PCl; + H20 HPOs ) e

HaPOs+ H,O — H4P,0%
4g. ITpeBparnieHue KUCIOTHI B COJIb.

NaOH H,O
Na,CO, T+ HePOs = NaHPOs+ o © ) o

© 2011-2012 A.A.Cubupkun
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Crtpoenne

CTpyKTypHBIE dbopMyIbl rekcaokcuga  Terpadocdopa,
(dochopuCcTOil KUCIOTHI U TpUTANOreHu10B (hocdopa:

- _// S — — -
o f@f; N H—0. Ol <P
. —"“HPJ" | 3 Jli -
Ny 9" TH X
s \\P-"’f =

B okcune P,Og u ranorenngax PX3; KoopauHaIIMOHHOE YMCIIO
dochopa paBHo 3, y aroma (Qochopa wuMeercs HemoaeICHHAs
DIEKTPOHHAS napa. [Ipoaykr TUAPOJIN3a PX3 OBICTPO
neperpynnupoBbIBacTCs B coequHeHne pocdopa ¢ KOOpAUHAIMOHHBIM
quciom 4.

HO—P—0OH HO 0

=T
OH o~ TH

®dochopuctras  kuciora HzPO3; sBisgercs  ABYXOCHOBHOM
KUCJIOTOU (B MOJIEKYJIe 1IBE OH-rpyr1b). Ob6nanaer
BOCCTAHOBHUTEIIbHBIMM CBOMCTBaMHM 3a CYET HaJIUYUs B MOJICKYIIC
cBs3u P-H. fIBnsercs CTPyKTypHBIM UM XHMHYECKHM  aHAJIOTOM
dbochopHOBATUCTON U MyPABBUHOM KUCJIOT.

Pdu3nyecKue CBOMCTBA

®docdopucras kuciora HzPO; — OecuBeTHble KpUCTaIbI,
1. 74 °C.

®dochuThl — TBEP/IBIC BEILIECTBRA.

I'excaokcun terpadocdopa (okcua docdopa (I11)) P4Og — Oenbie
KpucTasibl, . +24 °C, kum. 175 °C.

Tpudpropun dochopa PF; — OecuBeTHblii ra3, ycTOMYMB Ha
Bo3ayxe, kum. —102 °C.

Tpuxnopun docpopa PClz — OecuBeTHas  KHAKOCTb,
ruaponausyercs, kum. +75 °C.
Tpubpomug dochopa PBrz3 — OecuBeTHass  KUJIKOCTb,

ruaposuzyercs, kun. +173 °C.
Tpunonun pocdopa Plz — kpacHsiil kpuctam, mi. +61 °C.
© 2011-2012 A.A.Cubupkun
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XUMH4YeCKHe CBOMCTBA

1. OOMeHHbIE peakinu. XapakTepHas rpyIina CBOMCTB.
la. I'mapatanus P,Og 1 ruaponus PXs.

H,0 . H3POs (bochopucras xkucaora)
H3POs H4sP,0s5  (mudochopucras kuciora)

H,O _ HsPOz+HX
NaOH — NaHPO; + NaX

P40 +

PX5+

Hudochopucrass kucimora Hy4P,Os sBisercs npoaykToMm
MEXMOJIEKYJIsIpHON neruapatanuu gochopucroi kuciotel npu 100 °C
B BaKyyMe.

O

HO O H

H._ _OH

0
P ~F . s T + HO
D/;;-’; i ~

.
P
~ g 07 “OH HO H

/ N\

OH HO

DJTra KHCJIOTa SBIAETCA  JIBYXOCHOBHOM. KoOHCTaHThl ee
AUCCOLMAMKM OJM3KM MEXAy coOOHM, Tak KakK OTILEIJIEHUE OJIHOTO
aroMa BOJIOpPOAa OT THUAPOKCOTPYNIIbI HE MPUBOAUT K 3aMETHOMY
U3MEHEHUIO DJIEKTPOHHOM IUIOTHOCTHU B APYTrOM T'MAPOKCUIBLHOU IPYIIIIE,
CBSI3aHHOW CO BTOpPBIM aTOMOM (pocdopa, B CUITy UX yJaJIE€HHOCTU APYT
OT JIpyra Ha HECKOJIBKO aTOMOB.

16. Bsaumnbsie npeBpamieHus (GHochHOpPUCTON  KHUCIOTHI U
dochutoB. Cpennne comu (NapHPO3) 00pa3yroTcst B M30BITKE IIIEI0UeH,
kucibie (NaH,POs3) — B Henocratke menoueii. Judocdursr (NapH,P,Os)
SIBIISTFOTCS. CPEITHUMH COJISIMHU.

NaOH u30s1TOK Na,HPO;
HsPO5; + NaOH nengocratox — NaH->PO; + H,O
Na,CO; n30nITOK Na,HPOs+ CO,

2NaH,PO; — NaH,P,05 + H,O (100 °C)
AgNO;  AgHPO;|

CaCl,  CaHPO,] . NaNO;
N&HPOs + g0 = sHPo,| © Nacl
BaC|2 BaHPO;_J,l

© 2011-2012 A.A.Cubupkun
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1B. 3amernieHre aToMa rajioreHa Ha aToM JPYroro rajoreHa.

HF HCl

znF, PRt zpgy, (0750°C)

PCl; +

1r. Tpuranorenuasl ¢dochopa PX3 00pa3yroT KOMIUIEKCHbBIE
COCIMHEHUS C HEKOTOPBIMU METaJlaMHu:

PF; ., Ni [Ni(PF3),]
PCl; ~ Ni(CO), — [Ni(PCly),] +4CO

2. OKUCIUTENBHO-BOCCTAHOBUTEbHBIE TPEBPALIICHHUS.

2a. Oxucienue 10 coexmHeHmil docdopa P™ — Hambonee
XapaKTepHOE HaIpaBJieHNE MPEBPaICHUS PU ISHCTBUU OKHUCITUTEIICH.
P.Og O, P4O10
PX3 X2 PX5 (KpOMe P 3)
PF5 Cl, PFCl,
PXs © 0, POXs
PCl; S PSCl;
PCl; KCIO; POCI; + KCl
H,O H, (150 °C)
H,SO, koHII SO, + H,O (marpeBanmuc)
NO, NO
H3PO3; + HNO;pactBop — H3PO,+ NO + H,O
Cl, + H,O HCI
AgNO; Ag + HNO;
HI(NOs), Hg + HNO;
CI2 NaCl
NaHPOs; + NaOH + Br, — NaPO,+ NaBr + H,0
HgCIZ Hg2C|2 + NaCl

20. JlucnponouuronupoBanue. IIpoucxoguT npu TepMUUYECKOM
paznoxxkennu okcuaa P,Og, pochopucToit KUCIOTHI U €€ COJICH.

P406 P408 + P KpaCHBIﬁ (250 OC)
H3P03 —> H3PO4 + PH3 (200 OC, IIPUMCECH P2H4)
Na,H P03 Na,P,O; + Na3PO4 + PH3 + H,O (200 OC)

© 2011-2012 A.A.Cubupkun
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2B. BoccranoBienne no PHs; peiicTBHEM MeTaUIOB B KHCIION
cperne.

H3PO; H,0
NaHPO, +Zn+ HC| — PH; + ZnCl, + NaCl + H,0
IIpumenenmue.
®ochopucras  kuciora HzPO3 —  BOCCTaHOBUTEIL B

HCOPIraHNU4YCCKOM CHUHTC3C.

© 2011-2012 A.A.Cubupkun
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Coeannennst dpocdopa P

H4P-0s H,P,06" P,Os*
dbochopHoBaTas MrHIpO-
(rumodocdopHas) rimodochaT-Hon runodocdar-non
KHUCIIOTa
Hosxyyenue.

1. OxwucneHue mpocToro BemiecTBa (0O€IOro WM KPacHOTO
docdopa) B HeHTpalbHOH WM IIEI0YHOM cperae. CM. XUMHUYECKUE
CBOMCTBAa TMpOCThIX BemlecTB, 1.21. Illenounass cpega CcHUXaeT
AKTUBHOCTh  OKHMCJIMTENISI W  TIO3BOJISIET  HM30€XKaTh  MOJy4YEHUS
coeauHennii pocopa P,

2. Oxucnenne (ochuna PH3z mienoynbiM pacTBopoM nepokcuaa
Bofopoaa. CM. XUMHYECKHe CBOHCTBa coenunenuii gpocdopa P, 1. 2r.

3. OGMeHHbIEe peaklK B BOJIHOM pacTBOpE.

Na4P206 + Pb(N03)2 — Pb2P206 + 4NaN03,
Pb2P206 + 2H28 — 2PbSl + H4P206.

Vcnonb30BaHUE CEPHOI KUCIIOTHI, HAIIPUMED, B IIPOLIECCE
BaQP206 + 2H2804 — 283.504 + H4P206,

HEXKENATEIbHO, IIOCKOJBKY B CHJIBHOKHCIION CpeAe, CO3/1aBAEMOMU
CEpHOM KHCJIOTOH, MPOUCXOJUT JTUCTIPONIOPIIUOHUPOBAHUE
dochopnoBatoit kuciorel HyP,Os nHa dochopuctyto HzPO; wu
dbochopuyro HzPO,.

Crtpoenne.

ATombl Qocdopa cBsi3aHbl MEXIY COOOH KOBAJIEHTHOW CBS3bIO.
CTpyKTypHBIE bopMyIIbI dbochopHoBaTOI KHUCJIOTHI,
muruaporunodocdar-noHa u runopocdar-moHa:

|(|l|}| I(lll)l 0] 10 0] 10
_ _ _ I _ _ I _
HO —Pl’—f|’—QH “o—p—P—0F “0—P—P—0F
| | | |
HOl |0OH HOl |OH of 1o

© 2011-2012 A.A.Cubupkun
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Koncrautel  auccornuanuu (HocPopHOBATOM  KUCJIOTHI MO
NepBOM M BTOPOM CTyNEHAM OJIM3KU APYr JApPYry, MO TPETbed W
YETBEPTOU CTYINEHSM OHM TaK)KE OTIIMYAKOTCS HE3HAYUTEIBHO.

Ky=63-10° Kp=16-10"
Ks=54-10° K4=93-10"

DTO 03HAyaeT, YTO JAUCCOMMAIUS OJHOW THIAPOKCOTPYIIIHI JHUIIh
HE3HAYMTEIIPHO HW3MEHSET pachpeielieHne AJICKTPOHHON TUIOTHOCTH
OKOJIO aHAJOTUYHOW THAPOKCOTPYINbI y Apyroro atroma ¢gocdopa. IT1o
CBSI3aHO C WX B3aMMHOW yNaJEHHOCTBIO JIPYT OT ApPyra Ha HECKOJIbKO
aTOMOB.

B npouecce HelTpanuzanuu pochopHOBATONM KHUCIOTHI CHaydasia
IPOUCXOJIUT 3aMeEIIeHUE Cpa3y JBYX aTOMOB BOJIOPO/A, a 3aTeM eIe
JBYX aTOMOB BOJIOPOJIa B OJIHY CTa/IHIO.

Pdu3znyecKue CBOMCTBA

®docdopHoBaras kuciora HuP,Og — OeclBeTHBIE KpUCTaIbI,
1. /3 °C ¢ pa3aoKeHHEM.

I'excarunpar murugporunodocdara natpus NapHP.Og - 6H0,
JeKaruipar runodocdara HaTpUs NayP.Og - 10H,0,
tpuruaporunopochar kamua KzHP,Os — TBepuable BeliecTsa,
pacTBOPUMBIE B BOJIE.

I'unodocdatrer kanbuuss CapP.Og u 6apus BapP,Og — TBepabie
BEIECTBA, HEPACTBOPHUMBIE B BOJIC.

XuMmn4eckue CBOcCTBa
1. OOMeHHBIE peaKIu.

la. CocrosiHue runodocdar-uoHa B pactBope. Ilo mnpuuune
OJIM30CTH CUJIBI KUCJIOTHI IO IIEPBOI U BTOPOU CTYIEHAM U IO TPEThEU U
YETBEPTOM CTYNEHSIM B pacTBOPE YAACTCSA BBIICIUTh PUMEPHBIE
oOnactu mpeoOiajaHus TOJBKO TPEX TUIpaTHbIX (popM rumnodocdart-
MOHA.

HP0; \ HEO®  \/ ROy
0 2 7 14 pH

© 2011-2012 A.A.Cubupkun
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ITepememenue BopaBo 1o mkaine pH mocturaercs IercCTBUEM
BEIICCTB OCHOBHOTO Xapakrtepa (Ienodeld, kKapOoHATOB), TIEpEMEITICHIEC
BJIEBO — JICUCTBUEM BEILIECTB KUCJIOTHOIO XapaKTepa.

16. OcaxxaeHne MaJIOpacTBOPUMBIX COJICH.

H4P206 + ZBa(OH)2 — BaQPZOGl + 2H-0.

2. OKHUCIUTEILHO-BOCCTAaHOBUTEIbHBIE pCaKInu.

2a. BocctanoBuTenbHbBIE CBOMCTBA. MEUIEHHO OKHUCIISIOTCSA 1O
dbochar-noHOB. ITO CBOWCTBO SBJISIETCA OOLIUM ISl JUTHOHOBOM,
dbochopHOBaTON W IIABENEBOM KHUCIOT, IJII MX COJIeM JUTHOHATOB,
runogochaTtoB U OKCANIATOB.

KMnO, + H2804 K2804 + M nSO4 + H,O
K2Cr07 + Hy,SO, K>SO, + Cry(S0y)3 + HO
HaPOs Ny ko > P10 NO, + H,0
Cl, + H,O HCI

NayP,0Os + NaOCl — Na,P,0O7 + NaCl.

OkucneHno cnocoOCTByeT Kucias cpena, o0ocTpsromias
OKHCIIUTEIBLHYIO aKTUBHOCTh MPUMEHSIEMBIX OKHUCITUTEIICH.

20. HucnponopuronupoBanue. [Ipu TepMUUECKOM pa3I0KEHUU
dochopHOBaTOI KUCIOTHl B BUAEC HHAUBHUIYaJIbHOTO BEIIECCTBA WM B
pactBope obpasyrorcs mpomsBomeeie ¢dochopa P m P B
HKBUMOJISIPHBIX KOJIMYECTBAX.

H4P206 — HP03 + H3P03 (80 OC)
H4P206 — H3PO4 + H3P03 (B paCTBope)

[Ipu pas3nokeHun Ccoyei, MPOTEKAIUIUX MpU OO0JEe BBICOKOM
TemIeparype, o0pasyrTcs mpousBoausie Gochopa P u P, kak 310
UMEET MECTO IIPU TEPMUUYECKOM paszsiokeHuH (PochopucToit KUCIOTHI U
dbochuTos.

4(Na4P206 : 10H20) — PH3 + 3Na,P,O; + N3.3PO4 + NaOH + 38H,0,
4(NagH,P,0Og - 6H,0) — PH3 + 7NaPO; + NaOH + 26H,0.
IIpumenenue. He HaxomT.

© 2011-2012 A.A.Cubupkun



24

Coexnnennst pocdopa P

Oxcun dhocdopa (V) P4O10
IIenTaranoreHuipl PX5
OKCOTpUTAIIOTEHUIBI POX3
®dochopHbIE KUCTOTHI H.PO, HP,0; HPO;
docdatsl NagPO, Na;P,O; NaPO;
HHouxyyenue

1. Okcun dochopa P4O,9 oOpasyeTcs HU3 HPOCTHIX BEIIECTB,
OKHCJICHUE HU3IIUX OKCHIOB.

Ps
P.Os + O, — P,Oyg
P4Og

2. Tanorenuapl ¢ocdopa mnodydarOT TrajlOreHUPOBAHUEM
IPOCTOrO BEIIECTBA U TPUTAIOTEHUIOB.

P, Genwrit
P kpacubiii + X, — PXsg
PX3

AxTuBHee pearupyer Oenblii (docdop, MeHee aKTUBEH KpaCHBIN.
Peakuus ¢ 1010M HE IPOTEKAET.

3. Ilonydyenue okcoranorenu1oB docdopa.

3a. Okuciienue coenuaenuit P(+3):

2PCl; + O, — 2POCl4 (60 °C)
3PCl; + KCIO; — 3POCl; + KCl (20 °C)
2PBr; + O, — 2POBr; (80 °C)

30. 3amenieHMe aTOMOB TajJoreéHa Ha  KUCIOpOa B
[IEHTArAJIOTCHUIAX.

PC|5 + SOZ — POCI:_J, + SOCIz,
PCl5 + H,O nap B Henoctatke — POCI3 + 2HCI,

© 2011-2012 A.A.Cubupkun
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CH3;COOH CH3COCI

H;BO3 B-O;
PCls + H,C,O, — POCI; + HC| + CO +CO,
H»SO, HSO,CI

3B. 3aMelIeHre aTOMOB KHCJIOPO/ia B OKCHUJIC Ha TAJIOTEH.

HCI ras POCI:_J, + HP03
P4O;p+ HBrraz — POBr;+ HPO;
PCls POCl;

4. TTomyuenne pochHOpHBIX KUCIOT.

4a. MetadocdhopHas KUCIOTa MOJydaeTcsl ACHCTBUEM BOAbLI Ha
P4O;0. Ona Takxke oOpasyercsa, ecau POy wucnomp3yercss Kak
BOJOOTHHUMAIOIIEE CPEACTBO.

P4010 + 2H20 — 4H POg,

HCIO, Cl,0y

POw* LNO, ™ NLOs

+ HPO3
MeradochopHas kucioTa siBisieTcs: npoaykToM aeruapatanuu HzPO, B
BaKyyMe.

HsPO, — HPO3 + H,0 (Bakyym™m, 300 °C)

46. OptodochopHas KUcCI0Ta MOJydaeTcs ISUCTBUEM KHCIOT Ha
npupoaHbie (pocdarel, AEHUCTBHEM H30bITKA BOJABI HA TAJIOTE€HUJBI U
okcorajgorenuanl dhocdopa = ruapatanuert HPO3; npu kunsuenuu ee
BOJITHOT'O PAcTBOpa B MPUCYTCTBUU CHIIbHBIX KHUCJIOT.

%age(’g:é;‘z;’; + H,SO, Bhime 60 % — H3PO, + CaSO, + HF
PX
PO)??) + HZO — H3PO4 + HX

HPO3; + H,O — H3PO, (B npucyrcTBun HNOs)

DKcTpakiuoHHas gochopHas KHUCIOTa TOJIydaeTcs: JeUCTBUEM
CEpHOM KHUCIOTBI Ha TpupoiaHbie Qocdatel. OHa  COAEPKUT
3HAQUUTENIbHOE  KOJIMYECTBO  MpPUMECEM U  HUCHOJIb3yeTcs  JUIs

IIPOM3BO/ICTBA MUHEPAIILHBIX YI0OPEHUM.
© 2011-2012 A.A.Cubupkun
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Tepmuueckast  ¢dochopHasi KHUCIIOTa MOTYyYaeTCsl TUapaTaiuei
okcuma ¢ocdopa (V), KoTopelii oOpaszyeTcs ICHCTBHEM KHCIOPOa
BO3/IyXa Ha MpocToe BeliecTBO Ghocdop, BRIACISIOMMICS TPU ACUCTBUU
KOKCa M TecKa Ha mpupojHbie gocdarel. OHA OTIIMYAETCS MEHbBIIUM
coJiep >KaHUEM MPUMECEH U MPUTOHA KaK PEaKTHB.

4g. [Tupodocdopnas KHUCJIOTa HsP,O;  monywaercs
neruaparanueit H3PO, mpu HarpeBanuu rpu aTMOC()EpHOM JaBIICHUH.

2H3PO4 — H4P207 + Hzo (150 OC).

5. [Tonyuenue coneit GocHOpHBIX KUCTOT.

5a. Oprodocdats! (CpeaHHE M KUCIBbIC) TOIYYAOT 110 OOMEHHBIM
pEaKLMsAM C y4aCTUEM KHUCIIOT, OCHOBAaHUM U cotier. [Ipupona npoaykra
ONPEAEISIETCA COOTHOLIEHUEM KOJIMYECTB PEAreHTOB.

NaOH n30bITOK H,O
Na,CO3 n305ITOK — NagPO, + CO,

Cag(PQOy), + 2H,S0, — 2CaS0, + Ca(H,PO,), (mpoctoii cynepdocdar),
Ca5(PO4)3F + 5H,S0O, n30eITOK — 5CaS0O, + 3Hs;PO, + HF,
Cag(PO4)2 + 2H3;PO, xoHI — 3C&(H2PO4)2

H3PO, +

H2804 NaQSO4
HCl NaHPO,  NaCl

N&sPOs+ iNo, ™ NaH,PO, T NaNo,
H3PO,

+5

HNcxoaubiMu cOeIMHEHUSIMH, cojiepkaiuMm docdop P °, moryr

BBICTYIIATh rajoreHu bl u OKCOTaJIOT€HUIbI docdopa,
ruaposusyromuecs 10 HzPO,.

PCl5 + NaOH u30sIToK
POCl; Nay,COs n305ITOK

H,0
CO,

OOMEHHBIE peaKklMd MEXAY COJSIMH B PacTBOPE MOTYT OBITh
MCIIOJIb30BaHbI JJIsl CUHTE3a, €CJI 00pa3yeTcsl 0CaIoK.

NgHPO, CaHPO,|
NaHPO,+ NH; — Cag(PO,),] + NH,CI

Na,HPO, + NH4Cl — NaNH4HPO,| + NaCl (13 kxoHI1. pacTBOpOB)
© 2011-2012 A.A.Cubupkun
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56. TImpodocdarer (audocdarb) mOTYydaAOT TEPMUUSCKUM
pasyioKeHueM KHUCIbIX (ochaToB WM CPEAHUX JBOWHBIX (PocdhaToB
MeTauia U amMMoHusA. [ns cuHTe3a moaxoasT Te oprodocdarsl, B
KOTOPBIX Ha OJWH atoM (ocdopa P MPUXOJATCA JIBa OAHO3APSTHBIX
WM OJIMH JIBYX3apsIHbIX KATHOHA METaJlja.

Na,HPO, NayP,0O-
CaHPO, — CaP,0O4 + H,O
M gN H4PO4 M 92P207 + NH3

S5B. Meradocharsl MOAYyYaAOT TEPMUUYECKUM PaA3JI0KEHUEM
muruapodocaToB WM KUCHBIX M CpPEIHUX JABOMHBIX (ocdaToB
MeTaula U aMMoHud. [ns cuHTe3a mnpuroaHsl Te optodocdatsi, B
KOTOPBIX HO OJIMH atoM (docdopa P MPUXOJUATCSA OAUH OHO3APSTHBINI
KaTUOH METaJlIa.

NaH,PO, . NaPOs; + H,O coib I'poma (250 °C)
NaNH4HPO, NaPOs; + H,O + NH3;  cons Kypponrs (700 °C)

JI71st cuHTEe3a He MOAXOASIT BOJAHBIE PACTBOPHI U3-3a BO3ZMOXXHOCTH
npeBpaiieHus nonyyatomuxcs meradocdaros B oprodocdarsl.

B cuHTeTMYECKHX IENSIX MNPUOEraroT TakKe K 3aMEUICHUIO
atoMoB Bojiopona B H3PO, Ha meramn nelcTBUEM pacCYMTAHHOTO
KOJINYECTBA COJIEN JIETYYHUX KUCIIOT.

H3PO, + NaNO3; — NaPO3 + H,O + HNO3z  coms Maapemna (330 °C).

MeradochaTel HaTpUs UMEIOT [UKIAYECKOE TMOJUMEPHOE
ctpoeHue. OOpa3oBaHME U B3aWUMHOE IIPEBPAIICHHE OJUTOMEPOB
OTpa)aeT cxema.

NaH,PO, — Na,H,P,O- — (NaPOg)y —
urapodochat KHCJIBIN CMECH OJINTOMEPOB
AUTHIP nudocdar, 160 °C (comb I'pama), 250 °C
— N a;_:,PgOg — N a6'36()18
rekcameradocdar

tpumetadochar, 525 °C (comb Kyppoms), 650 °C
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5r. Tpuoptodocdartsl (TprdochaTsl) MOTYIAIOTCS HarpeBaHUEM
CMECH KHCIIBIX COJICH B 3aJaHHOM MOJIIPHOM OTHOIIICHUH.

NaH,PO, + 2Na,HPO, — NasP;0,9 + 2H,O (400 — 500 °C)
NaPO; + NayP,O; — NagP3;04g (400 — 500 OC)

6. ®ochonurpuaxiiopua PNCl, momydaercs 3amenieHueM B
moiekyie PCls Tpex aromoB Xjopa Ha a3or.

PCls + NH,Cl — PNCl, + 4HCl (250 — 350 °C)

[TonydeHHBI MPOAYKT TpUMEPU3YETCS C  00pa3oBaHUEM
MIPO3PAYHOMN BJTACTUYHOU MACCHI.

Crtpoenne

Camblil  XapakTEpHBI CTPYKTYpHbIA (parMeHT  COAEPKUT
NSATUBAJICHTHBIM  YETBIPEXKOOPAMHUPOBAHHBIM atoM ¢ocdopa, OT
KOTOPOTO OTXOIUT TP OJWHAPHBIC W OJHA TBOMHAS CBs3h (OOBIYHO K
aTOMY KHCIIOPOJIa).

CrpykrypHbie  (opMysbl  OpoTOPOCHOPHO KHCIOTHI U €€
XJIOpAHTUIpUJia — okcoTpuxjopuaa dhocdopa:

(8] 18]
[ — I | R
HO —P— OH |g—f|*—g|
]
IOH Il

CtpyktypHbie (oOpMyiabl aHUOHOB (HOCPOPHOM KHUCIOTHI —
muruapodocdara, ruapodocdara u pocdara:

1) 0| 1)
| I I
“0—P—OH 9|Q—P|'—QH “o—P—o0f
- |
OH or 0
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CtpyKTypHBIE dopmynbel  tupodochopHoit KHUCJIOTHI,
KHMCJIOTO U cpeaHero nupodocdara:

0| 1] 0] 0l
HQ—E’—Q—%‘—@H HQ—E*—@—'IL—@H
ILOH |(|_)H |(|_)ig |{|g?

0 0
ﬁ&—#—@—%—@ﬁ
li'f |{|;Jv|e

Ctpoenue Tpuoprodochar-uona (tpudocdar-noHa):

0l 0| 0l
| | I
= — — _
@—f—Q—P—Q—P—@F
| |
oF or or

CtpyktypHbie  ¢pparmMeHThl MeTadoCPOpHOM  KHUCIOTHI U
MeTtadocdar-uoHa:

0| 0]

| _ Il _
—P—0— —P—0—

| |

|OH of

Meradochopras  kucimora U MmertadocdaTbl  ABISIOTCA
ITUKIUYECKUMHA MOJIEKYJIaMH, cojiepKarmumu Tpu (TpumeradocdarTsi),
yetelpe (TeTpameradocdarel) miau mecth (rekcameradocdarsl) TaKUX
CTPYKTYPHBIX (hparMeHTOB.

DOoCHOHUTPUIXIIOPU COJAEPKUT B CBOEU CTPYKTYpE 3BEHO
aTOMOB!
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@
—P=N—
|
[e}

OH o0pa3yeT UMKIMYECKH TpUMEp U HEPa3BETBICHHBIN
OJIMMEDP C TAKUMHU IJIEMEHTAPHBIMU 3BEHBSIMU.

B coemuueHmsx ¢ochopa P peammsyrorcs m Goiee peikue
BAJICHTHBIC COCTOSTHHS C KOOPAMHAIIMOHHBIMU YUCJIaMU 5 (TTeHTaXJIOpH/I

docdopa PCls) u 6 (rexcadropodochar-non PFg ).

C F F|
Dp @ P
- | E-| "F
[e] F|

Pdu3nuyecKue CBOMCTBA

[Tentaxmopuna pochopa PCls — 6ensie kpuctamisl, mwi. 166 °C.

Oxcorpuxiopus,  pocpopa POCl; — OecrnBerHas JeTydas
KUIKOCTh, 1. +1 °C, xun. 106 °C.

Oxkcokucnorel pochopa HzPO, H4P,0; u HPO3; — TBepabie
JISTKOTTaBKHE BEIIECTBA.

Kucneie comu okcokucinor ¢docdopa — TBEplble BEIIECTBA,
pasyararoTcs Ipy HarpeBaHUH.

Cpennue coiu — TBEpAbIC BEIIECTBA, yCTOMYMBBIC K HArPEBAHHUIO,
TIaBSTCS.

XUMH4YeCKHe CBOMCTBA

1. OOMeHHbIE peaKIu.

la. Okcuapl, THAPOKCHIBI, TaJOTECHUJBI M OKCOTAJOTCHHIBI
dochopa P  sBusroTcss  BemeCTBAMHM  KHCJIOTHOH — IIPHPOIBL.
[IpogykTamMmu uX rujapaTallid W Tuapoaus3a sBisierca ¢ocdopHas
kuciora H3PO,, ipu nelicTBUM 11e5104el rnepexoasiias B CONH.
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P4O10
PC|5 + Hzo — H3PO4 + HCI

POCl, HCI
POy, , NaOH HZ’;&%‘ , HO
HsPO,  NaCO; Na3P044 CO,
NaH,PO,
PCls NaOH H.O
+ — Na,HPO, + NaCl +
POCI 3 Na,CO3 NagPO, CO,

16. Cocrosinue ¢docdar-uoHoB B pactBope. Cuna dochopHoit
KHACTIOTHI TIO OTAETBHBIM CTYIEHSM 3aMeTHO (TpUMEpHO Ha TISThH
TOPSIZIKOB)  OTJIMYACTCS, TaK 4YTO MOXKHO BBIJICIUTh HHTEPBAIIBI
npeoOaagaHusa NPOTOHUPOBAHHBIX GopM docdaTos.

Kyu=71-10° K,=63-10° Kpg=42-105

Ob6nacTtu npeobisiajanusi TPOTOHUPOBAHHBIX (hopM (pocdaT-nona
NpUBEACHBl HAa PUCYHKE. TaM >K€ NPUBEIACHBI 3HAYEHUS BOJOPOJIHBIX
noKasartesieit 1 pacCTBOPOB YKa3aHHBIX KOHIIEHTPAIIUA.

H,PO, \/ H,PO? \/ HPO2® \ / PO;°
2

0 7 12 14 pH
H3PO4 NaH,PO, Na,HPO, N33P04
01M pH15 1% pH4.6 1% pH89 1% pH121

[TepemelticHrie BIPABO MO JUArpaMMe JOCTUTaeTcs 100aBICHHEM
BEIIICCTB OCHOBHOrO Xapaktepa (Ieiodeid, KapOOHATOB, aMMHaKa),
IepEMEIICHHE BIIEBO IPOUCXOAMT IMPH JACHCTBUM KHCIOT, UX
AHTUIPHUIOB, KUCIIBIX COJICH.

1. Cocroganue nupodocdar-uoHoB B pactBope. Cuia
nupopocHOpHON KHUCIOTHI MO MEPBBIM JIBYM CTYIEHSIM OTJIMYAETCS
HE3HAYUTENIbHO, KOHCTAHThl JIUCCOLUMAIMM MO TPEThEd U YETBEPTOU
CTYTIEHSIM JOCTATOYHO OJIM3KHU.
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Kgu=1-10' Kp=11-10°
K=29-10" Ky4u=36-10"°

[ToaToMy 3aMelieHHE€ HMOHOB BOAOPOAA NPOTEKAET MO JABYM
CTYNEHSAM Cpa3y U IO JBYM CTyneHsM nmoTtoMm. O0sacTu npeodiagaHus
OPOTOHUPOBAHHBIX (PopM mHpodochaT-uoHA TPUBEAECHBI HA PUCYHKE.
Tam e nmpuBeIeHbl 3HAUEHUSI BOJOPOJHBIX IMOKa3aTesen JjIsl pacTBOPOB
yKa3aHHBIX KOHIICHTPAIIHA.

H413|'20.,\|/ H,P,0;" \/ P,0;° |
0 1 7 14 pH
NaQH2P207 Na4P207
1% pHA4.2 1% pH 10.2

B BoagHOM pacTBOpe mpu XpaHeHUH nupodocopHas KHUCIOTa
nepexoauT B (dochopHyro. B  u30biTKE 1enoun nupodocdaTsl
nepexoasT B pocdatsl.

H4P207 + Hzo — 2H3PO4,
Na,P,O; + 2NaOH — 2NagPO, + H,0.

1r. Coctosinue metadocdar-uoHOB B pacTBope. MeradocdopHast
KHCJIOTa SIBJSIETCS JOCTaTOYHO CcuibHOM. [ TpumeradocdopHoit
xuciorsl (HPOs); koncranTa muccommarmn Ko =9+ 10 °. TTOCKOIBKY
Ka 1 Ky 10DKHBI OBITH €Il Bbilie, TO MeTahoCPOpHYIO KHUCIOTY
MOJKHO CUMTaTh CHUIBHOW KMCJIOTOM. B mepecuere Ha OJHY CTYyIEeHb (M1
dopmynsHOM equauIEl HPO3) muarpamMma cOCTOSIHUSI HIMEET B

HPO, \ POS
0 2 7 14 pH

B BomHOM pactBope MetadocopHasi KHCIOTA TMOCTEHIEHHO
nepexoauT B ¢pochopHyro. B n30bITKe 1mienoun meradocdarsl 00pa3yroT
¢docdarel. IT0 03HayaeT paspbiB MOocTUKOB P-O—P B metadochopHoit
KHUCIIOTE.

HP03 + Hzo — H3PO4,
NaPO; + 2NaOH — NagPO, + H,0.
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1n. OcaxneHue KalbIMEBBIX coyieil OpTO(POCHPOPHON KHUCIIOTHI.
Cpenn docdatoB KaabliMsl €CTh TOJBKO OJHO PAacCTBOPUMOE B BOJIC
coenunenne — quruapodocdar kanpus Ca(HoPO,),. dpyrue docdarsr
OCAXIAOTCS M0 PEAKLIHSIM:

Nap,HPO, CaHPO, - 2H,0 NaCl
CaC|2 + Na,HPO, + NH3 — C3.3(PO4)2 + NaCl + NH4C|
NagPO, Cag(PO,4):0H Na,HPO,

N3meHeHnre coctaBa MPOIYKTOB OCaXKICHUS, BhIpAKAIOIIEECS B
BO3pAaCTaHUM OTHOIICHHUS 4YHCJa aTOMOB KaJIBIIUS K YHCIy aTOMOB
dochopa B dhopMysbHON eaUHUIIE OCa]Ka, OOBSICHSAETCS HapacTaHUEM
mienouyHoct  cpeasl. Cmech rugpodocdara aMMOHUS M aMMHUaKa
ABJISIETCS ~ MEHee WIEJIOYHOM, uYeM pactBop Qocdara Hatpus,
MIO/IBEPTAOIIETOCS CHUIBHOMY THAPOJIN3Y T10 TIEPBOM CTYIICHH.

Ocanku ¢ocdaToB Kanabldsg pacCTBOPUMBI B CHIIBHBIX KHUCJIOTax
onarogapsi oOpazoBaHuto (HochopHOM KUCIOTH Win Auruapodocdara
KaJIBITHS.

le. Ocaxnenue cepeOpsiHBIX cojeil  (POocPOpHBIX KHUCIHOT.
[TporcxoauT B HEUTpaILHOU U CJIa0OIIEI0UYHON cpenax.

NaPO3 AgPO; Genbrii
AgN03 + NaP,O; — Ag4P207 oenerii  + NaNO3
Na,HPO, AgsPO, xxenTolii +NaH,PO,

B kucnon cpene ocagku pacTBOPSAIOTCS, @ B CHJIbHOIIECJIOYHOU
cpele TMPOUCXOJIUT OCAXKICHUE OKCHJa cepedpa u3-3a BBICOKOM
MIEJIOYHOCTH pacTBOpa Gocdara HATPUSI.

2AgNO; + 2NagPO, + H,O — AQ,0 + 2NaNO; + 2NaHPO,.

Ocanku docdaToB cepedpa pacTBOPSIOTCS B KUCIOTaX, pacTBOPE
aMMHaKa U THOCYyJIb(aTa HATPHSI.

AgPOs HNO; AgNO; HPO;
AgiP0; +  NHz  — [AgQ(NH3)JOH + (NHg).HPO, +H,0O
AgzPO, NapS0s3 Nas[Ag(S:03)] NagPO,

© 2011-2012 A.A.Cubupkun



34

1x. B3aumHoe npeBpaieHue (HocPOpHBIX KUCIOT U UX COJICH.
. +5
Cwm. nonmyuenue coenqunenuit pochopa P~ 1. 4, 5.

13. Tepmuueckoe pasioKEHUE KHUCIBIX COJEH M aMMOHUMHBIX
coneili. CoCcTaB MPOAYKTOB ONPEAECHAETCS COOTHOLICHHEM HENETYUHX
Havan (MOHOB METAJUIOB, aTOMOB (hocdopa) B MCXOIHOM COCIUHCHHH
WJIU UX CMECH.

2NaH,PO, — Na,H-,P,O; + H,0O (160 OC),
NaH,PO; — NaPO; + H,0 (250 °C),
NaNH4HPO4 — NaP03 + NH3 + Hzo,
2Na,HPO, — Na,P,O; + H-,0,
2M gN H,PO, — M g2P207 + 2NH3 + H,0,
NaH-PO, + 2Nay,HPO, — Na5P3010 + 2H,0,
NaPO; + NayP,O; — NagP304,.

lu. IlpeBpaieHue cosell OJHUX HM3OMOIUMKHUCIOT (ocdopa B
apyrue. K aToMy TuIy peakiuii OTHOCHTCS TEPMHUYECKOE Pa3IOKEHUE
nupodocharoB u B3auMmozeiicTBue wmetadocdaTtoB ¢ OKcUAaMH,
TUAPOKCUAAMU WM KapOoHatamu MetaiioB. O6a 3TuX Tmpoiiecca
NPUBOJAT K YBETUYCHHUIO OTHOIICHHS YUCJIa aTOMOB MeETalljla K YUCITY
atoMoB (ocdopa, T.e. HAKOIJICHUIO HEJIETYYMX Hadyall B MPOAYKTE
peaKimu.

6CaP,0O; — 4C&3,(PO4)2 + P,Oqg (1200 OC),
Ca(PO3), + 2Ca0 — Cag(PO,)..

1x. OO6pazoBaHue M30II0JINCOEIUHEHU N C aHUOHAMU
KUCJIOpOJICOAEpXKAaUX KUCIOT Qochopa B Jpyrux BaJICHTHBIX
cocrosHuAX. Tak, ruaponu3 Tpuxjiopuaa docdopa (XJIIOpaHTHIPHUIA
dochopurcToit KUCIOTHI) pacTBOPOM (HOCHOPHON KHUCIOTHI MPUBOJUT K
dbochopuctodochopnoit kucimore HsPoOg.

PC|3 + H3PO4 + 2H20 — H4P206 + 3HCI (50 OC).
CrpyktypHas popmyna pochopucrodocdopHOil KUCIOTHI:
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|0 18]
I |

H—P—0—P—0OH
| |
HO| IOH

®dochopucroochopHas KUCIOTa SBISETCS  TPEXOCHOBHOM
(comep>uT TpPU  THUAPOKCHIIBHBIC  Tpynmnbl). OHa  MOPOSBISET
BOCCTAHOBUTEIbHBIE CBOMCTBA 3a cyerT cBa3u P-H, mono6Ho
dbochopuctoit kuciaore. B Kuciaoil cpene mNpPUCOSAUHSIET BOAY C
obOpazoBanueM pocdopucroit u pochopHOIt KUCIOT.

H4P206 + Hzo — H3P03 + H3PO4.

®dochopucropochopHas  KUCIOTa  SBISETCS  H30MEPOM
dbochopHOBaATOI KUCIOTHI.

11. O6Gpa3zoBaHu€e reTepoOnoIMCOSIUHECHUMN.

['ereponionucoenMHeHus OOpa3yloTCcsl JEUCTBUEM KHUCIOT Ha
cMech coneit  (ocPopHOM  KHUCIOTHI W MOJUOJECHOBOM WM
BOJIb(PpaMOBON KHUCIOTHI. M30/MpOBaHHBIE UOHBI 00Pa3yIOT CTPYKTYPY
Kerruna, B xotopoit docdar-uoH oKpyXeH ABEHAAIATHIO OKTadJApamMu
Mo0Og nmn WOg. Metadocdarsl n nupodocdaTsl B Takyro peakuio HE
BCTYIAIOT, TaK KaK HE COJIEpKAT U30JIMPOBAHHBIX (pochaT-nOHOB.

NaH,PO,
Nairor + NaMoOL
Na3PO4 2", 4

H3[ PM 012040] : 2H20l

+ NaNOs + H,0O

Ha[ PW1,04q] - 2H,0] ’

OOpa3zoBaHHUE OCAJKOB SIBISETCS KAUYECTBEHHOW peakiuend Ha

dochopuyro kuciory u dhocdar-uonbl. Ocagku paCTBOPHUMBI B IIEI0YaX
¢ 00pa3oBaHUEM MCXOJHBIX MTPOCTHIX COJIEH.
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2. OKUCIUTENbHO- BOCCTAHOBUTEIbHbBIC CBOICTBA.
o o +5
HexapakTtepHas rpyIia peakuuii 11 coenuHenuit ocdopa P

2a. Coenuuenns dochopa P He MOTYT GBITH BOCCTAHOBHTEISIMU
+5
3a cyeT ochopa P 7, Tak Kak 3TO — BBICIIIAsl CTETICHb OKUCIICHUSI.

20.  OxucnutenbHble  cBoMcTBAa  (OCHOPHOM  KHUCIIOTHI
+1 .
o0ycJ0BJIeHbI aTOMaMu Bogopoaa H' -, nanpumep:

Mg + 2H3PO, — Mg(H2POy) + Ha.

OTUM cBOMCTBOM (hocopHasi KHCIOTa MPOAOJIKAET PAM KUCIOT
HCIO; — H,SO4 — H3PO,4, KOTOpBIE OKHCISIOT B PacTBOpE 3a CYET
atoMoB Bomopoga H'™'. B 9ToM psigy CHIDKAeTCS OKHCIHTEIbHAS
aKTMBHOCTh AQHHOHOB B COCTaBE KOHIIEHTPUPOBAHHBIX KHCIIOT.
OTcyTcTBUE  OKHMCIMTEIBHBIX CBOWCTB  (ocdar-uoHa MO3BOJISET
UCIOJIb30BaTh  (HOCPOPHYIO KHUCIOTY JJISI BBITECHEHUS JIETy4HMX
BOJIOPOJIHBIX ~ COCAMHEHMH,  OO0JaJaloIUMX  BOCCTAHOBUTEIbHBIMU
cBolicTBamu, B ToM uuciie PH3, SiH,4, H»>S, HBr, HI.

2B. BoccranoBienue ¢ochar-uoHOB YrieM MpU  BBICOKOM
TEMIIEpaType MPUBOJIUT K MOJYUYEHHUIO MPOCTOro BemiectBa (ocdopa.
Cwm. momyueHue mpocToro BemiecTsa gocdopa.

2r. Boccranosinenue 10 Qochunon. IIporekaer ¢ yuactuem
BELIECTB, 00J1aJA0IINX BBICOKUM CPOJCTBOM K aTOMaM KHUCIOPOAA.

CO

Ca3(PO4)2 + A|203

Al Caby

IIpumenenue
®ochopnas kucinora Hi;PO, npumensercas B NpoU3BOJCTBE
dbochopHBIX yn0OpeHHUil.

4H3PO,4 + Cag(PO4), — 3Ca(H,PO,4), (nBotinoii cymepdocdar)

NH4H,PO,

F5PO, + NR; = (NH,4)o,HPO,

(ammodoc)
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Kucneie Qocdarel kanusi, Kbl W aMMOHHUS SBISIOTCS
MHUHEpaJbHBIMU YI00PEHUSIMH.

I'mapodocdar kanbius CaHPO, - 2H,0 sBisiercs KOMIOHEHTOM
3yOHBIX MMACT U 3yOHBIX IEMEHTOB.

[Tomumeradochatel Hatpusi NagP30g 1 NagPsO1g cnonb3yior B
IIPOU3BOJICTBE CTEKJIA, MOIOIIUX CPEACTB (IETEpreHThl I CTHUPKH,
OYUCTKY METATMYECKUX MTOBEPXHOCTEH TIepe]] HAHECCHUEM ITOKPBITHH),
KaK CpelncTBa I yMATYCHHS] BOJIBI (OHU CIOCOOHBI OOpa3OBLIBATH
KOMIUICKCHBIC COCIMHCHUS W WOHAMH KajbIlUs W MarHus), Kak
KOMIIOHEHTBl 3YOHBIX TacT, Uil TPOTHUBOIOXKAPHON 00pabOTKU
JAPEBECUHEI (3aMETUTEIIN TOPEHUS).

ITupodocdar Hatpuss NayP,O; — KOMIIOHEHT 3JEKTPOJUTOB IS
HAHECEHUS] MEIHBIX MOKPHITUN HA METAJLIIBI.

Huruapopochar xamus KH,PO, u ero jgelitepupoBaHHOE
npousBogHoe KD,PO; —  cerHerosjekTpukd, MOAYJISATOPHI H
npeo0pa3oBaTeNM YaCTOThI B JJa3€PHON TEXHUKE.

Kucnsie ¢ocdarsl HATpUst U KaJIUsl — KOMIIOHEHTHI OYy>KEPHBIX
PacTBOPOB, MUTATEIBHBIX CPE ISl BBIPALIUBAHUS TPUOOB U JIPOXIKEH.

OptodocdaTr HaTpUsi — KOMIIOHEHT MOIOIIIUX CPEJICTB.

buosiornueckasi poJib

I'mppokcunanatur  Cag(PO4)sOH  sBisercss  MUHEpalbHOM
OCHOBOM KOCTEH U 3yOOB YEJIOBEKA U YKUBOTHBIX.

Aneno3unTtpudochopHas kuciiora (ATD) coaepKUT HENoUYKy U3
Tpex ¢ocdaTHbix MOHOB. OTIIEIJICHUE OJHOTO 3BEHA IIETIOYKHU O]
neiictBueM (EPMEHTOB MPUBOAUT K aneHO3UMHAU(DOCHOpHON KHUCIOTE
(AI®) wu tugpodocdaT-uoHy. IDTOT TMPOIECC COMPOBOKIAACTCS
BbIJICJIEHUEM OOJIBIIOTO KOJIMYECTBA SHEPTUH B TKAHAX YKUBBIX CUCTEM U
00eCIeYnBaeT UX JKU3HEACITEIILHOCTb.
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DOOCDOOP
CocTaBuUTeENb.

Anexkceit AnekceeBud CuOUpKUH

KoHCIeKT nekui 1o Kypcy HeOpraHu4eCKOu XUMHAH
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