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Obuwas xapakmepucmuka

nS°nP? — cTpoeHme BHELLHEro 3HepreTUYECKoro YPOBHS
Ha BHeLUHEM YPOBHE S 3NEKTPOHOB

YBenununBaeTcs KONMYECTBO SHEPTeTUYECKMX YPOBHEN B
aTome

YBenuymaerca paguyc atoma
0CrnabnsaeTcs NpUTSXKEHWE BaneHTHbLIX 3NEKTPOHOB K A4pY

0CnabngaTca HeMeTannuyeckmne N oKMCnuTenbHble
COUCTBA

BO3paCTalT MeTannn4Yeckune 1 BOCCTaHOBUTENbHbIE
CBOMCTBA

90 yMeHbLLIaeTcs
Hu3Lwas cTeneHb OKUCNEHNS B COEAMHEHNSX -3
Bbicluast cTeneHb OKUCIIEHNS! B COEANHEHUAX  +5



A30m — npocmoe seuwjecmeo

Monekyna a3ora (N — N) N2

B monekyne umetoTca ogHa O- 1 [iBe TI- CBA3M.

Monekyna o4eHb YCTOWYMBA (TPKU KOBANeHTHbIE CBSA3M), MO3TOMY
0bnafaeT H13KOW PeakLMOHHOW CNOCOBHOCTBIO.

OtkpbiT [.Pesepdopaom B 1772 T.
OCHOBHOW KOMMOHEHT BO3AyXa
(78% no obbemy, 75,6% no macce).

a3, 0e3 LipeTa, 3anaxa 1 BKyca; nyioXo pacTBOPUM B BOAE, He
NOAJEPXMBAET AblXaHWe U TOPeHIe

t° kun.= -196°C; t°nn.=-210°C.
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Xumuyeckue ceolicmea asoma

Monekyna asoTa 04eHb YCTONYMBaA (TPY KOBANEHTHbIE CBA3W),
noaTomy obnagaeT HU3KOW PeaKLMOHHOW CMOCOBHOCTLIO.

B XMMuueckux peakLmax MOXEeT BbICTyNaTh B PON Kak
BOCCTAHOBUTEIA.

N20 T 7 ooy

Tak 1 B ponu OKUCITUTESIA. NZO 5 g 2N3



I BoccmaHosumerbHble c80licmsea aToOMbl MPOSABNAT NPU
B3aMMOAEWNCTBUM C KACIOPOAOM Npu TemnepaType
ANeKTpUYeckon ayru

N20 +0,- - 2N*20
(B npupoae - Bo BpeMs rposbi)
OkucnumernbHble ceolicmea aToMbl MPOABNSAOT NPy
B3aMMOZENCTBUI C METanIamm u BO4OPOAOM:
N20 T3 i 2N'3H3
B3aMMOZEVCTBME C aKTUBHbIMU MeTasnnamu (C LWenoYHbIMMU 1
LLIeN0YHO3EMENbHBLIMMU)
Ny 00bIYHLIX YCNOBUAX a30T B3aMOLENCTBYET TOMNLKO C MIUTUEM:
6LI° + N20 2Li3N'3
3Mg° + N’ Mg,,N, > npu HarpesaHuy
B pesynbtaTte B3aumoaencTBng 00pasyoTcs HUTPUALI METansos




[lonyyeHune a3oTa

[poMbiwnerHbIU cnocob:
[leperoHka Xuakoro Bo3ayxa.

JlabopamopHb1ii cnocob:
Pa3noxeHne HUTpUTa aMMOHUS:
NH,NO, - N, +2H,0

PaccmoTpuTe OaHHY0 peakumto Kak OKUCTIUTENHO -
BOCCTaHOBUTENbHbIN NPOLIeCC




AMMUaAK NH3

Monekyna nonspHas, UMeeT (popMy TpeyrosibHoW nupamuabl
C aTOMOM asoTa B BepLumHe, yron HNH = 107,3°. Atom
a30Ta HaXoaMTCA B SP>- TMBPUAHOM COCTOSHUM, U3 YEThIPEX
rmbpuaHbIX opbuTanen asota TpK y4acTBYOT B 06pa3oBaHuu
oanHapHbIx cBa3en N-H, a yeTBepTas CBA3b 3aHATa
HenogeneHHON 3MEKTPOHHON Napowl.
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NH, - 6ecuBeTHbI1 ra3, 3anax peskui, yaywWwnmebli, AQ0BKUT, Nerye Bo3ayXxa.
t° Kun.= -33,4°C; t°nn.=-78°C.
Monekynbl aMmMuaka cBsidaHbl cnabbiMy BOAOPOAHBLIMU CBSI3AMM
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BopopoaHas cBA3b -3TO XMMUYECKas CBA3b MEXAY aTomaMu Bogopoaa u
aToOMaMM CUNbHO3NEKTpooTpuLlaTensHoro anemeHTa (F, Cl, O)

Bnarop,apﬂ BOAOPOAHBLIM CBA3AM, aMMUaK UMEEeT CPaBHUTENbLHO BbICOKMUE
t°kun. n t°nn., a TakkKe BbICOKYIO TEMMOTY UCMAPEHUS, OH NErKO CUMaeTCS.
Xopolwo paCTBOpMM B Boge: B 1V H,0 pacTeopsetcsa 750V NH, (npu t°=20°C
u p=1arm).



B xopoluen pacTBOPUMOCTM aMMMaKa MOXHO
ybeguTbea Ha cnegyrowem onbite. Cyxyro
KOOy HanoNHAKT aMMUAKOM M 3aKPbIBalOT
NPOOKON, B KOTOPYIO BCTaBNeHa TPyOKa ¢
OTTAHYTbIM KOHUOM. KoHel Tpybku onyckaroT
B BOAY U KONOY HEMHOIo NOAOrpeBaoT.
Ob6bem rasa yBenuunBaeTcs, U HEMHOro
aMMMaKa BbingeT U3 Tpyoku. 3atem
HarpeBaHWe NpeKpaLyarT u, BCrneacTBue
CXaTuA rasa HeKOTopoe KONM4ecTBO BOAbI
BougeT yepe3 TPyoKy B konby. B nepBbIx xe
Kannsx BoAbl aMMuaK pacTBOpMUTCS, B Konobe
co3pacTtcsa BakyyM U BoAa, Nof, BIIMSAHUEM
aTmocchepHoro aaBneHus oyaet
NOAHUMATLCA B KONOY, - HA4YHeT "OunThb
tpoHTaH".
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[pomMbILNEeHHbIN CNOCOD:

N, +3H,— 2NH,
(p=1000 atm; t°=500°C; kat).
JlabopaTtopHbIN cnocob: HarpesaHue
coMien aMMOHMS CO LLienovyamu.

2NH,Cl + Ca(OH), - CaCl, +2NH, + 2H,0
(NH,),S0, + 2KOH K SO, + 2NH, + 2H,0

[lony4yeHue



AMMUAK MOXXHO cODMpaTh TOMbLKO MO MeToay
(A), T.K. OH nlerye Bo3ayxa 1 04eHb XOPOLLIO
PacTBOPUM B BOJE.

Qlu. l'
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Xumuyeckue ceoucmea NH3

O6pa3oBaH1e KOBaNEHTHOMN CBSA3N MO JOHOPHO-aKLeNTOPHOMY
MexaHu3my

Takon mexaHu3M 0bpa3oBaHms CBSI3W, KOTOPbIN
BO3HMKAET 3a CYET CBODOHOWM 3NEKTPOHHOM Napbl,
MMeloLLiencs y 0AHOro 13 aToMOB, Ha3bIBAETCH
[OHOPHO- aKLEeNTOPHbLIM.
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PacTBop amMmuaka B BoAe (ammmadHas Boaa,
HaLLaTbIPHbINA CNIMPT) UMEET LLENOYHYH peakLito (nakmyc
— CUHUI; peHongTanenH — ManuHoBhbI) 13-3a
o6pa3OBava rmapokcmaa aMMOHUS.,

NH, +H,0 - NH,0H —— NH,*+ OH

AMMUAK pearmpyeT ¢ Kucrnotamu ¢ 06pa3oBaHNEM
coNlen aMMOHUS.
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AI\Z/IMI/IaK-BOCCTaHOBI/ITeJ'Ib(OKI/ICJ'IFIeTCFI ao N.°, N.*'0,
N*20)



[‘opeHune B Kucrnopose 0es katanmsatopa
4N'3H3 +30, — 2N, +6H.,0
KaTanuTuyeckoe okucneHue ( kat = Pt)
4N'3H3 +50, — 4NO+6H,0
BoccTtaHOBNEHME OKCWMAOB HEKOTOPLIX METarNoB
3Cu™0+2N°H, — 3Cu+N,’+3H,0

PasnoxeHne npun HarpeBaHuu
2N'3H3 %, B3,



Conu aMMOHUS

Conu aMMOHUS — CIOXHbI€e BELLECTBa, B COCTaB KOTOPbIX

BXOZAT KaTOHbl ammoHus NH 4+, CBSA3aHHbIE C

KWCIIOTHBIM OCTaTKOM.
Pdusnyeckne CBOUCTBA
Kpuctannmyeckme BeLLECTBA, XOPOLLO PacTBOPUMbIE B
BOZE.
[lonyyeHue:
AMMUAK (MM TMAPOKCIL aMMOHWS) + KCnoTa.

NH, + HNO, —— NH,NO, (HuTpat ammoHusi)
2NH,OH +H,S0, — (NH,),SO, +2H,0

(cynb@ar ammoHus)



Xumuyeckue ceoticmea cosneu
aMMOHUS

CunbHble 3NeKTPoNnThI (AUCCOLUMPYIOT B BOAHBIX
pacTBopax)
NH,Cl —— NH,*+CI
Pa3noxeHue npu HarpeBaHuu;
NH,Cl — NH, + HCI
NH,HCO, _.NH, +H,0 + CO,
NH;NO, °.N.0 +2H.0
(NH,),Cr,0, _ N, +Cr,0,+4H,0
[locneaHue aBa npouecca SIBASOTCS OKUCTUTENbHO-
BOCCTaHOBUTENbHbIMW PeakLsiMA; YpaBHSNTE METOOOM
3MNEeKTPOHHOro banaHca




. Xumuyeckue ceolicmea conell
aMMOHUS

B3aumodelicmsue ¢ kucriomamu
(NH,),CO, + 2HCI—— 2NH,Cl+ H,0 + CO,

2NH +CO + 2H"+ 2CI %ZNH +2CI'+H20+CO2
C02+2H+ * B HO+CO

B3au1vlodeucmeue C consamu
(NH ) SO Ba(NO ) BaSO + 2NH NO

2NH," + SO 2+ Ba2+ +2NO, BaSO + 2NH +2NO,
Ba?* + SO, NG, BaSO

KayecmeeHHas peakuun Ha NH '
[pu HarpeBaHuK CO LENoYaMu BbiAENSETCH aMMuUaK

NH,Cl+NaOH __ NaCl+NH,+H,0
[lo 3anaxy ammuaka MOXHO cyoumb 0 HanUYuu Cosu aMMOHUS.



|/Y [IpumeHeHue coneli aMMOHUS

Xnopud ammonusi NH,Cl:

MCMOMb3YT NPY NasHUK, OH OYMLLAET NMOBEPXHOCTbL MeTanna ot
OKCMZHOW NMEHKK, 1 K HEW XOPOLLIO NPUCTAET MNPUMOMN.

['udpokapboHam ammoHusiNH, HCO, u kapboHam ammoHus
(NH,),CO,
NPUMEHSIOT B KOHOUTEPCKOM [ene, TaK Kak OHW NErko

pa3naraloTCs Npu HarpeBaHWK 1 00pa3yioT rasbl, PaspbIXNstoLLIMe
TECTO W [enatoLLiye ero MNbllUHbIM :

NH,HCO, NH’t + H,0 + CO,}
Humpam ammoHusi NH,NO,

B CMECM C MOpOLLKamMm artoMUHIS W YIS UCMOTb3YIOT B KA4ecTBe
B3PbIBYATOrO BELLECTBA — aMMOHana, KOTOPbIA LMPOKO
NPUMEHSIETCS MPY NMPOU3BOACTBE FOpHbIX PaboT.



Okcuob! azoma
+1 +2 +3 + +
N,*'0, N*20, N,"0,, N*0, N, *0,

Okemapl N,O, NO Heconeobpasytolye, a ocTanbHble
OKCK/b! NPOSABAAIOT CBOWCTBA TUMNYHbIX KUC/TOMHbIX

OKCUQO8:
N,O, —— HNO,
NO, npu pacTBopeHn B Bofie JAa€T 0JHOBPEMEHHO ABe
KUCMOTbI:
2NO, +H,O  — HNO, + HNO,

4NO, + 2H,0 + 0, — 4HNO,

Kak TUnn4YHble KMCMOTHbIE OKCUAbI B3aUMOAEWUCTBYIOT C
BOOW, C OCHOBHbIMW OKCUAAMW 1 OCHOBAHUAMM —
NOATBEPANTE 3TO YpaBHEHWUAMU COOTBETCTBYHLLUMX peakLun.



'A3omHas kucrioma HNO3

O

% sl

@usuyeckue ceolicmea
becLBeTHas XUAKOCTb, HEOrPaHNYEHHO pacTBopuMast B Bofe; t°
nn.=-41°C; t°kun.= 82,6°C, r = 1,52 r/lcm3

OyeHb cunbHas kucnota. uccoumnpyeT B BOAHOM PAcTBOPE

NPaKTUYECKN HaLeNo:
HNO, ~ H'+NO;



HNO3 obnagaeT BCeMu CBOMCTBaMMU,
XapaKTepHbIMU ANA TUMUYHbLIX KUCHOT:

B3aumodeticmgyem ¢ OCHOeHbIMU oKcuoamu:

CuO + 2HNO, —— Cu(NO,),
B0+ 21 £ INO 1 G LoD H,0
CuO +2H* —— Cu? +H,0

B3aumodelicmeyem ¢.0CHO8aHUAMU:

HNO, + NaOH —— NaNO, +H,0
H*+ NO, + Na* FOH "Na"#NO, + H,0
H"+OH . HO

BbimecHsiem crniabble KUCﬂOmbI U3 ux coneu:

2HNO, + Na,CO, ——- 2NaNO, +H,0 + CO,|
2H*+ 2NO, ¥ 2Na* + CO.2 __ “2Na®+2NO, +H,0 + CO, |
2H"+C0,>” '« "H,0+CO,"



Cneunduryeckne cBONCTBa a30THOW
KUCMOTbI

HNO3 CU/TbHbIU OKUCIUMEb

Pa3naraeTca Ha CBETY W NPU HarpeBaHuy

4HNO, — 2H,0 +4NO,/+ 0,
OkpalumBaeT Oenku B OpaHXeBO-KeNThlil LIBET (MpX nonagaHuy Ha
KOXY PYK - "KCaHTONPOTEUHOBAS peakuusa”)
[1py B3aMmoOencTBum ¢ MeTannamu HuKorga He BblaenseTcs
BO4OpO.

merann + HNO,—. conb a3oTHoI4 kucroThl + Boaa + ( NH3, N2, NO, NOZ)



OKucnuTenbHble CBOWUCTBA HNO3

B3zaumoodeticmsue ¢ memarnnamu:

Fe, Al, Cr, Au, Pt HNO3 naccueumpyeT (6e3 HarpeBaHus)

OKuCNUTENbHbIE CBOMCTBA 3aBUCAT KaK OT KOHLIEHTPALMK
KUCNOTb! TaK U aKTUBHOCTU MeTanna:

HNO3 MPOSIBNISIET OKVCTUTEMBHbBIE CBOVCTBA 3a CHET

+
atoma NP
[poayKTaM1 BOCCTaHOBIEHNS! a30Ta MOrYT BbITh:

N,O, NO, NO,, NH,



OKucnuTenbHble CBOWUCTBA HNO3

B3aumoodelicmsue ¢ Hememarnnamu.

AsotHas kucnota npespauaercsi B NO (unm B NOZ);
HeMeTanmnbl OKUCTAKOTCA 10 COOTBETCTBYHLMX KUCHOT:

S0+ HNO,(koHu) . H,§*0, + NO, + 2H,0
B’ + HNO, H,B"0. +N635
P°+HNO +H0 N N0+HP 0,

PaccmoTpuTe AaHHbIe peakuun Kak OKUCITUTENbHO-
BOCCTaHOBUTESIbHbIE NPOLECChI, YKaXnTe (hyHKLUM
BeLlecTB B AaHHbIX peaKuusXx.



Cornu a30mHoU Kucnomsel-Humpama|

Humpambi WenoyHbIx Memarnsios pafazaomes 00 HUMpUMOos:
2NaNO3 g5 2NaNO2 + O2

Humpambi-MeHee akmueHbIX Memanios. (0m Wen04HO3eMETbHbIX
0o Medu) pasnazaromcsi 0o OKCUA08:

B

2Mg(NO,), — 2MgO +4NO, + O,
2Cu(NO,),—— 2CU0 + 4NO,+ O,
Humpamb/ HauMeHee aKmUGHbIX Memarnnos pa3nazarmes, 0o
Memarinos:
Hg(NO,), — Hg+2NO, + O,
2AgNO 2AQ + 2NO + O

Humpam ammoHus pasnazaomes 0o N,O
NH,NO, . N.O+2H,0
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3HayeHuUe asoma

A30T- XU3HEHHO Ba)XHbIW 3NEMEHT.

Bce 0CHOBHbIE YacTy KNETOK OpraHu3Ma nocTpoeHb! 13 6enKoBbIX
MOIEKYI, B COCTaB KOTOPbIX BXOAAT aTOMbI a30Ta. bes benka HeT
XWU3HW, a 0e3 a3oTa HeT berka.

A30T BXOMT B COCTaB PacTUTENbHbIX BESIKOB, a XUBOTHbIE
rnosly4atoT rotoBble DENKOBbIE BELLECTBA OT PACTEHWUN, B
KMBOTHOM opraHuame cogepxutcsa ot 1 - 10 % asorta no macce.

borbluLoe 3HaYeHVE UMELOT 0COoBble DakTepumn, KOTOPbIE XUBYT B
KrnybeHbKax Ha KOpHSIX 6000BbIX paCTeHUN (KiTyOEHBKO8LIe
bakmepuu). It bakTepUM NpespaLlaoT aTMOCHEPHbLIN a30T B
COEVHEHWS], KOTOPbIE MOTYT YCBanBaTb PacTEHMS.



A30m 8 cocmase XU3HEHHO
BaXKHbIX MoseKyn benka
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