YK 373.5:54 [y—
BBK mm book 24.ru ::;3::::4:;“:;;:”

HINYUTAN-TOPOL,

MakeT nogrotosneH npu cogenctanm OO0 «ARANOHOMUKC

B Konnaxe Ha 06/10XKe 1CMO/b30BaHb! MANIOCTPALINN:
Drawlab19, Atakan Yildiz / Shutterstock.com
Wcnonb3yetca no nuueHsun ot Shutterstock.com

Masyp, OkcaHa YecnasoBHa.

M13 Xumma / OM. Masyp, C.H. HecBux-
ckmn. — Mockea : 3kcmo, 2022. —
256 c. — (EI B kKapmaHe).

ISBN 978-5-04-169509-5

M3paHve copepXnT KpaTKuiA CrpaBoOYHbIN
matepwan, HeOGXO,ElVIMbIVI Ana cncrematmsaunmn
3HaHWI NO XVMUW. npeﬂCTaB}'leHbl OCHOBHbIE Teo-
peTnyeckne ceefeHnA no npegmery. anBOﬂﬂTCﬂ
HarnAfHble TabnuLibl, yA0GHbIE AA 3aNOMUHAHNA.

CnpaBoUHVIK By/ieT noneseH yualmmca npm
MOArOTOBKE K YPOKaM, KOHTPOJbHbIM paboTam,
a TaKXe SK3ameHam.

YAK 373.5:54
BBK 247721

ISBN 978-5-04-169509-5
© Masyp 0.4., Hecemxckuia C.H., 2022

© 000 «AANOHOMUKCY, 2022
© O 000 CTBO «IKCMO», 2022




CopepxaHune

.}\ 1.00Waa XuMna .................... 8
1.1. OcHOBHble XMMIYECKUE MOHATUS . .. .8
OCHOBHbIE MOHATUA. .......uvvnes 8
(OCHOBHbIE 3aKOHDI. . ........vv..ss 10
CoBpemeHHble NpefCTaBneHuA
0 CTPOEHUM ATOMA . . .. 12
[lepropmyeckmil 3akoH

1 nepuoamnyeckas cucrema

anemenToB [l. . Menpeneesa. ..... 13
Xumnyeckas ceAsb

11 CTPOEHME BELLeCTBA. . ........... 18
BewwectBa monekynapHoro

1 HEMONEKYNIAPHOTO CTPOEHUA . . . . . 23
Xnumuueckas peakuma. ............ 26

. Knaceol HeopraHnyeckux

COBMMHEHNI . ..o e e 28
[0 28
OcHoBaHuA

11 amdoTepHble TUAPOKCAADI . ... . . . 33
Kucnotbi ..




CopepaHue

Hemetambl...........ccoouveee. 52
B3aumocBA3b paznnyHbIX KNaccoB
HeOpraHNyecKux BeLLeCTs.. ... ... 55
b
- 2. Heoprannyeckas xumma ......... 56

2.1. Knaccbl HeopraHuueckix BelLecTs. . .56
2.2. Metannb! IA-II1A nogrpynn
U WX COBOMHEHUA . ..veeeenn. 59
LLlenouHble meTannbl (IA rpynna) ...59
LLlénouHo-3eMenbHble MeTanbl

(A rpynma)......coovvenennnnn. 64

ANOMIUHII ¥ INeMeHTbI

L 70
2.3. llepexoaHble 3neMeHTbl

(ene3o, Xpom, Mefib, WNAHK) . ..... 74

MKene3o (VIIIB rpynna,

A-MNEPUOR) e evveeeeaeannn 74

Xpom (VIB rpynna, 4-it nepuog) ... .81
Megzp (IB rpynna, 4-it nepuog) . .... 87
Linkk (1B rpynna, 4-it nepuog) ... 93

2.4. dnementbl [VA-VIIA rpynn ......... 97
InemenTto! IVA TpyAnbl . ....... ... 97
InemeHTol VA Tpynnbl........... 101



Copep»kaHue

[T
Inementbi VIA rpynnbl ..........
Inementol VIIA rpynnbl. ... .....

g3 OpraHuyeckas Xumua...........

3.1. CTpoeHue opraHnyeckix
COBMMHEHNIA . ..o
3.2. Knaccndmkaums
OpraHMYeckmx BeweCTB. .. ......
3.3. HacblwweHHble yrnesogopogsl. . . .
AnKaHbl 1 UMKNOANKaHbI . .......
3.4. HeHacblLLeHHble YrneBOAOpofbl. . .
ANKEHBI. ...
ANKIHBL. v
AnKagueHbl .....oooiiiies
Apomatuyeckue yrneBogoposbl. . .
CnupTol v GeHombl . ... .v. .
Anbaernabl n kap6oHoBble
KACTOTBI .+ v vveeeeeeiiaaees
CnoxHble 3¢upbl. Kupsl. Mbina. . .
YrneBOAbl ..ot
3.5. A3oTcopepxalune CoefuHeHMA. . .
AMIHDBE Lo
AMUHOKNCIOTBI .. ....etea
Benku ...

159
166

175



CopepaHue

3.6. BbicokomonekynapHble

COBAMHEHUA ..o 207
Mnactmacebl . .....ovvvvvvnnn... 210
Kayuyku. . ....oovveieint 212
BomokHa ...l 215

dx 4. HayuHble meToAp!

WUCCNeRoBaHNA ................. 217
4.1. Xumnyeckie BelecTsa
W NPEBPALLEHNA ....ovvvennnn 217
4.2. Onpegenenue xapakTepa
pefibl BOHbIX PacTBOPOB ...... 222

4.3. KauecTBeHHble peakumn
Ha HeopraHuueckie BeLLecTBa

LT 226
4.4. KauecTBeHHble peakLmn

OPraHNYeckuX COeAUHEHUN. . . . .. 229
4.5. OcHoBHble cnocobbl NonyyeHns

KUCIOPOACOAepaLLMX

COBMMHEHUA . ..o 232

\;- 5. MonyueHne BaxHeMLMX BeweCTB

B NPOMbILIEHHOCTH . ... ........ 236

5.1, MeTannyprutf .....oovuvvvennn 236
5.2. YépHaa metanayprua........... 240



Copep»kaHue

5.3. LiBeTHas meTannyprua
(Ha npumepe amoMUHKA) ....... 243
5.4. Xummnyeckoe npon3BOACTBO
aMMUaKa, CepHOIA KUCOTbI,
METAHOMA ... 244
[lepepaboTka NpUpoAHbIX
NCTOYHUKOB YTNEBOAOPOAOB. . . .. 249
Xumnueckoe 3arpasHeHue
OKpy>atoLLieil cpefipl
1 ero nocneacTBUA ............. 254



1. O6waa xumms

1.1. OCHOBHble XMUYeCKue
NoHATUA

OcCHOBHble noHaAMUA

ATOMHas efinHnLa mMacchbl (a. e. m.)
paBHa 1/12 maccbl aToma 130ToMa yrnepoga
2C (macca ogHoro atoma '*C paBHa 1,993 -
<10%kr): 1 a. e. m. = 1/12 m (ato-
Ma '2C) - 1,661 - 107 kr — 1,661 - 10 1.

OTHOCUTeNnbHaA aToOMHad Macca
anemeHTa (A) — s1o GespasmepHas Be-
JIMYMHA, paBHasi OTHOLIEHMIO CPeAHe Macchl
aToma 3nemeHTa K 1/12 maccol atoma "*C. NMpwn
pacyérte OTHOCUTENbHOM aTOMHOW Maccbl yuu-
TbIBAETCA M30TOMHBI COCTaB MEMEHTa.

1 MONb — 370 Takoe KOANYECTBO Be-
L4eCTBa, B KOTOPOM COAEPKUTCA ONpefenéH-
HOe uYncno Mobbix YacTuy, (MoNeKy”, aToMOB,
MOHOB U T. [.), paBHoe uucny Asoragpo
(N, — 6,022 - 1023 monb™).

MpocToe BewecTBO — sewectso, co-
CTOALLEE 113 aTOMOB OfIHOTO dIEMEHTa: Hanpu-
mep, xiop Cl,, yronb C.



1.1. OCHOBHble XMMUYecKne MOHATUSA

Annmponvlﬂ — fAB/IEHWE, MPY KOTOPOM
aTOMbl OfJHOTO 3/1eMeHTa MOTYT CyLLecTBOBaTb
B BUAE HECKOMbKWX NPOCTbIX BeLecTs.

AnnotponHble mogudukaumum —
npocTble BelyecTsa, 06pa3oBaHHbIE aTOMaMu
OfiHOTO 3MeMeHTa, HO OTAMYaloLMeca Apyr OT
Apyra cocTaBoM MOneKyn (Hanpumep, Kucino-
pon O,n o030H O,) nnbo cTpoeHnem Kpuctan-
nos (Hanpumep, rpaduT 1 anmas — anaoTpor-
Hble mopndukauum yrnepoaa C).

CnoXHoe BeLEeCTBO — BellecTso,
cocToAilllee 13 aTOMOB PasHbIX 3MEMEHTOB:
stunammni CHNH,, xnopup Hatpust NaCl.

Kpuctannuueckasa pewétka Be-
LeCTBA — OO6BEMHbIA YCIOBHBIA Kapkac,
B y3N1aX KOTOPOro HaxOAATCA YacTuLbl Belle-
cTBa (MoneKynbl, aToMbl, WOHbI). PaspensioT
BellecTBa MONEKYNAPHOTO U Hemonekynap-
HOTO CTPOEHMA.

BewwecTBa MONeKynsapHoro cTpo-
€HWNA — BellecTBa, B y3M1ax YCI0BHOMO Kpu-
CTanna KOTOPbIX HaXomAaTcAa mosekynbl: de-
Hon C6H50H, caxaposa C_H O

122271



A, 1. O6wasn xumus

BewectBa  HemonekynspHoOro
CTPOEHNA — BewecTBa, B y3nax YCNOB-
HOFO KpuUCTanna KOTOPbIX HaXOAATCA dmombl
(aTomHas  KpucTannuueckas pelwéTka, Ha-
npumep: yrnepoa C, dochop P,) unu uoHel
(OHHaA 1 meTanaMyeckas KpuCTananyeckune
peLéTkn).

OCHOBHble 3aKOHbI

« 3aKOH MOCTOAHCTBA COCTaBa: ace
UHOUBUOYaNbHbIE Bewjecmea umelom nocmo-
AHHbIU KayecmeeHHbIU U Koau4ecmeeHHbil co-
Cmas He3asucumo om cnocoba ux NOsy4eHus.
Ha 0CHOBaHWK 3TOro 3aKOHa COCTaB BELECTB
BbIpaXaeTcA XMmMuyeckoi Gopmyson ¢ nomo-
Wbt XMMUYECKIX 3HAKOB 1 MHAEKCOB. Hanpu-
mep: NaOH, HZO.

« 3aKOH COXpaHeHnA MacCbl: macca
8eljecms, Komopble 8CmMynarom 8 XUMu4eckyro
peakyulo, pasHa Mmacce eeujecms, 06pasy-
IoWUXcA 8 pesyibmame peakyuu. Xummyeckme
peakumum oTobpaxalT B BUAE XUMUYECKUX
YPaBHEHUI1 C MOMOLLbIO XUMUYECKIX opMyn

10



1.1. OCHOBHble XMMUYecKne MOHATUSA

BELLECTB U CTEXMOMETPUYECKIX KO3GdULMEH-
T08B. Hanpuwmep: 2Fe + O, — 2Fe0.

+ 3aKoH ABOragipo: s pastivix 06vémax
20308 NpuU 0OUHAKOBLIX yc/08UAX (memnepa-
mype u 0aeseHuu) cooepXumca 00UHaKosoe
yucso Mosnekys.

1-e cnedcmeue: oavH Monb N6Oro rasa
NPy OAMHAKOBBIX YCIIOBUAX 3aHUMAET OfWHa-
KOBbI 06BEM.

MonspHbiii 06bEMm rasa (V) —sto
00bEM 1feanbHoro rasa, B KOTOpOM cogep-
XuTca 1 Monb AaHHoro rasa. lpu Hopmanb-
HbIX ycnouax (temnepatype 0 °C (273,16 K),
aTMocdepHom aasneHun 101,3 KMa) OH pas-
HAeTca 22,4 n.

2-e cn1edcmaue: OTHOLIEHVE MAacC OAMHa-
KOBbIX OOGBEMOB iBYX ra30B €CTb MOCTOSHHAs
BE/IMYMHA ANA flaHHbIX ra3oB. OHa Ha3biBaeTCs
OTHOCMTENBHON NNOTHOCTbIO rasa (D).



,,L 1. O6was xumus

CospemeHHble npedcmasieHus
0 cmpoeHuu amoma

ATOM — 370 Menbyaiiwas XUMUYECKN
Hegenumas yactuua (1107 ... 5+ 1070 m),
KOTOpaA ABNAETCA NpefenoM pPasfoxeHus
Nio6oro BewecTsa.

ATOMbI  pasHbIX BUFOB MMeEKT Maccy
10 ... 1021 1 NpuHaanexat pasHbIM XVMu-
Yecknum anemeHTam. ATOMbl OAHOTO BMAA ABNA-
I0TCA aTOMamI OJHOTO XMMMYECKOTO 3MIEMEHTa.

ﬂnpo aTOMa coctouT U3 yacTu AByX
BII0B: NMPOTOHOB 1 HENTPOHOB.

MpOTOHDI (p*) nmelor 3apap, pasHbiii
3apAgy 3NeKTPOHa, HO NPOTUBOMONOXHbINA MO
3HaKy (+). Wx macca (m) paBHa macce Boao-
popa unn 1/12 m yrnepoga.

HelﬁTpOHbI (n° He umetoT 3apaga (3nek-
TPOHENTpanbHbl), MX Macca (m) npumepHo
paBHa m NPOTOHa, To ecTb 1.

MaccoBoe 4ncno — sto cymma uncna
NPOTOHOB U HENTPOHOB.

Tak Kak aToM 3MEeKTPOHelTpaneH, Yncno
NPOTOHOB M 3NIEKTPOHOB B HEM OAMHAKOBO.
MouTn BCA Macca cocpefoToyeHa B agpe.

12



1.1. OCHOBHble XMMUYecKne MOHATUSA

Mepuoduyeckuli 3aKoH
U nepuoduyeckas cucmema
3nemenmos /j. Ui. MeHoeneesa

Mepunopnyecknii 3aKoH: csolicmea
amomo8 XUMUYEeCKUX 3/1eMeHmos, cocmas
U Xapakmepucmuku 006pdsyeMbix UMU  8e-
wecme Haxo0amcs 8 nepuoduyeckoli 3asucu-
MOCMU om 3dpA008 AMOMHbIX A0ep.

Tabnuua nepuognyeckon cucte-
Mbl 31IeMEHTOB — rpaduyeckoe Bblpaxe-
HIe NepUOANYECKOTO 3aKOHa, cocTosLee 13
NeproaoB 1 rpyn.

Mepuop — nocneposatenbHbiii ropu-
30HTaNbHbI PAA  XUMUYECKUX SNEMEHTOB,
B aTOMaX KOTOPbIX YMCIO MOSHOCTbIO U Yac-
TUYHO 3aMONHEHHbIX SHEPreTNYeCKUX ypOBHEN
0AMHaKoBO. Tak, Ana aTomoB 3-ro nepmoga Na,
Mg, Al, Si, P, S, Cl, Ar anekTpoHHas 0bosouka
npeacTaBnseT cobol TpW MocnefoBaTesb-
HbIX 3HEPreTUYecKUX YPOBHA. DNeKTPOHHas
KOHOUrypaumus BHELLHEro 3SHepreT!Yeckoro
YPOBHs MO nepuogy M3meHseTca ot ns' (we-
noyHble  meTannbl, Hanpumep, Na[Ne]3s1)

13



A, 1. O6wasn xumus

o ns?np® (6naropogHble rasbl, HanmpuMep:
Ar[Nel3s?3p°), roe n — HOMep NepuoAa,
a [Ne] - 15225%2p° — 3neKTpoHHaA KoHUry-
pauua HeoHa Ne.

rpynna — BepTUKanbHbIN pAj XuMmye-
CKIX 371EMEHTOB, B aTOMaX KOTOPbIX BHELIHWIA
SHEPreTNYEeCKNil  ypoBEHb UMEET  CXOXYI0
IMEKTPOHHYI0 KoHbUrypaumio. Tak, ons we-
TIOUHBIX METasNoB BHELLHUI SHepreTnyeckui
ypoBeHb — ns'.

BaneHTHble INIEKTPOHbI — 3kBY©-
BafleHTHOE HOMepY rpynmbl YNCO SNEKTPO-
HOB, HaXORALMXCA Ha BHELUHEM SHepreTnye-
CKOM YPOBHE W, KaK MPaBuWiIo, y4acTBYHOLNX
B 00pasoBaHWN XuMM4ecKkux cBAselt. Tak,
Aana snementa V rpynnbl 3-ro nepuopa ¢oc-
dopa P C 3neKTpOHHOW  KOHMrypauu-
ein [Ne]3s23p® uncno BaneHTHbIX 3NEKTPOHOB
paBHO 5.

Op6uTanbHblii pagnyc atoma —
TEOpeTNYeCckn paccyuTaHHoe — PaccTosHue
OT Afpa [0 TOi TOYKW B MPOCTPaHCTBE, rAe
BEPOATHOCTb OBGHAPYXWTb SMEKTPOHbI aToMa
MaKcManbHa.

14



1.1. OCHOBHble XMMUYecKne MOHATUSA

¢ deKTUBHbIN paguyc aToma —
paguyc, Mpy KOTOPOM aToM MPOSIBASET CBOM
OCHOBHble CBoOWCTBa. OnpeaenseTca Ha OCHO-
BaHUM 3/1eKMPOHo2paduU N peHmeeHozpaguu
B MOJIEKYNaX, MOHHbIX 1 METANINYECKIX Kpi-
CTannax.

Benu4uHel amomHbIx paouycos uameHsom-
€A € NepuoOUYeCKUM Xapakmepom.

o [lo mMepe yBenMyeHus 3apaga aToMm-
HOrO HOMepa B Mepuofax pPajvyc aTtomoB
S- 11 p-3NEMEHTOB YMEHbLIAeTCs 3HauuTeNb-
Hee, YeM paguyc aTomMoB d-dnemeHToB. Tak,
B $- 11 p-3nemeHTax 3-ro nepuopa pagmnyc ato-
Ma ymMeHbLUaeTcsA nouTtn B ABa pasa: co 190 nm
y atoma HaTtpua Na ([Ne]3s') go 99 nm y ato-
ma xnopa Cl ([Nel3s?3p°), B To Bpems Kak ans
d-3nemMeHTOB  4-T0  Mepuofia  YMeHblueHue
paguyca atoma He CTOfb CyLeCTBEHHOe:
o 164 nmy ckaHgwa Sc ([Ar13d'4s?) go 153 nm
Yy UnHKa Zn ([Ar]3d"%4s?).

o [lo mMepe yBenMyeHus 3apsaga aTom-
HOroO HOMepa B rpynnax paguyc aTtomoB
S- U p-2NEMEHTOB YBENNUMBAETCA B OOMbLUel
CTeneHy, YeM papuyc aToMOB d-37EMEHTOB.

15



A, 1. O6wasn xumus

Tak, ons d-anemeHTOB 5-ro n 6-ro nepuopos
VI rpynnbl monnbaeHa Mo ([Kr]4d®5s') n Bonb-
dpama W ([Xe]4f“5d'6s?) pagmycbl aTomoB
umetoT 6nr3kne 3HaveHns — 139 n 141 nm
COOTBETCTBEHHO.

3HepI'I/Iﬂ WOHN3aUNnN — mnHumanb-
HOe KONMYECTBO 3Hepruy, Heobxoaymoe ans
OTpbIBa 3N1EKTPOHA OT aToMa dnemeHTa J. Ean-
HUL 3HEpPrun 1oHu3auum — 3B.

JHeprua CpPoACTBa K IJEKTPO-
HY — nonoxutenbHbiii nmbo otpuuatens-
HbI 3HepreTndyecknii 3GdeKT npouecca npu-
COEAIMHEHWA 3NEeKTPOHA K aToMy S1eMeHTa 3.

dnekTpooTpulatenbHocTb (30) —
YCNIOBHBIV MapameTp aTtoma, onpeaenaiowuil
€ro Crnoco6HOCTb CMeLaTh K cebe 3NeKTpOoH-
HYI0 MIOTHOCTb B XMMWUYECKOM COEAUHEHNN.
CylLecTByeT HECKOMbKO Pa3nnyaloLxca Mex-
oy Coboi LKan 3neKTpoOoTprLaTeNbHOCTEN
anemeHTOB (no MonwnHry, no Onnpepy — Poxo-
By, No MannukeHy 1 T. .). Hanbonee snekTpo-
oTpuLaTenbHbIA 3nemeHT — ¢Top F (no Mo-
nnHry — 3,98, no Onnpepy — Poxosy — 4,10),
HavMeHee 3NeKTPOOTPULIATENBHBIN — dpaH-

16



