ONeMeHTbl 21 rpynnbl



S-MeTaliibl

LLleno4yHble U Weno4yHo3eMeribHble MeTannbl

\LLI,enquble

MeETallsibl

13 14 15 16 17 18
(H)| He
B|C|N|]O]|F |Ne
Al Si| P | S |Cl|Ar
Ga|Ge | As| Se | Br | Kr
I-block | In |Sn|Sb|Te| I | Xe
"~ | T |Pb| Bi | Po | At|Rn
o~
LLleno4yHo3eMernbHbIe
MeTannbl




CBOUCTBA 3N1eMEeHTOB 2 rpynnbl

Be Mg Ca Sr Ba

OnektpoHHaa [He]2s? [Ne]3s? [Ar]4s?  [Kr]5s? [Xe]6s?
KOHQoUrypaums

R, (A) 1.12 1.60 1.97 2.15 2.17
Ry2+ (A) 0.27 0.72 1.00 1.18 1.35
l, (3B) 9.33 7.63 6.12 5.68 5.20
., (3B) 18.2 15.0 11.9 11.0 10.0
P 1.57 1.31 1.00 0.95 0.89
yAR 1.47 1.23 1.04 0.99 0.97

C.O. 0, +2 0, +2 0, +2 0, +2 0, +2



CBOUCTBA 3N1eMEeHTOB 2 rpynnbl

Be Mg Ca Sr Ba
ArnArTnALiLinA THal12e2 rl\lg'l’)qz [AriAc?2 K rlEe?2 'ValRe?
2.8- RA) 10, 11(eV)
: 1rp _
2.4- !
: -
2.0 | 2T1p
1.6 2Tp 61 1rp
1.2- al ‘\‘\v\,\‘

N
w
IN
o)
o -
N
w
IN
o)
(0)]

C.O. 0, +2 0, +2 0, +2 0, +2 0, +2



CBOUCTBA 3N1eMEeHTOB 2 rpynnbl

Be Mg Ca Sr Ba

OnekTpoHHaa [Hel?s? [Nel3s2  [Arl4s?2  [Krl5s?  [Xe]6s?
KOHQoUrypaums

1.61
Ry, (A) 1 _ 2.17
1.4+
R,2+ (A) C 1.35
l, (3B) ¢ 5.20
., (3B) ] 1.0- 10.0
%P | el | . , | 0.89
(AR 1., Be Mg Ca sroBa | o7

C.O. 0, +2 0, +2 0, +2 0, +2 0, +2



CBOUCTBA 3N1eMEeHTOB 2 rpynnbl

Be Mg Ca Sr Ba

OnektpoHHaa [He]2s? [Ne]3s? [Ar]4s?  [Kr]5s? [Xe]6s?
KOHQoUrypaums

R, (A) 1.12 1.60 1.97 2.15 2.17
Ry2+ (A) 0.27 0.72 1.00 1.18 1.35
l, (3B) 9.33 7.63 6.12 5.68 5.20
., (3B) 18.2 15.0 11.9 11.0 10.0
P 1.57 1.31 1.00 0.95 0.89
yAR 1.47 1.23 1.04 0.99 0.97

C.O. 0, +2 0, +2 0, +2 0, +2 0, +2



CBoucTBa MeTansnos 2 rpynnbl

Be Mg Ca Sr Ba
T.nn. (°C) 1280 650 850 768 714
T.kun. (°C) 2472 1090 1494 1382 1805
d (r/lcm3) 1.85 1.74 1.54 262 351
E 2+ (B) -185 -238 -287 -2.89 -2.90
A HO% g 324 146 178 164 178

(k>x/Mmonb)
CTp. TMN Mg Mg Cu Cu Fe




CBoucTBa MeTansnos 2 rpynnbl

Be Mg Ca Sr Ba
o - - 68 714
E,V
382 1805
27Tp 62 351
.89 -=-2.90
64 178
3 4 ° ° _u Fe




HaxoxaeHue B npupopae

Be

bepunn, nsympya,

akBamapuH Be;AlLSi;O,q e A
xpn3obepunn Be(AlO,),

Mg

marHesmt MgCO,

gonomnt CaCO,4-MgCO,
onueuH (Mg,Fe),SIO,

KapHannuT

PRy
,
N,

Ca

runc CaSO, -2H,0
Men, MpamMop, U3BECTHSAK
CaCO,

Sr

CTpoHUMaHNT SrCO;,
uenectuH SrS0O,

Ba

G6aput BaSO,
BuTeput BaCO,



HaxoxaeHue B npupopae

Be Ca
Gepunn, nsympya, g mnc CaSO, -2H,0
akeamapvH E ' “Mac.% V0P, U3BECTHSIK
Xpn3sobepur |
14
? 2Tp
M |
g O.l‘g
mMarHesut Mg 01_5 HUT SrCO,
ponomut Car | 0 s SrSO,
onueunH (Mg, 1E-33 |

KapHannuT

vapni baS0,
BuTeput BaCO,

), i




NonyyeHue meTtannos

ﬂonyqume MalrHNA N3 AOJ1IOMUTA.




NonyyeHue meTtannos

ﬂonyqume MalrHNA N3 AOJ1IOMUTA.

MgCO,-CaCO,; = MgO + CaO + 2CO, (06xur)
2MgO + 2Ca0O + FeSI = 2Mg + Fe + Ca,SIO,
Mg + 2HCI = MgCl, + H, —

|

\\\\\

MgCl, = Mg + Cl, (anekTponus pacnrnasa) e

Npvrne metannsbl:

|

s I

BeF, + Mg = MgF, + Be  1200°C
4Ca0 + 2Al = 3Ca + CaAl,O, (antomoTtepmMmuns)
Sr, Ba — aHanorn4yHo Ca



Be:

Ca:

Sr:

Ba:

[MpuMeHeHune

B KQ4eCTBE HENTPOHHbIX OTpa)kaTenewn
OIS N3rOTOBIEHNS NETKUX N NMPOYHbIX CMN1aBoOB
B aBMaCTPOEHUn

B MeanunHe
B NMNPOTEXHNKE =
B OpraHM4YecKoM CUHTEe3e ke

B onTuke (Cak,)

B MeTannypruu

B MeguumHe (pocdathbl) —
B MPOM3BOACTBE COAbl, LleMeHTa n DeToHa [;‘,,H
B MMPOTEXHMKE [=—— 1i
ONS NOTMOLLEHNA PEHTTEeHOBCKUX Nyven N ot BN
B Kpackax 1 nNMrMmeHTax, NMpoTEeXHUKe "I';';,,wf'«fi?s




OCHOBHbIEe XMMUYECKNe CBOUCTBA

1. Bce metannbl B3aumogenctsytoT ¢ O,; Be n Mg — ¢ N,:
2Be + O, = 2BeO
Ba + O, = BaO, (500-700 °C)
3Mg + N, = Mg;N,, (500 °C)

2. Ca, Sr, Ba pearnpytoTt ¢ Bogou, Mg — npu HarpeBaHUW:
Ca + 2H,0 = Ca(OH), + H,

3. Bce meTannbl pearnpytoT ¢ KUCroTamu,

Be naccuBupyetca HNO; (koHL)

Ca + 2CH;COOH = Ca(CH,CO0), + H,,

4. bepunnun pacTBOPSETCA B LLefoYax:
Be + 2KOH + 2H,0 = K,[Be(OH),] + H,



OCHOBHbIEe XMMUYECKNe CBOUCTBA

5. Martunn pacteopum B NH,CI, 6epunnuu — B NH,F:
Mg + 2NH,CI + 2H,0 = MgCl, + 2NH;-H,O + H,
Be + 4NH,/F + 2H,0 = (NH,),[BeF,] + 2NH;-H,O + H,

6. Bce meTannbl pearMpytoT C raniloreHamu, cepomn u

docdopom _
Be + Cl, = BeCl, Be/ KBe «Cly
Ca+S=CaS T Nf ~ci”] n

4Ba + 3P, = 4BaP,

/. Ca, Sr, Ba pacTtBop4daoTCA B XXUOKOM aMMUaKe:
Sr + 2NH;(k) = Sr(NH,), + H,

8. Bce metannbl obpasytot rugpuabl MH,



Paguu n ero cBoucrtBa

1. Ra — metann, 1.nn. 960 °C, T.kun. 1535 °C, d = 5.0 r/cm®

2. CambIn ycTonumebl nsoton 2?°Ra (t,,, = 1622 roga),
B NpUpoae — Kak NPOMEXYTOYHbIN NPOoaYyKT pacnaga 238U,
a-3MUTTEP

3. XMMUYeCKN O4eHb aKkTuBeH, pearvpyet ¢ O,, N, npu H.y.
4. N130CTpyKTYypeH baputo (cTp. Tun a-Fe)

5. Ra(OH), ymepeHHO pacTBOpUM,
bonee cunbHOEe ocHoBaHWe, Yem Ba(OH),

6. HepacTBopuMbIE COMU:
RaS0O,, RaCO,, Ras(PO,),
RaCl, + Na,SO, = RaSO,| + 2NaCl (ansa BbigeneHuns)



Paguu n ero cBoucrtBa

1. Ra — meTtann, 1.nn. 960 °C, T.kun. 1535 °C, d = 5.0 r/cm3

b

2. CambIn
B NPUPOL 1a 238U,
LTTep
3. Xrumunyec M H.Y.
4. N3ocTpyi
5. Ra(OH),
bone

6. HepacTBopuMbIE COMU:
RaS0O,, RaCO,, Ras(PO,),
RaCl, + Na,SO, = RaSO,| + 2NaCl (ansa BbigeneHuns)



[anoreHnabl meTannoB 2 rpynnbil

1000 A

1250

750 -

500 4

T. nn., °C
1500 -

Cl
Br

Be Mg Ca Sr Ba



[NonyyeHue n ceBonuctBa MX,

1. Npamoe ranoreHmpoBaHune
Mg + Cl, = MgCIl, 200 °C
Ba + Br, = BaBr, 500 °C
2. [anoreHnpoBaHMe oKkcuaoB
2BeO + CCl, = 2BeCl, + CO, 800 °C
BeO + C + Cl, = BeCl, + CO 900 °C
3. ObesBoxnBaHue rmgpartos B Toke HCI (kpome Be)
CaCl,-6H,0 = CacCl, + 6H,0 400 °C
4. T'mpponuna xrnopuaa 6epunnug

[Be(H,0),]Cl, = Be(OH), + 2HCI + 2H,0
KnnsiyeHne p-pa



[NonyyeHue n ceBonuctBa MX,

5. Obpa3oBaHme okcoranoreHnaoB

MgCl,-6H,0 = MgCl,-4H,0 + 2H,0  120°C
MgCl,-4H,0 = MgCl,-2H,0 + 2H,0 150 °C
MgCl,-2H,0 = MgCl,-H,0 + H,0 240 °C
2MgCl,-H,0 = Mg,OCl, + 2HCI| + H,0 400 °C

6. Bsanmogenctesue ¢ Bogou
CacCl, + 6H,0 = CaCl,-6H,0 T.nn.(mmH) = -55°C
7. dTopunabl (Kpome BeF,) nnoxo pacTtBopuMbl B BoAe
Ca(NO,), + 2KF = CaF.,J + 2KNO,
8. BeF, obpasyeT koMnsiekCHble pTopuabl
BeCl, + 4(NH,)F = (NH,),[BeF,] + 2NH,CI



Okcuabl, nepokcuabl U rMAPOKcHAbI

T. nn., °C

AfH0298’
k[X/Monb

TBepoocTb

K.4y. MmeTanna

BeO

2470

-598

9.0
4

MgO

2850

—602

6.5

CaO SrO BaO

2614 2420 1920
—-636 590 558

4.5 3.5 3.0




Okcuabl, nepokcnabl U rMapoKcuabl

1. PactBopgaroTcs B KUCNoTax
BeO + 2HCI = BeCl, + H,O
SrO + 2CH;COOH = Sr(CH,COO), + H,O

2. BeO pacTtBopgdaeTca B Lenoyax
BeO + 2NaOH + H,0O = Na,[Be(OH),]

3. SrO n BaO okucnawTca Ao nepokecmga
2Ba0O + O, < 2Ba0O, 500-700 °C

4. Pearnpytot (kpome BeO) ¢ okcngamun d-metannos npu
HarpeBaHuu
BaO + CuO = BaCuO,
CaO + Fe, O, = CaFe, O,



Okcuabl, nepokcnabl U rMapoKcuabl

5. BeO, MgO TepsitoT peakLMOHHYK CNOCOOHOCTL nocrne
npoKannBaHUs

6. Nepokcuabl SrO,, BaO, obpasytoTcd npu HarpeesaHuu
MeTansioB UM okcmgos Ha Bo3ayxe, CaO, HeyCTONYUB,
BeO,, MgO, Hen3BecCTHbI

7. Nepokcugbl SrO,, BaO, BbigensaT O, B KUCNOW cpefe
SrO, + H,S0, = SrS0,| + H,0O + 720,

8. [Nepokcngbl SrO,, BaO, — okucnutenu
BaO, + CO = BaCO,
2Ba0O, + S = SO, + 2BaO



Okcuabl, nepokcnabl U rMapoKcuabl

9. ObpasyloT rmapokcuabl
CaO + H,0O = Ca(OH),
MgCl, + 2KOH = 2KCI + Mg(OH),
BeCl, + 2NH; + 2H,0 = Be(OH), + 2NH,CI

10. Ca(OH),, Sr(OH),, Ba(OH), pactBopuMbl B BOAE,
Mg(OH), — B p-pax conen aMmMOHUS
Mg(OH), (TB) + 2NH,CI (aq) = MgCl, + 2NH,-H,O
PK, = 2.6

11. Be(OH), Mg(OH), Ca(OH), Sr(OH), Ba(OH),

YBennyeHme cusbl OCHOBaHUS >




Conun KncnopoaHbIX KUCIOT

1. ®ocdathl, rmgpodocdaTtbl, KapboHaTbl U cyrnbdaThl
Ca-Ba nnoxo pactBopuvMbl

BaCl, + Na,SO, = BaSO,{ + 2NaCl
SrCl, + Na,CO, = SrCO.} + 2NaCl

1500

BaCOy)

SrCO

C aCO_,f

500
C/MgCO3
2. KapboHaTbl pasnaratorcs
Npu HarpeBaHun 0

1000

=

CaCl, + Na,HPO4 = CaHPO,{ + 2NaCl

MgCl, + 2NaHCO, = MgCO,J +
2NaCl +H,0 + CO,

Decomposition temperature/°C

50 100 150
Sr(:()3 = SrO + C02 (T) | lonic radius, r./pm



Conun KncnopoaHbIX KUCIOT
3. PactBopeHune 3a c4eT obpa3oBaHUA KUCIIbIX COMNEN

CaCO,l + CO, + H,0 = Ca(HCO,),
CaSO,4 + H,S0,(k) = Ca(HSO,),

4. Be n Mg obpasyoT rugpoKkcoconu

5MgCl, + 5Na,CO; + 2H,0 = Mg(OH),:3MgCO.{ + 10NaCl +
Mg(HCO,),

2BeCl, + 2Na,CO; + H,0 = Be(OH),-BeCO,\ + 4NaCl + CO,

Be(OH),-BeCO.{ + 3(NH,),CO, = 2(NH,),[Be(CO,),] +
2NH,-H,0

[lposierieHuUe pa3rnu4HouU OCHOBHOCMU 2UOpPOKCUO08 !



XKecTKOoCTb BOAbI

KecTkocTb BOAbI — MPUCYTCTBUE PACTBOPUMBIX COSleun

Cnencteue — obpasoBaHue ocagkos v B3Becn MgCOs,,
CaCO,, CaSO,, Fe,0,xH,0

BpemeHHas xecTtkocTb — M(HCO;),, M = Mg, Ca, Fe
YnaneHue KungyeHnem
Ca(HCO,), = CaCO,4| + CO,1 + H,O

[locmosiHHas »xecTtkoctb — MSO,, MCl,, M = Mg, Ca, Fe
YoaneHne kapboHaTHbIM METOA0M
CaS0O, + Na,CO,; = CaCO4] + Na,SO,
Unu gemuHepanunsauunen 4yepes MOHOOOMEHHbIE CMOJTbI



KomMmnnekcHble coeaAMHEeHUA

1. Be obpasyeT KOMMMEKCHbIE COEANHEHNST C NPOCTbIMU
nuraHgamm

2. Be obpasyeT nery4yme KOMMneKcHble CoOeaANHEHNS

4Be(OH), + 6CH,COOH = Be,O(CH,COO), + 7H,0

2Be(OH),-BeCO; + 6CH;COOH = Be ,O(CH,COO), + 2CO,, +
5H,0

3. Mg, Ca obpasyoT ycTon4nBble

H,O @ u

KOMMJ1EKChI C NONMMAEHTaTHbIMWU NMUraHgamMmu 2 12

4. Sr, Ba 0bpasytoT KOMNMEKChI C
KpayH-adonpamm

(aHaJ'IOFI/IFl C welnoYHbIiMUA MeTaJ'IJ'IaMI/I)

Structure 116
Shriver & Atkins Inorganic Chemistry, Fourth Edition
2006 by D.F: Shriver, . W. Atk e, M.T. Weller,and F. A, Armstrong



KomMmnnekcHble coeaAMHEeHUA

1. Be obpasyeT KOMMMEKCHbIE COEANHEHNST C NPOCTbIMU
nvuraHgamm

2. Be obpasye 5 OH )eAUHEHUS
4Be(OH), + 6 T OH))6 + 7H,0

2Be(OH),-Be

3. Mg, Ca ob6pHO
KOMMJIEKCh 1a|vw|

4. Sr, Ba O6padyrU| RUMIJIERUDI U
KpayH-adhupamu
(aHarnorusa ¢ Wweno4YHbIM1U MeTannammn)

“H,COO0), + 2CO, +
5H,0

Structure 116
Shriver & Atkins Inorganic Chemistry, Fourth Edition
2006 by D.F. Shriver,P.W. Atkins, T.L. Overton, P Rourke, M.T.Weller,and . A Armstrong



OcoOble cBOUCTBaA Oepunnus
1. Be naccmsupyetrca HNO; (koHU)
2. Be, BeO pacTtBopdATCA B LLenoyax
3. BeF, xopoLuo pactBopuM B Boae
4. Be obpasyeT komMmnsiekcHble coeanHeHus M, [BeF ],
M,[Be(CO,),], Be,O(CH,COO),

Z/IR

Be

> 3 4 5 6 Be,O(CH,CO0),



OunaroHanbHoOe cXoACTBO

OcHOB8Hasi Npu4YuHa:
6s1uzocmsb Z/R (Z°/IR)

Li <> Mg:
1. PearnpytoT ¢ N,
2. He obpasytoT nepokcmaos npu B3anmogenctemm ¢ O,
3. ObpasyoT manopacTesopuMbie dTOPUAbI
4. HutpaTbl pasnaratotca 40 OKCMOO0B Mpu HEBbICOKOWU T
4LINO, = 2Li,0 + 4NO, + O,
2Mg(NO,), = 2MgO + 4NO, + O,



bunonornyeckasa ponb Mg, Ca

1. AT® cyuwiecTtByeT B BUge komnnekca ¢ Mg2*

NH,
\“In/ N N
/\ ] P
- o (I) N N
| |
"0—P—0—P—0—P—O0 &
I I I
(0] (0] (0]
H H
OH HO

2. ®ocdartbl Ca?* BMecTe ¢ konnareHoM dopMUPYOT KOCTH



bunonornyeckasa ponb Mg, Ca

3. [NornoweHne CO, Mg-kapbokcunasom

C
) e
7
Glu 7 "
(o)
)\o\ |
(0] = (o]
0 (o)
(g C H
5 4 C1
/H—O
e B
\l( *H;N—Lys
NH*
Lys/
. J

Figure 26-29
Shriver & Atkins Inorganic Chemistry, Fourth Edition
© 2006 by D.F.Shriver, P.W. Atkins, T.L. Overton, J. P. Rourke, M. T. Weller,and F. A. Armstrong
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