Xumus yieMedToB. Jlekmus 11

OOmas xapaKTepUCTHKa DJIEMEHTOB
VIb-rpynisl. XpoM



2DneMeHTHhI VIb-rpymniisl

JIIEMEHT Cr Mo W
z 24 4?2 74

Ar 52,0 95,9 183.8

Y 1,56 1,30 1,40




o Cr:[...]4s" 3d° 4p° *KTPOHHOE CTPOEHHE
¢ Mo: [...]5s" 4d>5p"
o W: [...]6s5%4f5d %6p"

Cr, Mo:

np ° HENEEERE

ns ! T (n-1)d >

¢ BaneHtHoctb (KY): Cr 6; Mo 6,8; W 6, 8, 9;

o CT. okucnenus: 0, +1II, +III, +1V, +VI (Cr);
0, +IV, +VI (Mo, W)



IIpocTrie BemecTna

Cr Mo W
T. 1., °C 1890 2620 3387
T. Ku1l., °C 2680 4630 5680

7,1 10,2 19,4

Monu0eH

i Xpom




IIpocTrie BemecTBa

Cr Mo \WY%
¢°, B —0,70 ma  |+£0,00 g |—0,09 mns
(Cr’*/Cr) |[(MoO,/Mo) |(WO,/W)
—0,85 nis
(Cr**/Cr)
Cr+ 2H3O+ +4H, 0 = [Cr(H,0) 6]2+ +H 1

Mo(W) + H,0" #




IIpocTrie BemecTna

¢ KHCa0ThI-OKUCANUTEIN (ITaCCUBAIMS HA XOJIOAY ):
SVIb 4 HNO,(xonm), H,SO (ko) #
*3 (Mo, W) + 2HNO, + 8HF =
=H,[3"'F,] + 2NO1 +4H_O
3+ 8HF — 6¢ = [OF,J> + 2H'
NO,” +4H" +3e =NO +2H,0
9 (Cr,Mo,W) + 3NaNO, + 2NaOH =
=Na 30, + 3NaNO, + H,0O
+Cr + NaOH (p) #
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KucnopoaHbie COEAMHEHMS

Cr
4

¢ + [I: CrO — gepH., T.pazn. 700
°C (mo Cr,0, u Cr); Cr(OH),
— JKeNT. (OCHOBHBIN)

+ +]II: C_r2Q3 — 3€JI. YCT.;
Cr(OH), — cepo-roi.;
CrO(OH) — 3en. (am¢oTepH.)

++1V: CrO, uepH., T.pazn. 450
°C (0 Cr,0,u 0,)

*+VI: CrO, — kpacH., T.pasi.
220 °C (mo Cr,0, u O,);

H CrO, u H,Cr,O, (xent. u
OopaHxXK. p-p, 10 75% Macc.)

YcuneHue KUCJIOTHBIX CBOMCTB

Mo, W

o +]I:
o +III:

¢ +IV: MoO, — kop.-¢uorr.,
T.pazin. 1800 °C (mo MoO,
1 Mo); MoO(OH),; WO,
— T.-KOD.
¢ +VI: MoO, —6ecus., ycr.;
WO, —xenr., ycr.;
MOO3' 2H20 — JKENT., TB.;
WO, 2H,0 — xednr., TB.



VL CrO MoO, WO,

¢ T M.,

Oxkcun xpoma(VI)

Oxkcup Bonb(ppama( VI)

3
KPAaCHBIH, 6ecuB }KCJIT

JCTYyY., s1. ﬁ (9() ) (F) E

°C: 197 795 1473
—-
YCTOMUYUBOCTD paCTET
N\ J
H,CrO, — cunpn. Y
- (K ~ 1071, 90,2H,0 (1) - cn.
OKHMCJIUTEID K-TBI, cJIa0bIe
(Cr¥'—Cr'h OKHUCJL.-BOCCT. CB-Ba
[lonyuenue:

CrO,+H,0 — ... Nad0,+HCI+H,0 — ...
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KoMmiiiekcHbIE

COEIIN]

HCHU A

'----JF-EB-ﬂh-----

¢ Cr. oK. 0: [BO(CO)é]
¢ [C1(CO)] -

reKCaKkapOOHUIIXPOM:

InaMarduTHBIN

[Cr+6 (CO—8/6)6]
15|=0,4¢

Oq E .CO
L/ ! \ d *sp’, okTa’ap
ocl | “co
CO
" 1 |icr
criz; - (fco
‘- 6 CO




KomiiekcHrie coeauueraus Cr

M1

CrCl, - 6H,0
[Cr(H,0),CL]CI - 2H,0 [Cr(H,0),]Cl,
3eJIEHbII (PHOJICTOBBIN

[Cr(H,0),CL]"+2 H,0 [ [Cr(H,0) J** +2 cr

=

+ H,0, —t° (oxnaxnenue)
<4

L2
=
-
>
. 4
-
v
s

-H,0, + H,0", +t° (narpeBanue)




N3ononucoeannenus (CT.ok. +VI)

I. 2CrO,* +2H,0" ] Cr,0.> +3H,0; K ' =10"*
II. 3Cr,0.* +2H,0" [1 2Cr,0, > +3H,0

PaBHOBecHe XpOMaT-UOH — AUXPOMAT-UOH B pacCcTBOPC (BHQCOSI)Q&I‘MGHT!




zonmoancoeauaeHUSA

Poct pH

CrO 42_
2_

CI‘207 2

Cr3 O 0

MoO 42_
6_
M07O2 A

4_
M0802 §

W(H,0) O,
3_

H,WO,,

W, 0




I IepOKCOKOMILIEKCHI

Cr,0> +4H,0,+2H,0" + L =
=2[Cr"(L)O(0,*),]1 + 7H,0
2o/1ybo2o ysema
(3KCTpAKIUS OPTaHUYSCKUM P-PUTEIIEM )

?  KY 6; neHraroHajabHas
! nupamMuia
O /CI’< L 1 .

e [ —»dup, ntUpUIUH ...
\ / \ 0 ¢hup, mup



PacnpocrpaneHne B mpupo/ie
Y BOXXHEUIIINE MUHEPAJIBI

¢ 39.Mo 1-107°%
¢ 27.W7-107°%

ﬁ MOHI/I6'HGHHT L

¢ 21.Cr 0,019% macc.

Penkue

Kpoxout

Boasdpamut

*Xpomum (CrZIHFeH)O A
*kpokoum PbCrO,
* moaubdenum MoS,

*gonbppamum (Mn, Fe)WO,

weenum CaWoO A

IHleenur




Depbeput PyOunsI g YBapoBUT L

¢ 2100Hepum MnWO4 XpOM BXOJIUT B COCTaB
¢ noseuium CaMoO A

¢ Moaubooweenum
Ca(W,Mo)O,
* pepoepum FeWO,

MUHEPAJIOB: AleKCAHOPUM,
DPVOUH, AKBAMAPUH, U3YMPYO,
1 Q;
ysaposum Ca,Cr, " (S10,), u3
CEMEUCTBA epaHamos

[ToBemnut ['roOHepuT L AJexcaHIpuUT
AKXBamapuH




llonmydenue

*Cr,0, +2A1=2Cr + ALO, (t°)
*(Cr,""Fe')O, + 4C =Fe + 2Cr + 4CO

deppoxpom

*WO, +3H, =W+ 3H,0 (t°)
*MoO, + 3H,=Mo + 3H,0 (t°)

l |

Mou0ieH JINCTOBOM

Bonbdpam (Mopo1Iok 1 mpecCoOBaHHBIMN )




Xumus xpoma. Cr(II)

Cr(OH), — OCHOBHBIN THAPOKCHUI,
BOCCTAHOBUTEIIb

CI'H(OH)z(T) +0, - CI'2HI()3 - nH,O(1)
+ — 11 2+
Cr(OH),(1) + 2H,0" + 2H,0 = [Cr"(H,0) ]
xenterid  (HCIO,) rojryoou
CI'H(OH)z(T) +2HCl +2H,0 =
= [Cr'(H,0),CL](p)



AxBakatnoH xpoma(ll)

¢ CunpHelmmit Bocer-1b: ¢° (Crr7/Cre)=-0,41 B
*4[Cr''(H,0) ]*" + O, +4H,0" =
=4[Cr'"(H,0),]’" + 6H,O
4 2[CrH(H2()) LT [SnHCl3]‘ =
= 2[CrHI(H20) 4Clz]+ + Sn’| +3CI
¢ CtaOmwmm3anusa crerneau okuciieaus +1I:
02[CrH(H20) ,CL]1+4CH,COO =
= [Crzn(HZO)Z(CH3COO) ,] T 4ClC +6H,0
KpPacCHOI'O IIBETA, YCTOWY.



YCTOMYHMBBIN KJIACTEPHBIM KOMILIEKC XpOMa

(1)
CH,
| CI' I CI’
07 N0  _CH
‘ o _C\/ 3 & 0,7, T, O -CBA3U
Hzo\Cr'—/' Cs r')/o ¢ MaMardHUTHBIN KOMILJIEKC
QC 0~ ‘ — OH, TETpaaleTaTogHaKBaIuXPOM
C
s 0O 0
H,C N¢e”

I I
| [(H,0)Cr(CH,CO0),Cr(H,0)]



0||

Oxcup xpoma(lll) Cr,0O,

¢ Cr,O, - murmeHT (3e1eH.), ampoTepH., ycT. B OBP
IlonyueHnue:

* (NH),Cr,0,=Cr,0,+ N, +4H,0

* Cr,0, +H)O0, H3O+, OH #

CIuiaBJICHUE:

¢ Cr,0,+ 2NaOH = 2NaCrO, + H,0

¢ Cr,0, t3Na,S,0,=Cr,(50,), + 3Na SO,



3 : :
[Cr(H,0),]** + 3NH,-H,0 — Cr,0,-nH,0(1) +

CEPO-3€JIEHBIN I'€lb

Cr(OH),, CrO(OH) —
H,0* 3€JICH. KPUCT. QHA

[Cr(HL,O)]*"  d%p’—oxraomp.,  [Cr(OH)(]*
duonet. (pH <95) rapamarH. 3eneH.(pH > 11)

*[Cr(H,0)I* + H,0 (] [Ct(H,0).0H]* + H,0";
K. =1,12-10"*
*2[Cr(H,0).,0H** [J [(H,0).Cr(OH),Cr(H,0)]*



Cr(VI)

H,CrO, +H O = HCrO, + H,O"
(H,CrO, — cunbHast k-1a)
HCrO, +H,0 U CrO,” +H,0"; pH>6
K, =32107
- 2- . he Ko~ 6102
2HCrO,” [1 Cr,0. + H,0; pH 2+6; K ~1,6:10

Cr,0,> +2OH  []12CrO,” +H,0; K "' =10"

<7 THH> 7



OKHCIINUTEIBPHO-BOCCTAHOBUTEIILHBIC
CBOHCTBA

pH <7:
¢ Cr, 0" +14H,0" + 6 =2[Cr(H,0),]°" + 9H,O;
»°=+1,33B
pH >7:
¢ CrO,” +4H,0 +3e =[Cr(OH) ] +2 OH;
®°=-0,16B
OKMCIIUTENIBHBIE CBOWCTBA CUJIBHEE BHIPAKEHBI B

KHUCJIOTHOU Cpeie

KzCrO A KzCr207




Cr(VI) — Cr(III) — Cr(II)

* K Cr,0,(1) + 14 HCl(koH1.) + H,O =
= 2[CrHI(HzO) ,CL]Cl(p) +3Cl,1 + 2KCl
3€JICHBIN
¢ Zn+2HCl =ZnCl, + H,1
. 2[CrHI(HzO) ,CLICI(p) + Zn =
=2[Cr"(H,0),CL](p) + ZnCl,
rojiyooro 1pera



Pasnoxenue qpuxpomara
AMMOHUSA

¢+ (NH,),Cr,0,=Cr,0, + N, +4H,0

«JIluxpoMaTHbIN ByJKaH» (BUACO(DPArMeHT)




Cr(VI)

-~
-

==

Oxkcun xpoma(VI)
¢ CrO,(1) + 2HCI(r) = CrC1,0,(x) + H,O(r); +t°
OUOKCUO-0ux0pud xpoma (OMHAPHOE COCINHECHNC)

Ilonyyenue:

¢ K,Cr,0, + NaCl + H,SO,(korn.) — CrCLO, + ...
¢ I'maponus: CrCLO, +2H,0=H,CrO, + 2HCI
nepoct. H,0: H CrO,

n30. H O, pH 2+6: 2HCrO, ", Cr,0.*

¢ [CrO,(OH)] + CI" + H3O+ [CrO,CI]” + 2H,0



