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1. FeCly 1.0 mg2 ZatA o] Y Z229} HCl, NaOHZ o]&s}to] pH 2.0, 7.0, 12.091
1.00 L g5 ZH2F AR5kt &2 &
thg A& YA, th39] vh2g A xshy, 2= 25CE 7%*0}*15&
Fe(OH),(s) = Fe* " +30H ™, pK, = 38.57

1) 7t pHOlA &3iEl Fe* o] 29] 5 =5 mMit mg/L T2 5HA Q. (187)

=)
[Fegﬂ[OHfP — Ks =10~ 38.57 (1)
[HloH ] =K,=10"" (2)

(2)2XE pH = 2.0, 7.0, 12.00014 [0H |= zrz+ 10720 107 7°, 107 2" Mql.
o]Z (1)of thHYUsHH,

pH = 2.094

[Fe?T]=2.69x10"% M=2.69 mM

pH = 7.00fA]

[Fe?T]=2.69<10" ¥ M=2.69x10" " mM
pH = 12.00]|A]

[Fe3t]=2.69x10 % M=2.69%x10" " mM

30, FeCl; 1.0 mgg 1.00 Lo %S of &afl 7Mset &|t) Fe’ 0|29 s&=5 Fold
(Fe YAt 55.85, Cl YA}aF 35.45),

1.5mg/L

_ -3
[55.85 7 3 < 35.45) mg/mmole 6.17 %10~ * mmole/ L (mM) < 2.69 mM

mebA Fe¥ol Hri
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pH 2.00A] 6.17%10° mM, pH 7.00]A] 2.69%10"" mM, pH 12.00]4] 2.69%x107*° mM
o] mg/LZ TH)IotH,

= 2.000 A
6.17<10 3 mmole/L X 55.85 mg/mmole =0.345 mg/L

= 7.0004
2.69 <101 mmole/L X 55.85 mg/mmole =1.50x10" 1 mg/L

= 12.000A4
2.69 10" %" mmole/L < 55.85 mg/mmole = 1.50 <10~ ** mg/L
weta] Fe’'o] 528 mg/L T2 BAGIY,
pH 2.00]A] 0.345 mg/L, pH 7.09]A] 1.50%10°"* mg/L, pH 12.00]A] 1.50%x10% mg/L

3, Al(OH)s,

2) 2, €R0w\, ¥ 5 552 dUHez patets AR(Y) Fe(OH),, Fe(OH
p 3 o

)
*Jf?}% %5H£0ﬂ o

¢ AES 1T O, F5& pAekEol EAlsks Y
A A5 ojher Aol dojd Aoz FEEr1? US| "etile. (73)
)
FAretE sl pHOl 4o m2t §43] S7tstaz, o] AdetEdS 4% £

2. 0.15 g9 OMNEAHCH,COOH)Z &eta3o] di &4t &(H0)= A7Iste] 1.00 Lo

golg Axstyint oPNEAS S& 25°ColA] pK, Zto] 47591 OMEoR, sgololx o
AR oli2lEl FEfQl o EAF 0] 2(CH3COOT, acetate) = FdAE st FEQI of
M| EAHCH3;COOH, acetic acid)o.2 Zx&jstc}. oAl F&RSH 8ol L 25°Co|1

589 BYEL BT Prin PYSIAL

_g_oﬂ% t=7] 93] E9

r°l'

gs g}z &2 CHsCOOH®} H,00]1, CHsCOOHE CHsCOO"
ol2at H" o2& H,O& sfejso] H o] OH- o2& AT 4 Ut mepA, of &

golol 302 CHCOO, H, OH 5 ol A % CHCOOH, HO 5 24 &
Fo EAfEIT). o] 489 Exfote ol @S0l et 2US Botol &3t 2o

2] At (dissociation constant of water), AF9] dli2]4t4(acid dissociation constant)o]]
gsto], A7 5749 1Al (electroneutrality principle)o]2} £2= #AL ddeitt. A
718 5749 wAolgt 28 U9 (+) Aste} (-) Aste] go] FYsitt= Aolt. o] &
golol cjstel 51715 F4H9) PAlS cheat o] A€

[H'] = [OH] + [CH3COO7]
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o, tt5 =50l E3HAIL.

1) o] 480 =5t CHsCOO™ o] 23t CH,COOH #ARel %o & Cr = [CHsCOO']
+ [CH3COOH]|2 #8HA] 2(H9]: M). (54)

clt
u
7y 440 ARF - C 12, H: 1, 0O: 16, Na : 23
7=l CH3COOH

_ 0.15¢
(2x124+4x1+2x16) g/mole

o]2 2o =of 1.00 Lo 280 wtEQonR (., =25x10 ' M

=2.5x% 10" * mole

2) o] 2goHo] Exfst ol 5ol st Al ZkAl AR dhdt ¢ doa DojA =&
A olgatel o] £890] Exfst 7} o] 20] Bwel pHE PoHAL. (20%)

rid

)
saAog o] 2EMo| EXfst= stehEEtol= 2ol Ul AVt et
[CH,COO ™|+ [CH,COOH] = C; =2.5x 10 * (1) (e gE0] Al
(77 = [oH ]+ [CH,COO] (2) (A28 5749 BA)
(HYOH 1=K,=10"" (3) (&9 sla]d=)
(cH,coo )H#"] o] = A
(CH,COOH =K,=10 (4) (9] sli2]d=4)
A Ul Ag olF& HLEEE sk)e U oy, gge ~A WRls g8oto] ZF Wyt
At 4 ok g S0l Yl 719 A2 Toie g&sto] AalstH st §4o] figt 3x}
olo s=

o], o2 B8 AN Excel 5 3xHA 9

#4320 OPHEAS %9 §olo] pHE AYY HoE oFHCE] oIS KHon=)

wabA, Al (2)01A [H7] > [OH]1dg 7Pdshat &,

(7] = [cH,CO0™] (5)
ol A (4l thdsti Ag2istd,

+12
[cH,cooH] = 1[5 4175 (6)

A F AS A (D)of] s,
104 [HTPP+[HT)—(2.5%x10 %) =0
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+9] TAS o]&stH
o =1/ +4x 104 x (2.5x 10 °)
[H }7 4.75
2x10™
T ol 5 449 AT FsHH,
[H']=2.02x10 *M
Al (3)of mret
10 M
[OH ] = ————=4.95x10 "M (7)
2.02 X 10
ol2X Mg [H']l> [0H 1= &asto] ZAEEon Al (5)7F A9 A&ts] At whet
A,
[CH,COO7]=2.02x 10" * M
o] »~8olo] pHE=
pH=—1log[H '] =—10g(2.02 x 10~ *)= 3.69
3. Aot Al2E A0t g ZuE Ak O3 230 EokAe.
= o] 2%(ionic weight) 2}
Na* 23.0 230.0 mg/L
K* 39.1 39.1 mg/L
Ca* 40.1 200.0 mg/L
Mg** 24.3 12.15 mg/L
CI 35.5 71.0 mg/L
HCO5" 61.0 610.0 mg/L
S04% 96.1 480.5 mg/L
pH - 7.0
Temperature - 25 °C
1) o] A]89] o]&7t % (ionic strength)E 5FA| 2. (13A)
=)
24, 2t o] 29 =& TYE S5 dHiyof g
concentration (in mM) = c.onc.emm.tzon in mg/L)
jonic weight (mg/mole)
= o] 2%(ionic weight) | s%(mg/L) | 5%(C, mM) | Fs}<H(z)
Na* 23.0 230.0 10.0 1
K* 39.1 39.1 1.00 1
Ca” 40.1 200.5 5.00 2
Mg?* 24.3 12.15 0.500 2
ClI’ 355 71.0 2.00 1
HCO;5" 61.0 610.0 10.0 1
S04> 96.1 480.5 5.00 2

o] Al&ol= HCO3 9 afia]o] oJate] AaFo] COs* Est E&jgict J2jut pHIF 7.02 BHAL
(H,CO3)9] pKaz ol 10.330.2 pH7} pKypRTh 583 Wdonog, COs* 9 &£z ujojst



[457.210A.001] &% 23t ootmA 382

of. =0l ALtZ shAtd,

ol

_coiTHT]
@ [HCO; ]
[HCO, ] .
[00327] = Kaz . 73: —10.33 . M: 4-68 X 10*6 M: 0281 WLg/L
[H1) 107" m

02 HCO59 %rwof u|a] 20008] 7}2F Yoo stolsr 2 oltt whata], CO4 2 A|Qstn
AAtsHA,

1 2
- 2 ZQZZ-

=% (10.0 x 124 1.00 x 124 5.00 x 22 + 0.500 x 22 4 2.00 x 1%+ 10.0 x 1% + 5.00 x 2%)
X102 mM/ M
=0.03225

2) o] A|g39] &zra] & (alkalinity)® mg/L as CaCO; @Y= FsHr] L. (7A)

)

o] Alg+ %7/J pHo| 7B =,
Alk = [HCO; ] = 10.0 meq/ L = 500 mg/ L as CaCO,

Ol'

&91g 9Jsto] HY, OH', CO¥ 2 w% mahsto] Aits] HH,
10" —7.0 4.0
= =10 “"M=10 " mM o|B 2,

K
H1=10 """ M=10 *"mM, [OH ] =
[ ] (HT] 100" Mm

Alk=[HCO; |+ 2[CO 1+ [0H | — [H]

=10.0 mM+2x4.68x10 > mM+10 ** mMm—10"*" mM
=10.0 meq/L~+ 9.36 x 10~ % meq/L

=~ 10.0 meq/L (CO5* ol 2]t 7]oj20] Q7 5Atof| 0]R]A] 23})
=500 mg/L as CaCO,

- YUAORE Mol Aot FYAE WRAT G YR JYACN chet ol
2j20] gAPdI APRA) Thstel 27t H2atAl 2. (10%)

)

TR

- 549 &) (DNA E+= RNA)
contains genetic molecules (DNA or RNA)
- Ataxo2 Alg)
evolves by natural selection
- ¥y
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reproduces

A

- AHMOR PARLES SHA] Rt RS 2AL WS Ys) AFAEIL Ba
does not have its own metabolism, and requires a host cell to make new
products

- SEAE QR WAl 7T

cannot reproduce outside of a host cell

5. 27 AAYOlH §AS SRl Yrih B2 AR Aeo2 W SN §UL s
TR shEolw UL o oixlE o] YFACLYE YRHL Acks AL we
of. AFAOA APl SASHE Ae S710 AR Yob 43 AR Fol IE A

717] ASRRCE A A AW W) Pele] SRR 100 mg/mt A & 371
17b 50 molm, FES AYL © W UR B/l A e AF HEL 2

S
m’/mino|t}, AtFY RO F7|= UAE3H(completely mixed)Htt 7HYsHAL AR
o] Gujd”] H=7t 1 mg/m® vjRtojojo} WS 2 & Qlcky ghoh, AFelo]

b oolgo] #Estojol §AZ E7IA A2 4 JAEI? (B, R F7lol= Fuidr]vt
As] gla, GHjdrl= e =2 37 oA §HEoHA] et 7H) (10%3)

|

=)
u
Hoeg dojy= ¥h32 glet 2, CMFR solution % ¥hg-o] gl 7oA oigh th59] Al
a8
¢ ¢
(:outt :C; exXp|— +C;n l_eXp T
' Z>l) ZLO

o71A, R ZEY Z0jeE 7|9 & Cn 00|22

Cnm‘,t = C/) [CXD(_ %)}

0

— CO
t=t,- In Cor
= Vo B0 o in
Q@  2m’/min

t=25min - lngz 115 min = 1.92 hr

o
2

T, PFR3} CMFR % of® ¥LexS A}&3 21914 AAstuxt sk 9lgako] 20
m’/min® ©, PFRZ} CMFR Z}7to A "3t viex wmg X

@

)
!
=



op
or
Kl
s
bu
oo
A

C:)ut 1 G, 1
_ _—kt __ . out __ . _ :
qn €y, ty = 3 ln( c ) 1.0/min In 0.001 = 6.91 min
V=Q-t, = (20 m*/min) - (6.91 min)= 138 m?
ii) CMFR
C(’)ut 1 1 C;‘n 1 .
C;n _Tk’toy ty = E( CDM 1): W(IOOO*I): 999 min

V= Q- t,= (20 m*/min) - (999 min)= 19980 m"
Bl PFRo| @Al o0, AAEE SUoML PFRZ ZRst: Zlo] Felxg.



