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Chapter 1 — Separation fundamentals and chromatographic parameters
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Chapter 3 — Columns: chemistry, morphology and care
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Chapter 4 — Detectors
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Chapter 7 — Validation, verification and transfer of procedures
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Analytical Target Profile (ATP) defines what the reportable result must achieve

Stage 1 Stage 2
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knowledge feeds back: change control, re-design, re-validation
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Chapter 8 — Routine operation, instrument qualification and data integrity
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Chapter 9 — Systematic troubleshooting
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Pressure higher than normal
same flow, solvent, temperature

v

4 A
yes System blockage
Column removed: still high? — v g
loosen fittings back from detector
\.
*no
(" )
yes Replace guard / filter
Guard / in-line filter removed: normal? —’ P g /
check sample prep, filtration
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*nu
Salt precipitation? yes
P P Buffer just introduced?
flush warm water at low flow
¢“° viscosipl§gechietk low T)

flow setting, wrong column
Column inlet frit / bed

back-flush if allowed, else replace

pressure sensor offset
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random noise periodic noise
lamp ageing, dirty cell, bubbles pump pulsation, check valve, mixing
baseline drift (gradient) ghost peaks in blank
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absorbance mismatch A/B, temperature water, additives, carryover, late eluters
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tailing fronting split peak
silanols, metal, void, dead volume mass / volume overload, diluent blocked frit, bed void, strong diluent
broad peaks shoulder negative peak
extra-column volume, aged column co-elution, start of column damage diluent absorbs less than eluent
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Chapter 10 — Troubleshooting case studies
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Chapter 11 — Worked calculations
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9tpy = 6.60 min:2 S wpp = 0.140 mingtpy = 6.00 min:1l .ty = 1.50 min  Wesls

MWppy = 0.150 min

ky = (6.0 - 1.50) / 1.50 = 3.00 - - - ky = (6.60 - 1.58) /
1.50 = 3.40

a = 3.40 / 3.00 = 1.13

Rg = 1.18 x (6.60 - 6.00) / (0.140 + 0.150) = 1.18 x 0.60 /
0.290 = 2.44

cawlbo Hluob! duisle L (3 pun U gjlwlas fRs =2.44 4 kj_ =3.00. k2 =3.40.0=1.13 eawb

cads Jolno gla)l 9 (5,985 s Slass 12 dliwwo

Wp = 0.140 mingtg = 6.00 minbL LS Pm w3 L 150 x 4.6 MM ygiw Wesls

N = 5.54 x (6.00 / 0.148)%2 = 5.54 x 1837 ~ 10 180

H=L/N-= 150 0060 pm / 10 180
2.9

14

14.7pm---h=H/dpz

Vg Gh) cul Lollho Cusy Hd Hguw 2.9 dga> AOL KBS W)l g yiog)Sae 14.7 594> H (10200 592> N 1zl

.(59)50 W51 36 2 593> h DIy Lg>

m ol Egio0 920 (94 Jui3U 9 (§)15 0 S 65y - Pharmavault ©



pharmavault.ir S JyiaS azlg yo HPLC (63,0,5 slosl,

erisglosy ¢ g Job 51 13 aliune

951 plod L oo 250 ygiuw 51 .cuwl 1.6 ply griokeo 150 pinw b Gilyow bz uibglg))  Weals

CAS 50 (G puasds dz Lo 85 ,Lind g (pig)gj) «doub 035wl 8,3 8511

Dbe Bl Ghe Hebd ygim Job b )L teuwl cawlide wgiw Job UN g N iz b ouiglg))

Rgp = 1.6 x V(250 / 150) = 1.6 x 1.29 = 2.07

s el led.»J)Jb)J 9 920 dgapr (Job U.wl)9| e 1.67 9> HU Oy 9 )LA»Q 2.1 9> wiuglgj) a.wb

FiS29S g a3 SilySosul gy JUi 14 Alins

150 x :ya> yoiw UL 20 @, x> «mL/min 1.5 ¢yl 250 x 4.6 mm, 5 pm ygiw iubg, esls
3.0 mm, 3 pm

L/d,: 250 060 / 5 = 50 000 - 150 660 / 3 = 50 00O
2313 )18 20)5 50+ U 25— oo 039350 53 9 Camwl 03)S5 (i L/dy s

F, = 1.5 x (3.02 x 5) / (4.6% x 3) = 1.5 x 45 / 63.48 = 1.06

mL/min

Vinj2 = 20 x (150 x 3.02) / (250 x 4.6%) = 20 x 1350 / 5290 =
5.1 pL

woimw pz> b cawlise Ul 2 55 JUs Bpao pidg)Sae 539> §2)5 pxo 9 4 p i heo 1.06 S92 cuyold (Fuwl
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ol 48285 5 5 Shao

tpa =0.480 / 0.8 = 0.5 min - - - tpg = 1.60 / 8.8 = 2.00

min

Vlgise A 0> 59, B aBiws 01)59ilog,S adgisb sl dwy 50 wgim @ )55 48185 1.5 394> B alBiiws )3 pbslS 1awb
(55 lwaisiwo b g jlowo wloadiid 859350 ) 39391 ddgl SuilySgjal (6)19030 48,85 1.5

3l 35tuw] Guipd)y b jladie uuss 16 dliuo

‘b S Ll dauh (G248 iy pled W (u.w..?y ovlwl 1) 8550 85l Mg 25.0 Jslro )392 1digas
.900 2381 digas g 300 254 1 5l 5wl

Cotg = 25.0 x 0.996 x 5 / (50 x 50) = 0.04980 mg/mL -
Cs nominal = 25.8 x 5 / (50 x 50) = 0.85000 mg/mL

Assay = (1 238 900 / 1 254 300) x (0.04980 / 0.05000) x 160 =
0.98772 x 0.996 x 100 = 98.4 %

394 )lg daunlxo )3 (10)8 bauugio (14j9 9 1392 GBl9 W9 LS )3 Lumz Hlabo 10)5 98.4 393> 0,550 85lo (Slgize tFumby
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23 B 5alBU mbows 5200 o Sy b tdiges eabile 3u0y> 0.1 Clile b 8,550 8500 1§28y pwipd) Joloo  Wosals
.l 1.30 ulu B allsU RRF g 7800 digos

Impurity B (%) = (7800 / 5200) x 0.1 x (1 / 1.38) = 1.50 x
0.1 x 0.769 ~ 0.115 %

aS 3u0)3 30 1942 3)91p i HR (30l Caws d o)y 0.15 dazuis (RRF Mol (g .000)5 0.12 590> B pallBb il

A3 5 ) Gl s Llgise
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Slgz 4 sloyziy ) (h) jugh diwls a3 0 Sloul MAU 0.42 elas)l b S «0)580 050 1u0)> 0.05 Jol=o  ssls
.cuwl MAU 0.070 plp SSW ro|)§93L09)5 PO WhH o5

S/N=2H/ h=2x0.42 / 0.070 = 12

10 polp S/N L HbBlde wble (o9 s Uo)S L .S 0 O))QTX I (10 L}Sl.\?) LOQ Lo wbidé (pl teuwl 12 ol S/N a.uub

o 30l 615 G B2 b 1L 45 3940 39 10> 0.042 391>

.Ph. Eur 3 jlzxo RSD yiSlas 19 diwuo

to0os, 5) d94b 0 Pleul 6y G2)55 6 9 Ll 2u0y> 101.5 G 98.5 WB1)Sgig0 55 8)550 830 jloxo Glgize  Wabsls
.(=2.015

B = 101.5 - 100 = 1.5 - - - %RSDpax = 0.349 x 1.5 x v6 / 2.015
= 0.349 x 1.5 x 2.449 [/ 2.015 = 0.64 %

300)5 2.0 ;090 HLo ;I PSS s Hbuw feuwl 00,5 0.64 5915 jlo RSD% YiSlas 1zl
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Vy = 0.5 x L x d.2 = 8.5 x 15 x 0.46% = 1.59 mL

teq = 15 x 1.59 / 1.0 = 24 min
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kss = 5.0 x (1 - 0.0815)% = 4.71 - - - tg: 1.5 x (1 + 5.08) =
9.00 - 1.5 x (1 + 4.71) = 8.56 min
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Appendix A — Quick troubleshooting matrix
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Appendix B — Assessment questions with answers
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English

Retention factor (k)
Resolution (Rs)

HETP (H)

Symmetry factor (As)
Co-elution

Hold-up / dead volume
Extra-column volume
Gradient elution
Normal phase

Silanol

Fully porous particles
In-line filter

Eddy diffusion

Piston seal
Proportioning valve
Autosampler
Carryover

Flow cell

Peak purity

Time constant

Drift

Signal-to-noise ratio

Relative response factor

Allowable adjustments

Overload
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English

Retention time
Selectivity (a)
Theoretical plate (N)
Tailing factor (T)
Fronting

Hold-up time (tM)
Dwell volume
Isocratic elution
Reversed phase
End-capping
Superficially porous particles
Guard column

Pore dewetting
Check valve

Pulse damper
Degasser

Sample loop
Detector

Diode array detector
Bandwidth

Baseline

Ghost peak
Peak-to-valley ratio
System suitability

Diluent

Appendix C — Glossary
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English ) English P
Equilibration wbUdsls  Ion pairing VIl
Mass balance o= &jloe  Forced degradation bl cu s
Reportable result onliS B asuwis  Working range &) 05unS
Method transfer uvg, Jwsl  Analytical target profile Ubgy Bax Joldg,y
Audit trail Ju wosl  Analytical instrument qualification o Bwd piuSaalgs
Out of specification (00S) wlbakine jl 7,5 d=s Manual integration w58 LSl
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Appendix D — References and further reading
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1. Snyder L.R., Kirkland J.J., Dolan J.W. Introduction to Modern Liquid Chromatography, 3rd ed. Wiley, 2010.
2. Snyder L.R., Kirkland 3.3., Glajch J.L. Practical HPLC Method Development, 2nd ed. Wiley, 1997.

3. Dolan J.W., Snyder L.R. Troubleshooting LC Systems. Humana Press, 1989.

4. Meyer V.R. Practical High-Performance Liquid Chromatography, 5th ed. Wiley, 2010.

5. Kazakevich Y., LoBrutto R. (eds.) HPLC for Pharmaceutical Scientists. Wiley, 2007.

6. Dong M.W. HPLC and UHPLC for Practicing Scientists, 2nd ed. Wiley, 2019.

7. Neue U.D. HPLC Columns: Theory, Technology, and Practice. Wiley-VCH, 1997.

8. McMaster M.C. HPLC: A Practical User's Guide, 2nd ed. Wiley, 2007.

SIS W3lde

.

1. van Deemter J.J., Zuiderweg F.J., Klinkenberg A. Longitudinal diffusion and resistance to mass transfer as causes of
nonideality in chromatography. Chem. Eng. Sci. 5 (1956) 271-289.

2. Snyder L.R., Dolan J.W., Carr P.W. The hydrophobic-subtraction model of reversed-phase column selectivity. J. Chromatogr.
A1060 (2004) 77-116.

3. McCalley D.V. The challenges of the analysis of basic compounds by high performance liquid chromatography: some
possible approaches for improved separations. J. Chromatogr. A1217 (2010) 858-880.

4. Gritti F., Guiochon G. The van Deemter equation: assumptions, limits, and adjustment to modern high performance liquid
chromatography. J. Chromatogr. A1302 (2013) 1-13.

5. Dolan J.W. Temperature selectivity in reversed-phase high performance liquid chromatography. J. Chromatogr. A 965
(2002) 195-205.

6. Dolan J.W. LC Troubleshooting (column series). LCGC North America.
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1. USP General Chapter <621> Chromatography (harmonized text).
2. Ph. Eur. 2.2.46 Chromatographic separation techniques; 2.2.29 Liquid chromatography.

3. USP General Chapters <1058> Analytical Instrument Qualification; <1220> Analytical Procedure Life Cycle; <1224>
Transfer of Analytical Procedures; <1225> Validation of Compendial Procedures; <1226> Verification of Compendial
Procedures.

4. ICH Q2(R2) Validation of Analytical Procedures (2023); ICH Q14 Analytical Procedure Development (2023).
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5. ICH Q3A(R2) Impurities in New Drug Substances; ICH Q3B(R2) Impurities in New Drug Products.
6. US FDA. Data Integrity and Compliance With Drug CGMP — Questions and Answers. Guidance for Industry, 2018.

7. US FDA. Investigating Out-of-Specification (00S) Test Results for Pharmaceutical Production. Guidance for Industry, 2006
(rev. 2022).

8. MHRA. GXP Data Integrity Guidance and Definitions, 2018; PIC/S PI 041-1 Good Practices for Data Management and
Integrity in Regulated GMP/GDP Environments, 2021.
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