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Problem description & Goal
In a chemical company SPC revealed significant batch to batch 

raw material variation resulting in product quality problems

Analysis of all supplied batches is necessary however

impossible using slow standard GC method.

A fast UHPLC analytic method is under development but not 

ready yet for validation because of strong measurement 

variation 

Goal: Specification of robust & optimal settings for UHPLC 

method so that validation is possible
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JMP Case Study Library

Teaching resources
• Free teaching material

• Managed by JMP Academic Team, developed with JMP users from industry and 

academia

• Add real-world scenarios for practical problem solving to many university 

courses

• Include data sets, background and task, solution, exercises

“Manufacturing Excellence in Pharma – Part 1, 2, 3”
• Series of three independent case studies (SPC, MSA, DOE)

• Will be added to the Case Study Library at jmp.com/cases soon

• Already available on request (volker.kraft@jmp.com)
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Screening UHPLC vs. GC for Compound 1 & 2

GC accurate & precise standard method, but too slow
UHPLC method faster, but high operator variation 
→MSA study 

Large prediction interval Large prediction interval

accuracy?within
spec?

USL

USL

LSL LSL
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Statistical Problem Solving

Problem Cause Solution

High variation UHPLC 
measurement system

MSA – Gauge R&R
DOE

Optimal & robust settings 
UHPLC measurement system 

Variation root cause(s)
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Measurement 
System 
Analysis (MSA)

6



7



Gauge R&R 
study UHPLC

Batch 1
2x

Batch 2
2x

Batch 3
2x

Batch 4
2x

John Laura Sarah

Within operator variation → repeatability

Product 
variation

Between operator variation →
reproducibility
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MSA - GAUGE R&R UHPLC ANALYSIS

JMP DEMO
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Full Factorial DOE Gauge R&R study UHPLC
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ANOVA Results for compound 1 and compound 2

Significant difference between batch averages

detected by individual UHPLC measurements?
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Variability Chart of Compound 1 & Compound 2

John has more variation

variation not consistent across batches

Laura has more variation

variation not consistent across batches
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Average & Range Chart of Compound 1 and Compound 2

Individual UHPLC 

measurements cannot 

detect quality shifts 

between batches!

No significant difference 

in measurement range 

between operators 

measurement 

variation

range variation
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Parallelism Plots for Operator and Batch for Compound 1 and

Compound 2

Lines are not parallel and there is a major crossing 

indication interaction between operators and batches 

→ serious reproducibility issue that requires further investigation!
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EMP Gauge R&R Results Compound 1 and Compound 2

Main task for improving the UHPLC measurement system is 

optimization of the repeatability 

→ Specify robust UHPLC process settings

𝝈𝒓
𝟐

𝝈𝑹
𝟐

𝝈𝑷
𝟐

𝝈𝑻𝒐𝒕
𝟐
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Optimisation 
UHPLC
by 
Design of 
Experiments
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Root Cause Analysis

high measurement error

Method

non-optimal analysis process settings
low and unstable resolution

Equipment (“Machine”)

unstable column temperature & eluent
flowrate→ drift 

1. Stabilize!

2. DOE
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Goal
Y = compound concentration in standard sample (mg/l) 

Model Y = F(UHPLC control factors)

Specify optimal, robust UHPLC control settings 

Achieve Quality P/T ratio criterion

Y → match target compound concentration </= 10% tolerance

standard sample 1: Y = 300 +/- 20 mg/l

standard sample 2: Y = 450 +/- 15 mg/l
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Model 
Main effects (X1, X2,…Xi) & all quadratic effects (X2)

Temperature column 25 – 35 °C

Eluent Flowrate  5 – 15 ml/min

Gradient → four continuous factors %Acetonitrile/ml (%ACN/ml)

%ACN (V = 0ml)  5 – 20%

%ACN (V = 1ml)  5 – 20%

%ACN (V = 5ml)  35 – 70%

%ACN (V = 6ml)  35 – 70 %

Wavelength UV detector 192 – 270 nm

Select interaction effects Xi*Xj

Temperature * Eluent Flowrate

Eluent Flowrate * all gradient factors %ACN

Custom
Design
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DOE UHPLC OPTIMIZATION

JMP DEMO
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Optimization UHPLC - DOE 
25 run Custom Design Y1 Y2
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Optimization UHPLC - DOE 
Design evaluation

Power OK  

Collinearity 

negligible
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Optimization UHPLC - DOE 
Analysis DOE results Compound 1
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Optimization UHPLC - DOE 
Analysis DOE results Compound 2
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Optimal (& Robust) UHPLC Settings 

No robust settings → too high sensitivity 
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More robust settings

Optimal & Robust UHPLC Settings
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Optimal & Robust UHPLC Settings

Contour Profiler
27



VALIDATION 
EXPERIMENTS
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Full Factorial DOE MSA UHPLC - VALIDATION

GAUGE R&R

Three batches → batch variation 

Three operators → one repeated UHPLC & 

GC measurement/batch
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MSA UHPLC VALIDATION – Compound 1

Precision/Tolerance ratio = 6*5,40/400 = 8%

→ Precision OK!

Individual UHPLC measurements can detect quality 

shifts between batches!

Mainly product variation
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MSA UHPLC VALIDATION – Compound 1

Lines are close & parallel with some crossing indicating 

small batch – operator interaction 

?
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MSA UHPLC VALIDATION – Compound 2

Precision/Tolerance ratio = 6*2,44/300 = 5%

→ Precision OK!

Mainly product variation

Individual UHPLC measurements can detect quality 

shifts between batches!
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MSA UHPLC VALIDATION – Compound 2

Lines are very close & parallel with no major crossing 

indicating no operator bias
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MSA UHPLC VALIDATION – COMPARISON GC  

no significant instrument effect → UHPLC accurate

small but significant batch – operator interaction effect 34



MSA UHPLC VALIDATION – COMPARISON GC  

Batch – operator interaction Compound 1 observed for GC & UHPLC →

Sarah? 35



MSA UHPLC VALIDATION – COMPARISON GC 

UHPLC is accurate

No difference with GC 

standard analysis method
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