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The internal standard correction (ISC)-HPLC-qNMR method was proposed for time-saving and more controllable sample
preparation. The post-collection purity correction factor (fLC) for ISC-HPLC-qNMR was recently proposed to extend the applicability to
the samples where HPLC cannot purify low-purity complex compounds to 100%.

HPLC-qNMR-HPLC 

The ISRC (internal standard recovery correction)-HPLC-NMR method introduced a recovery correction factor (f) based on the HPLC
area ratios between the analyte and IS before and after the process, ensuring the result accuracy despite the sample loss during the
process or poor resolution happened in the HPLC separation stage.

Avermectins is a natural complex
pesticide. Non-deuterated solvents were
used as the HPLC mobile phase, and only
the eluents containing avermectin B1a
and IS were gathered and scanned by
qNMR, avoiding the interference of
other avermectins.

Objectives

Require: The peaks for quantitation isolate from that of impurities 

Principle and Challenge of qNMR A series of novel qNMR approaches have been developed by NIM 
to mitigate biases associated with chemical interferences.

SampleChallengeApplication ScopeMethod

ValineQualitative 
capability

Identifiable 
impuritiesDirect qNMR1

hCG-T5Structural related 
impurities

Peptides or proteins 
containing H, F, Y, WH-D exchange qNMR1

Avermectin B1aSignal distortion

The NMR signals of 
impurities highly 
overlap with the 

main components

HPLC-qNMR with two 
signal suppression2

C-peptide
Insulin

Purification 
capabilityHPLC-qNMR-HPLC3,4

Avermectins
HPLC separation

ISRC-HPLC-qNMR5

Pyributicarb
OxytetracyclineISC-HPLC-qNMR6,7

QNMR is a universal direct method for organic compound purity.

IS

Analyte + IS

Analyte 

If there is a peak from 
an impurity overlaps 

with the peak of analyte?

X = Analyte; Std = Internal Standard (IS); I = Integral area; M = molar mass; m = mass; P = purity in %, g/g
N = Number of spins belonging to the respective molecular unit

Major challenge for low-purity compound analysis
Especially for larger molecules (peptides/proteins)

Direct HPLC-qNMR can remove impurities, but needs a large 
amount of deuterated solvent as mobile phase.

HPLC

CH3CN  H2O

qNMR: only see CH3CN  and H2OSample (H) +Standard (H)

HPLC

CD3CN  D2O

qNMR (√ high cost)Sample (H) +Standard (H)

Aim : Solve the problem of qNMR to improve its accuracy. 
Extend application range of qNMR to large molecules

IS Analyte

A :  Acetonitrile; 
A1, A2: Acetonitrile 13C satellite peak;
B: Water;
C box: enlarged image below;
1-3: Quantitative peak of analyte 
(avermectin)
4: Quantitative peak of IS (benzoic acid)

HPLC

CH3CN  H2O

qNMR: only see CH3CN  and H2OSample (H) +Standard (H)

qNMR: Sample (H) +Standard (H)
(Suppress CH3CN  H2O)

Tw
o-signal

suppression 

The purity of avermectin B1a 
determined by this method 
(94.63%±1.97%, 2 hours) is 

consistent with that from the 
mass balance method 

(93.70%±0.46%, 2 days), with 
bias less than 1%.
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(MW = 873.08)
CAS:   65195-55-3

Challenge: Signal distortion

The results agreed with isotope dilution mass
spectrometry (IDMS), overcoming qNMR
measurement challenges of peptides.

Peptides are key biomarkers and pharmaceuticals. The HPLC-
qNMR-HPLC was proposed for peptide purity determination,
removing the overlapped peaks from impurities by generating a
high purity calibration standard from the original sample.

Consistent!

s=purified sample; C=Concentration of solution; A= LC-UV area

Purified SampleSample

(3) HPLC external method

(1) Purification

(2) qNMR Analysis

Purity Result

𝑷𝒙 ൌ
𝑰𝒔𝑵𝒔𝒕𝒅𝑴𝒔𝒎𝒔𝒕𝒅𝑪𝒔𝑨𝒙
𝑰𝒔𝒕𝒅𝑵𝒔𝑴𝒔𝒕𝒅𝒎𝒔𝑪𝒙𝑨𝒔

𝑷𝒔𝒕𝒅 

Challenge: Purification capability

The homologues of avermectin B1a were determined by HPLC-DAD and IT-TOF-MS/MS. Since the internal standard is a SI-traceable 
CRM, a traceability chain was established for the mass fractions of the avermectin B1a and its homologues.

Accurate: Even NMR peaks are unresolved, or HPLC peaks are partial resolved; Low cost: Only common solvent as mobile phase
Improve qNMR method: Overcome the impact by highly similar impurity; Simple operation: Only eluate of analyte collected.
Accurate: Even NMR peaks are unresolved, or HPLC peaks are partial resolved; Low cost: Only common solvent as mobile phase
Improve qNMR method: Overcome the impact by highly similar impurity; Simple operation: Only eluate of analyte collected.

𝑷anal ൌ
𝑨analA  𝑨stdB  𝑵std  𝑴anal  𝒎stdA  𝑰anal
  𝑨stdA  𝑨analB  𝑵anal  𝑴std  𝒎samA  𝑰std

𝑷std 

Add Std. 
(no weighing) 

and
D-solvent

Direct 
qNMR: 
Isam, Istd

Sample  (  msamB )
+Std (  mstdB )

HPLC-DAD

Analyte

Solution A

Solution C

AstdA AsamA

Undeuterated
mobile phase

Solution B

Diluted

AstdB AsamB

Step 1: Collection and Purification

Step 3: Determination of HPLC areas

Step 4: Calculation

High concentration 

Sample
(no weighing)

Step 2: qNMR

solutions A and B

HPLC-DAD HPLC-DAD

(4) Dry

(3) HPLC Analysis

(1) Prepartion

(2) qNMR Analysis

Purity Result

(1) Prepartion

(2) Seperation

(3) Collection

(1) Prepartion
(2) Prepartion

Optional Step: Correction

Avermectin B1a 

(MW = 3020.25) (MW = 5807.69)

Human C-peptide Human insulin 

HPLC-DAD

Redissolve

By CD3CN

qNMR
analysis

Pa
Origin solution(Sample+Std.)
(Solution C)

HPLC-DAD

Solution A

Diluted

Processed solution
(Solution D)

HPLC-DAD

Astd A

(CH3CN+H2O)

Solution B

Diluted

Astd1 A1

Step 1: Determine Pa: purity supposing no sample loss

Step 2: Determine Astd, A, Astd1 and A1

Only two eluents

Std.

+

𝒇 ൌ
𝑨std1 ൈ 𝑨
𝑨𝟏 ൈ 𝑨std

 Purity Result 𝑷𝒙 ൌ 𝒇𝑷𝒂 

Step 3: Calculation f (correction factor) and P (purity result)

Dry

Correction factor:

Sample

After correction, the mass 
fraction of analyte was 
constant, accurate and 

precise.

Pyributicarb

Oxytetracycline

ISC advantage to ISRC:
Faster: 

half drying time
Easier: 

no weighing in step 1&2
can mix eluents

(MW = 460.43)
CAS:   79-57-2

(MW =330.44 )
CAS:   88678-67-5

SI Units

Internal Standard CRMs 
(DMSO2, BA, KHP, MA, AK...)

Almost all organic compounds

Novel qNMR methods

Primary method
(Coulometry or Freezing point 

depression method...)

Internal Standard CRMs for 1H qNMR
developed by NIM
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δ (×10-6)NameNo.

3.0Dimethyl sulfone 
(DMSO2)GBW06119

8.0, 6.9,
4.4, 1.4Ethylparaben (EP)GBW06120

8.0-8.1,
7.6, 7.4-7.5Benzoic acid (BA)GBW 06148

7.0-8.3Potassium hydrogen 
phthalate (KHP)GBW06149

6.3Maleic acid (MA)GBW06150

5.3, 1.9Acesulfame 
potassium (AK)GBW06151

https://www.ncrm.org.cn

ൈ 𝒇𝐋𝐂 

𝒇𝐋𝐂 ൌ
𝑨𝒂𝒏𝒂𝒍𝑩

𝑨𝒂𝒏𝒂𝒍𝑩 ൅ ∑𝑨impB
 


