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PIP (3:1) and TIPPP
Phenol isopropylated 
phosphate, otherwise known 
as PIP (3:1) is used as a flame 
retardant, plasticiser, and 
additive in electronics and 
automobiles, among another 
applications. PIP (3:1) is 
produced by isopropylation 
of trisphenyl phosphate. 
Trisisopropylated trisphenyl 
phosphate is referred to as 
TIPPP (Trisisopropyltrisphenyl 
phosphate). 

The compound was banned for processing 
and distribution by the US Environmental 
Agency	(EPA)	in	January	2021.	Despite	its	
persistent, bio accumulative and toxic (PBT) 
properties, the EPA will not enforce the 
ban	of	PIP	(3:1)	until	October	31,	2024.1-3 

The	justification	was	«to	ensure	that	supply	
chains are not disrupted for key consumer 
and commercial goods». This followed 
concerns raised by importers, distributors, 
and retailers that it may take several years 
to	fill	the	gap.



What is  
PIP (3:1)?
Commercial PIP (3:1) is a 
complex industrial mixture. 
Its analysis is challenging 
as the composition may 
vary from producer to 
producer, and from  
batch to batch. 

EPA refers to PIP (3:1) as propylated, 
phenol,	phosphate	with	CAS	68937-41-7.2  
This is in line with Chemical Abstract 
Services	(CAS)	definition	of	CAS	number	
68937-41-7	as	«unspecified	propylated	
phenol phosphate». The structure and 
the composition are not given and no 

alternative names are referenced. ECHA, 
also refers to PIP (3:1) as propylated phenol 
phosphate	with	CAS	68937-41-7,	however	
they give the structure as a mixture of four 
compounds with increasing number of 
isopropyl groups from zero to three.4 The 
PIP (3:1) mixture is further described by the 
UK Environmental agency.5 

Chiron have analysed two technical 
products, one of which was called 
‘propylated trisphenyl phosphate’ by 
the producer. The other was called 
diisopropyltrisphenyl phosphate. The 
products were analysed in detail and also 
separated into fractions. The composition 
of the two products were similar. 

Fraction (% in  
original mixture)

Mass
Chiron  

Catalogue. No.
Name

Number 
of isomers 
detected

1 (23.2) 326 2138.18 Triphenyl phosphate 1

2 (29.6) 368 12833.21
Monoisopropyltrisphenyl  

phosphate, m/z 368
3

3 (38.9) 410 12832.24
Diisopropyltrisphenyl  
phosphate, m/z 410

6

4 (6.1) 452 12832.27
Trisisopropyltrisphenyl  
phosphate, m/z 452

5

5 (2.2) 494 N/A
Tetraisopropyltrisphenyl  

phosphate, m/z 494
3

Fraction 2	(12833.21)	consists	of	2.4	%	diphenyl-3-isopropylphenyl	phosphate	(coeluting	
with reference standard 11445.21), and the two other isomers 2- and 4-isopropylphenyl in 
28.4	and	69.3	%,	but	it	is	unclear	which	was	which.

Chiron isolated by prep LC four fractions (1-4 below) of the technical mixture with an 
increasing number of isopropylated groups from zero to three. The original mixture  
also contained some minor amounts of isomers with four isopropyl groups according  
to GC-MS analysis:



Fraction 3	(12834.24)	was	a	mixture	of	three	major	components	 
(16,	20	and	49%).	Based	on	the	results	from	fraction	2	above	they	 
are likely combinations of 2- and 4-isopropylphenyl isomers, e.g.  
di(4-isopropylphenylphenyl phosphate, 2-isopropylphenyl- 
4-isopropylphenylphenyl phosphate and 
2,4-diisopropylphenyldiphenyldiphenyl phosphate.

Fraction 4	(12831.27),	Trisisopropyltrisphenyl	phosphate	
has the generic structure shown here:

R = H or CH(CH3 )2. It can be one or several 
CH(CH3 )2 groups in each ring, but only totally 
three in the molecule

Furthermore, we synthesised three different congener reference standards;  
tris(2-isopropylphenyl)	phosphate	(11234.27),	tris(3-isopropylphenyl)	phosphate	
(11441.27)	and	tris(4-isopropylphenyl)	phosphate	(11136.27)	of	this	generic	structure,	 
but	none	of	these	corresponded	to	compounds	in	the	technical	fraction	12831.27.

11234.27 11441.27 11136.27 

The chromatogram is the  
GC-FID data, the bottom  
the GC-MS data of the 
trisisopropyltrisphenyl  
fraction (12832.27 
Trisisopropyltrisphenyl 
phosphate, m/z 452)

The darker blue peaks in the chromatograms originate from  
the technical mixture

Light blue: “2” Tris(2-isopropylphenyl) phosphate (11234.27)

Purple: “3” Tris(3-isopropylphenyl) phosphate (11441.27)

Yellow: “4” Tris(4-isopropylphenyl) phosphate (11136.27)

The technical mixtures were analysed by Gas Chromatography with Flame Ionisation 
Detection and Mass Spectrometry (GC-FID/MS) and were compared with the 
individual congener reference standards. An overlaid chromatogram is shown below. 
The analysis of the trisisopropyl fraction from Chiron is also published by Shimadzu.6
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Chiron No. Name Synonym CAS

8777.27
Isopropylated trisphenyl phosphate 
(techn. 5% TIPPP)

TIPPP techn.;  
PIP (3:1)

68937-41-7

12831.27 Trisisopropyltrisphenyl phosphate, ion m/z 452
TIPPP: PIP 

(3:1)
68937-41-7

12832.24 Diisopropyltrisphenyl phosphate, ion m/z 410 DIPPP 28109-00-4

12833.21
Monoisopropyltrisphenyl phosphate, TIPPP ion 
m/z 368

MonoIPPP 28108-99-8

11234.27 Tris(2-isopropylphenyl) phosphate 2-TIPPP 64532-95-2

11441.27 Tris(3-isopropylphenyl) phosphate 3-TIPPP 72668-27-0

11136.27 Tris(4-isopropylphenyl) phosphate 4-TIPPP 2502-15-0

11442.27 Tris(4-isopropylphenyl) phosphate-d33 4-TIPPP-d33 N/A

11445.21 Diphenyl-3-isopropylphenyl phosphate
3-DPIPP 

(3-IPPDP)
69515-46-4

11839.21
Diphenylisopropylphenyl phosphate, techn. 
isomer mix

DPIPP techn. 28108-99-8

Available Standards: 

We can state that the technical mixture of 
PIP (3:1) is a complex mixture of trisphenyl 
phosphate with zero to four isopropyl 
groups attached. The majority of the mono 
is a mixture of the 2- and 4-isopropylphenyl 
isomers, the di- and tris- consists of several 
undefined	isomers,	likely	mainly	with	a	
combination of 2- and 4-isopropyl and 
2,4-diixoproyl isomer. Without doubt 
we can conclude that the tris does not 

contain tris(2-isopropylphenyl) phosphate 
(11234.27),	tris(3-isopropylphenyl)	
phosphate	(11441.27)	or	 
tris(4-isopropylphenyl) phosphate  
(11136.27)	in	any	major	proportions.	 
Rather, it is likely to contain a mixture of 
isomers with different substitution patterns 
in the rings, with from zero to 2-isopropyl 
groups in one ring and up to two isopropyl 
groups in one of the other phenyl rings.
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14725.32 Rocuronium bromide (Zemuron; Esmeron) 119302-91-9
14337.22 Rosiglitazone maleate (BRL-49653C; Avandia) 155141-29-0
14528.22 Testosterone propionate 57-85-2
15294.9 Tizanidine hydrochloride (Zanaflex) 64461-82-1

Alkylated ammonium halides and alkyl amines
14533.19 Benzyldecyldimethylammonium chloride (BAC 10) 965-32-2
14544.22 Dimethyldidecylammonium chloride (C10-DDAC; AQ 210) 7173-51-5

14545.26
Dimethyldidodecylammonium chloride (C12-DDAC; AC 212; Aliquat 204; Dilauryldimethylammonium 
chloride)

3401-74-9

14677.18 Laurylamine dipropylenediamine (Bis(aminopropyl)laurylamine; TA) 2372-82-9
14678.15 5538-95-4
14679.12 124-22-1

CLF14069.11 N/A
CLF14072.12 N/A

14664.14 641-38-3 (unlabelled)
14665.15 26894-49-5 (unlabelled)

14733.10 1020719-68-9
14734.10 1020719-69-0
14504.5 61445-55-4 (unlabelled)
14833.6 51938-17-1
14832.6

N-Lauryltrimethylenediamine (Laurylaminopropylamine; DA)
Laurylamine (n-Dodecylamine; MA)

Chlorinated Paraffins
1,2,4,5,8,9-Hexachloroundecane (58.60 Cl %Wt)
1,2,5,6,9,10-Hexachlorododecane (56.42 Cl %Wt)

Mycotoxins
U-{13C14}-Alternariol
U-{13C15}-Alternariol methyl ester

Nitrosamines
(±)-N-Nitrosoanabasine-d4 (NAB-d4)
(±)-N-Nitrosoanatabine-d4 (NAT-d4)
4-(Methylnitrosoamino)butanoic acid-d9 (NMBA-d9)
4-(Methylnitrosoamino)butanoic acid methyl ester (NMBA Methyl ester)
4-(Methylnitrosoamino)butanoic acid-d3 methyl ester (NMBA-d3 methyl ester) 1246817-93-5

14869.5 N-Methyl-N’-nitrosopiperazine (1-Nitroso-4-methylpiperazine) 16339-07-4

PAH
14729.14 9,10-Dichloroanthracene 605-48-1
14730.14 2,9,10-Trichloroanthracene 74018-42-1
14826.14 2,4-Dichlorophenanthrene 7299-38-9
14835.14 1,9,10-Trichlorophenanthrene N/A

PFAS
14170.4 Perfluorbutanesulfonamide (FBSA) 30334-69-1
14171.5 N-Methylperfluorobutanesulfonamide (MeFBSA) 68298-12-4
14797.5 Perfluoropentanesulfonic acid, sodium salt (PFPeS-Na) 630402-22-1

14110.6
2,3,3,3-Tetrafluoro-2-(heptafluoropropoxy)propionic acid (HFPO-DA; "GENX" precursor; FRD-903;
PFPrOPrA)

13252-13-6

14460.7 Dodecafluoro-3H-4,8-dioxanonanoate (>90%) (ADONA) 919005-14-4
14172.7 N-Methyl-n-perfluorobutylsulfonylglycine (MeFBSAA) 159381-10-9
14847.8 2H,2H,3H,3H-Perfluorooctanoic acid (5:3 FTCA) 914637-49-3
14862.8 Perfluorooctanesulfonic acid, techn isomer mixture, purified (PFOS isomer mix) 1763-23-1 (for the n-isomer)
14863.8 n-Perfluorooctanesulfonic acid (PFOS) 1763-23-1
14526.10 N-Perfluorooctanesulfonamidoacetic acid (FOSAA) 2806-24-8

Pesticides
14795.14 Acetochlor (Harness; Acenit; Acetal) 34256-82-1
12959.23 gamma-Cyhalothrin (single isomer) 76703-62-3
10622.13 Niflumic acid 4394-00-7

SDPAs, Substituted diphenylantioxidants
14685.18 6PPD (DMBPPD) 793-24-8
14686.18 6PPD-quinone N/A
14740.18 6PPD-quinone-d5 N/A

Miscellaneous
14643.27 αßß (20R)-Cholestane (Technical) 69483-47-2
14489.7 Benzothiazole-2-sulfonic acid (BTSO3H; Benzo[d]thiazole-2-sulfonic acid) 941-57-1
14219.23 2-Benzyl-2-dimethylamino-4'-morpholinobutyrophenone (UV 369) 119313-12-1
14408.3 2,3-Dibromopropan-1-ol (Brominex 257; DBP) 96-13-9
12484.X Gasoline, Regular, unleaded 86290-81-5
14670.37 Tri(butylcresyl)butane, techn. (Topanol-CA) 1843-03-4
14683.5 N-Methyldiethanolamine (MDEA; 2,2'-Methyliminodiethanol) 105-59-9
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